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CMOS Image Sensor with Stacked Organic
Photoelectric Conversion Layers

Mikio IHAMA* and Shunji TAKADA*

Abstract

Digital still cameras overtook film cameras in the Japanese market already in 2000 in terms of sales volume

owing to their versatile functions. However, color films are still superior to digital image sensors in image-

capturing capabilities such as sensitivity and latitude. In this paper, we attribute the cause for the high performance

of color films to their multi-layered structure, and propose a solid-state image sensor with stacked organic

photoelectric conversion layers each having narrow absorption bands provided on CMOS read-out circuits.
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Fig. 1 Scanning electron micrograph of the cross section of a
typical mega-pixel CCD image sensor.
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Fig. 2 Scanning electron micrograph of the cross section of a
color negative film.
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Fig. 3 lllustration showing the cross section of the proposed stack
type solid-state image sensor composed of three
photoconductive layers and a silicon device to read-out
signal charges.

KM 2 EBRE L T 5 720 OB O fFH &
LC, HEARKRE, fRMETIO M TE, 25
iz cds, SiZe EOEEMEIDO b ET Ry MEIZD
WTHBME TR o7z, TORE, EEAHRE T
BIRTEX LB HIFEE AL TV 5B & v Hn o
BRI @G FHT A0 ELIEBE L L T b
LTWwWbEhEm L7z,

5. ARABLMEZTRRE L /- CMOS
1A= Y —DFRE

FRZE L 72 HiE RN 2 FE i o O [ (R4 1% 3 1 O IR AR &

BRI E R L 7-CMOS £ X — 2+ > —



HigE LT, HEARED?S 22 A BRI 18
fEEL72CMOS A XA —T v v —ZFREL, Hiakg
=& U CORREMGEE #4772 - 72, Fig. 4 1A
TSR O W HE i & CMOS JER DE 558 & H L Al
XY o

Transparent Counter Electrode (ITO)

Electron Blocking Layer,Buffer Layer Organic

~300nm Photoconductive
Layer
l Pixel Electrode

Via Plug

|—, Read-out Circuit

CMOS Substrate

Incident Light
Bias voltage Vi
Vee
I e
Organic
Photoconductive
Layer

Storage

Diode
Row

Fig. 4 Schematic diagram of the monochromatic CMOS image
sensor with an organic photoconductive layer and a signal
charge read-out circuit.
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Fig. 5 Absorption spectrum of a thin layer of quinacridone.
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Fig. 6 Photograph of the assembled image sensor chip
experimentally produced in this study.
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experimentally produced in this study.
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High Speed Color Reversal Film “Fujichrome PROVIA 400X” with
High Color Saturation and Improved Image Structure

Fumitaka UEDA*, Masatoshi GOTO**, Shigeru KUWASHIMA**,
Nobuyuki HARAGUCHI**, Kimiyasu MORIMURA*** Masayoshi TOY ODA**#*,
Hiroshi FUKUZAWA#** and Hideo IKEDA*****

Abstract

Fujichrome PROVIA 400X, which was released in last February by FUJIFILM Corporation, is the
highest among ISO 400 color reversal films in image-structural qualities and color saturation as well as long-
term image stability. These new features have been realized by the following state-of-the-art innovative
technologies ; Epitaxial Sigma Crystal technology, Pure, Stable & High-performance dye-forming Coupler
technology, and Multi-Color-Correction Layers technology.
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Fig. 2 Improvement in RMS granularity value of Fujichrome films.
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Fig. 4 Dye image stability achieved with use of new couplers.
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Fig. 7 Multi-Color-Correction Layers technology.
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Development of High Performance and High Light-fast Dyes for D2T2 System

Hisashi MIKOSHIBA*

Abstract

We have developed a three primary color dye set for D2T2 (Dye Diffusion Thermal Transfer) systems,
featuring good transfer nature, high color purity as well as light fastness, etc.
As the yellow dye, we chose an aminopyrazole azo dye (APA-dye), which has excellent transfer nature,

high light-fastness and color purity. It was found that introduction of an electron-withdrawing group into an

APA-dye can improve light fastness and also optimize the absorption maximum wavelength.

As the magenta dye, pyraozolotriazole azomethine dye (PT-dye) was chosen, which is used in

photographic color printing papers. We have found that, with the higher oxidation potential of a PT-dye, the

higher is its light fastness, and further that its bulkiness positively correlates with light-fastness. Practically

useful light-fast PT-dyes were developed by the application of the know-how on the magenta dyes for

photographic color paper with respect to the light stabilization mechanism with consideration of the

difference in the two systems.

As the cyan dye, phenol indoaniline dyes (PI-dyes) were chosen, which are also used in photographic

color printing papers. By optimizing the substituent group of the acyl group in the coupler part of the phenol
indoaniline dye, we have developed a cyan dye with excellent light-fastness.

1. FHIC

ARG 3 (D2T2 /53X | Dye Diffusion Thermal
Transfer system D% . L%, D2T2 & Rl 4) 14,
SHIEFITE R L7, i, SEEO 7V T —HE
ETHY, REHD T -7V ¥ —, |EHERIEH
TV vy —, IDH— FEEE, 7I2—-ZA XM H
Ty - ICRASTwA Y, YL, D2T2
T vy —OFREHI» SRR S NS BRI
HeFEoms, ERLET - TE2Y, BEE, &
FZHERONREHE L THREORIEZ KL TWwb,

Lo D2T2 % E, RESGHEOHMEZEDL,
D2T2 RSB E R DT, BADOHEXHLT
Wb, R Tld, SR oR g R TR,
£, BISFICRELZMRICOWT#HRT 5,

Astehmmmsr (#2007 41 18 H)

*EET7 AL (BR) R&DAHEAE
ARG AL ZE AT
T 250-0193 o) Y AR T i 210

* Synthetic Organic Chemistry Laboratories
Research & Development Management Headquarters
FUJIFILM Corporation
Nakanuma, Minamiashigara, Kanagawa 250-0193, Japan

2. D212 5K

2.1 D2T2 AR DE{EFZKIFEIE

D2T2 KO BEE D 2R (Fig. 1), aFE
NA Ty =l btaEfGBE, EFoy— M
B LAV sy —b b, BELTLAMELSH
THER)—DoMbZHEE Y — P LICEHE L%
GmrERLbYE, £ 27— OWHEMLF—< L
ANy RELTTEEHNT 5, =<y FOIJEE
WX, RS RE, fREREEE L ICERICRD,
BEOWEFURD AL, BEOREARE F
FAVC YT T H— AL LT, MEFSTIRECHELR
5@ b B FH G BT B o

25—

2R

Fig. 1 Image formation in D2T2 System.
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2.2 D2T2H&FRIIKD 5N 21EE L P

LA AL, BERD2T2 HEFEL L
TERENBMEREH Z L TFIZEIT S, o ZDHIL,
ML 2 FEOWETH 5,

@ W{GBEITEH N & (BinE M)

@ WG R AN Z & (BuinE k)

@ WHEA R w2 & (EAE)

@ WG ORI ENL Z & (O, BERA )

©® \EE (5 eWIpUEE)

® 1 v 7 bt (FEE)

CNSOERIEHZ, BWLANLTHET 2 3EMBD
BEORBEILEL ENTWVE, LEEENLIYEE
FTRCWRESIEE T LIRHHE TRV, fl21F, 2
EWem b3 N TREO S TEXKT S8
4, BBROEEEIETT2MENICH S, KARETIE,
WMEOFIELS DY, TRTCOBEHICHL THET L2
EWMTER WV, AENIHFIC, EERod T ER TR
THY, OB HEELE > TV ALBEDNERENE|C

3. D2 HEFZDRHE

WMHOBFREL-3EEL (fa—, x¥ ¥y, V7 )
DEFICHLT, HICHEHREZIT %) 3FEBOBEDOH
B, fEE (—#sX), B 7 v rh o F EE T ORI
¥tk %32 (Fig. 2, Fig.3, Fig.4).

Yellow Magenta Cyan

Fig. 2 Appearance of the Fuji dye sets for D2T2 system.

H
Ria N__Ryo
—\ R =\ Re T
R NN @ 3 R, /N{\_‘_}N\R7 Rs o
s X
"Rz

8 N Rg h
N” NH, N\N,N AN
Riq
Rs N

=
Rig

Yellow Magenta Cyan

Fig. 3 Chemical formulas of the Fuji dyes for D2T2 system.

Fig. 4 Absorption spectra of the Fuji dyes for D2T2 system (ethyl
acetate solution).

31 1 IO—&FORR

D2T2HOmFED A Zu—mFL LT, TVR, AU
ST VR, ¥ 7suvR, VYT AFYLEN
EhishTwal, fzo—aFIZEERPE VD,
— R EmE LT, v By BIPY T omELL
B CEVEBEREDELS, T amGREL2ES 2
EDRLTRL WV, FOD, BVIEEIEELISL 700
12, BRGHElEWI EPERETH S,

bbb, 7VRBHRIIET LTI/ ET Y=L
7" (aminopyrazole azo) 3% (L%, APA-fh% L IET)
FEIRL7 (Fig. 5) Yo A 0 —FIRICWINZEHT 5
TR EIE A OBEOBENIMOENT VDL, £h
SOHTYH, APA-LRIIREMORINGTG O 25 &0
X —TTENRTBY, T2, BREBELELTVS,
B%E OREREIL, WU K O Eik Bt & B2 E M o T 3
ThHo72,

R%f§f=wﬁ<i>R3

w NH,
R

Fig. 5 Chemical formula of the Fuiji yellow dye for D2T2 system.

3.1.1 APA-B8F D p-fIDEHE & RUE A KR DREF

$9, APA-tBFOHEE & WIUIHED RIS 2 M5T L 72,
APA-BFZDO T 7 VST OEHIE (G) L WEERT T VA
A OIS R O BR % 7R 9 (Fig. 6) o A,
EIRLEOE T E O RE & L T Hammett O & i3k 5E
BoplEx 7o APA-UFE DY T VE L OEHE
PETWIETH S1TE, WK EEFEREILT
o OBTWHIMENIKE R =3 ((NO2) %R
FTUE, APA-fLFEII M o -k L CRELREES
TEEELT LI b hro7z,

450

440
E 430 ‘ G N=N O
g 420 N/\ \
g 410 N NH,
=
2 400 TS
£ 300 hd
2 380 e
° oo Y1 —OCH;,
370 Y2 —H
- - Y3 —F
-0.4 -0.2 o 0.2 04 06 08 1 Y-4 —ClI
Electrodonative ap Electrowithdrawing Y-S5~ —COOC,H5
Y6 —CN
Y7 —NO,

Fig. 6 Absorption maxima of APA-dyes in ethyl acetate.

3.1.2 p-fiNEHRE & AERFHORF
APA-fLF DYV 7 VS L OEIRIE & B (G O R
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EYOMRERET L7z (Fig. 7)o 3T L HMBIZR %
WS, VTV EOEREDOBEFWEIEN K E VI

E, BREUNEL 2 EAFH L Ebr o,
J'Dﬁ%’é}iﬁ“ﬁ‘, AL B CH L7200 L EZTWD
100
S o -
g % ° ¢
ER . v
o 30
2 75
Tg 70
S 65 @
8 0
=4
55
-04 02 0 02 04 06 08 1
Electrodonative op Electrowithdrawing
. ——
fuluorescent lamp (17000 lux)
1 week, DO=1.0

Fig. 7 Light-fastness of APA-dyes.

3.1.3 APA-BXRNOXEAIL

D lolsrs, Y7 VRGO ERES L CTp-= b
O3 A RIS UL, FE S 2 &I FEOWIUR K O R
iﬁftﬁ%h‘%@$‘lﬁ%ﬁﬁfgé:kﬁfbﬁ‘oto X

S, M, mEEL KL T, Er0BEHRLEORK
WAL ZAT e WEHBZELZEE L2, D2T2 R TIE,
BOMFEOREGICEDA 72— bS5 DMEON
WEiE=, BEEOBREOREHLDOFERIC L B BKROM
NS IT IR IND, ZD720, HED APA-L# % Fi%E,
FEHLLTw5D,

3.2 vECABEDRHHE

D22~ ¥y 7faFEL LT, ~"Ta7 V7= &
wFE, TUNIR I CREEIISR TV Y, bitb

i, SIEGE TR - 2HAM 2 G2 LEEE1T 29 2
LiZL7z, D22~ ¥ Y ¥ FEL LT, Ytth 7 —H)
B CERL SN TV LWIEES Y v —T 2T
OhY) 7= VT RATF (pyrazolotrlazole azomethine)
mF (LE, PT-EELMT) ZRL2Y 9, PT-fy
FoMEERT (Fig.8)o

Rg
N N
}\l_<
Rs

Fig. 8 Chemical formula of the Fuji magenta dye for D2T2 system.

717 —EIERC T, BB Aﬁéhfb>éij7
T—k, WHRIZEEINTWS I T —H1§ T3
NI BB TRETEOBRERI L, TORE, PT-@

FxHKT 5 (Fig. 9), TD720, $UHEETIE, 77
T =8, FFE L B RO BT B L E 5§
B2 RELGIFIDVH Y, PT-BFEOREEITRE S
TWwWb, —F, WX LT, D2T2 iR TlE, Fo,
h 7T — LB EE S S TERE L PT-BE K
EFHAT 5, o T, REGZEOYLALITRLD,

D2T2 A TOPT- L, Faet O HHENILD 5

COHMHERFEIL, MEMEEZRS Z L1272,
Rg

o - Re P —BREEHS

HZN@N —. Rs

\N\ NH HS—BREE i | R7

N= N A R
Rs " \ :<
RERERE N
=1 5—

SRRNTZ nr—msfe  [PISER

Fig. 9 Formation of a PT-dye via chromogenic development in
photographic color printing paper.

3.21 EEBFMHOML

SRS ETH W S T B Bl 2 i o PT-1 3%
122V, D22 N COFli 24T > 72 L 2 A, #h
B E R L2, LA L, BEREMEFHEMIE W
DDTHo72e FD728, PT-LEOEHLICIE, JHER
EHEOYLEPRKDORE L 7o 72,

(1) PT-&FDER{LENR & HERFEM DR R

7, PT-e R OBRILEN & R EEDOREIRIZOWT
Rt L7z SO TEMBEREZ LT 55D PT-
BEE AL (Table 1), ZONERBEWEZFHM L7,
LT, PT-taZDERILEN & D2T2 1§ H T DL

Table 1 Structure of the PT-dyes Investigated in the Study.

Dye No. R4 RS R6 R7 R8*)
M-1 —CH, —CH, —C,Hg —CyHs —CH,
M-2 —CH, —CH, —C,Hy —CyHy —OCH,
o
M-3 -, YW —CyH, —CHs —H
CH,
J

M-4 —CH, —CH, —CHs  —CH,CH,0COCH, —H
M-5 —cH, —cH, —CHy  —CH,CH,0CH, —H
M-6 —CHy —CH, —CyHs —H —H
M-7 —CH, —CH, —C,H;  —CH,CH,COOCH, —H
M-8 —CH, —CH, —CyHs —CH,CH,CN —H

CH
M-9 \© N —CyHg —CH,CH,CN —H

CH,
M-10 —CH, —CH, —CyHs —H -F
M-11 —CH, —CH, —CyHg —CH,CH,CN —NHCOOCH,
CH \/\ —CyHg —CHs —CN

M-12 S o

CH,
M-13 N —CH,CH,CN  —CH,CH,CN —H

c CHy

*): TYAF EDo-fLISEBRLTNS,
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HORRE F L o7z (Fig. 10). ZOFREE, BALEM A
HTHHMEIERRERSEH I Ebhotzd, 2
D LI, ZEHTOPT-THE DR e A BRI 7
IR THAHI ExRBLTBY, 75 —HIEHKFTE
WS A PT- B DTRIL B TH B 2 & RIS 53
ELAEBLTWDEY, EOMLEMZA LSS0
W&, BUGFEETSICETWROIMEREZEAT LI L8
HEHTHo720, LhL, BFRSIMEOEAL, T
PR K EOEEEAER W, 2020, HikEl
RITBWE TR0 7T =85 (Re) 127 2= V3%
MATAHILIZE T, EOWIUEKEE~NHIET
LI ENTERY,

100
90

80 ‘_._.;

70

F A4

60

50

40

Residual dye ratio (%)

30

20

0.7 08 0.9 1 11 1.2

Oxidation potential of PT-dyes in CH3CN (V vs. SCE)

Fig. 10 Relationship between the light-fastness and oxidation
potential of PT-dyes (on the image-receiving sheet, exposed
to a fluorescent lamp (17000 lux) for 1 week at Do = 1.0).

(2) PT-8FDILFEEM & ARF DR

D2T2 BT 5, PT-fEDE D VAREE D
FRPE & BB IZOWTHRE Lz, ZOE, HEDN
Booih, FIZFABMOOCERTIE, 77 —HEHR
B (FFICR) DVAEKBEEDOREIRKEVITLE, JBEE
BTN T L b ozd 5,

F7, COMFOE, BRI T 2 VEKTH DY
G, HENMNDo-MICEBRIEZEAT L L, RIS
S =AM G EEST, bbb, ZoME%E
FMHEL, EHPT-aFZE0H 7o —#HoEikits LT,
e COCEREMEICEN, WIPETEA Y v — 7 7% o-HAL
T xS VEEREIRL 7Y,

3.2.2 PT-BFRANDARBERHILFEZEDZIR

H T — VBT, PT-fo R B H OA%) % et bk
FOBERE SN, ERLSATYS (Fig. 11) 9 10, b
bk, ZomA s iRl sZ e xHEY
2, ZERE AN LA ORIMERE 47 7% - 729,
Lo L, fapibshRiEfnwdoTho7z, T,
7 —HIEAK T, SEapiikAl & PT-thk & 2SH i
T A BREAN T 7R IS E T 2015 L
T, D22 i o Zg@hcid, mELHEEHT SIS
T EOBE LR 2RI TE RN DOTHL EE
Zlzo bbb, EHLEEOBEIERER (X M
V7 x /XM & PT-OEOSTNIIEER G THER
THZEEME L (Fig. 12), ZOHEE, RO B

B IR R 2 L AR L 7Y, 0%, F
M H» s, ek toBarhibdzg, O/r®E
DERALEN E BB IR OBRILEMNOEI KT VI E
ml bk, QEEIR-RBREIEEBERESEVWITE
IR NE L b I E LN Lz, 512,
SR IIRAT A S, (EFIRERE SO W TE R AT o729,
9 CIC, PT-faZ O NEE AL B R 2 w8750 5 O b
THbHIEMFEEEINTVSE Y D2 R ITBNTH,
SRR A I 3 PT- B E OB A b AR, BB FH IR
A 2 AR Z T B 2 12 & o TR A IER) F 28
FBHLTWEEEZTWS,

H3C. CHs
)~
RO Q .O OR
RO
HsC CHj

Fig. 11 Chemical formula of the light stabilizer for PT-dyes used
in photographic color printing paper.

HC. N&i%m/c2H5
3!
)—f\ }:HrcH2
No A
NN
h—
*OOCHS LS-group

Oxiditive potential  Rgidual dye rate **)
f LS-gi ;

of LS-group
Dye No. Ra RS in CH:CN # (%)
M-14 —H —CH, 30
. [

2
wiow epo o ow
M-16 —H 7L7CHZCHZCH{04® L75 2
M-17 —H 7L*CH2CHQCH[OOOCH3 1.25 85

9]
M-18 —H 7L—CHZCH20H2—0(}O 115 86

M-19 | -0 )-0cH, —CH, 125 86

M-20 *OOOCH: 7L70H20HchfoOocH3

1.25 87

[o] *:Vvs. SCE

. 7
Sy eyt **: fuluorescent lamp (17000 lux)
e, M 1 week , DO =1.0

Fig. 12 Effect of light stabilizing groups introduced in the dye molecule.

3.2.3 PT-&8N9Fi%st&EAL
INF TR PT- B FE OB IS A M H %
WL, ERAPT-aR 2 L7z, FEALPT- D
SRR OE Z )i £ w7z (Fig. 13), PT-EORE
O, R AEA Ly A 7 Rl a7
HTWIA T e, HROBFEEZFZEALL TS,
EFRSIHEER

HOBAIZLD
BILBHOET

RIRRRI L
Dr—T 1k

TRAIRAB K e D
RiERIE l@

So— TR
ERONTS—
BHORE

REFHLEOE
Al2& B BRE

Fig. 13 Molecular design of PT-dye.
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3.3 Y7 BaRORRE

YT vRFRELTE, FIL, TN IXR S UARBEK,
Tz /)=WA Y T2 RBHE, 7 b=V F
7o) saESHVSN TV Y, bitbild, #5—
FIBK CERLEINRTWDS, BWEgEREHEY 7 v mET
HbHTx/)—=A 2 RRT7=1 Y (phenol indoaniline) ff
# (LIg, P Emsd) % D2T2 ISR $ 2 st
THEICETFLRY, PLaFoME%2RY (Fig. 14),
7T —FIE#KO P63 & 13 R, K& &S
WEETH S EE, PT-ROYELFELETH 5,

3.3.1 PI-&8%

PI-ta3&ld, BEMI 77— OB AR Z v THE
TREPOZMCHEESTETH Y, BHENNTTT 1 —
ErpEEREHNICREL TS E oz X ) v b
M5 (Fig. 14) PIFEOFMRE L, OV LERE
HOMER. @K OEHIE (Ro, Rio, Rii, Riz, Ri3)
DRI L 2B, MEMEOML L, B O %
Tdhbo PIEFEOREH % IRIL ATV, JEERAM,
W T, wEER L, RO LM HEE %

L7z,
I8 /

e fow RESHALTUHT5—
14 N\n/Rm
(0]
Rg: i OH /
N Rig NH,
=z i Rg
N IR X \
gk
AN
RiZ™ Ry

D2T2AY 7 %k
BEEEHSD \ /

Fig. 14 Relationship among the Fuji cyan dye for D2T2 system, the
cyan coupler and the dye resulting from chromogenic
development thereof for photographic color printing paper.

3.3.2 AT —EHOBEBREDIRE

BEMIT Y h T —OWMRIZBWT, 7175—#k6
Lok (Ris) 1, HEETTHL D005, KRE
TTHLHDO LB L TRBRERIENL Z LS
NTW5b, AEOKE % D2T2 X Tl o722 5,
D2T2 AT AERDFERPEO N2 s, PIE
%I 7T — 6 MR R T EHRA IR ) AAT
R Tt SRRl

BT —OT NV HEIL, PIEFEORIEIICA X
BT, TOVELNTLUFLAILRZNLETH D
PI-fa 3513, WURAKEESEHEETH ), HRGEHO
MBI, T2, 7TV = VBIUOATFOEI VR
ZWHEDOL DR, WIUBKEREPERETH Y, BH
D DOBER I L -RIEETH S (Fig. 15) .

77T —EDT L IVIEDOREE & PR OSBRI
ODWTIHRF L7z 2 A, Z7UNE VI VEDLH
AT OBRED, EEEICER TSI E 2 R L
7z (Fig. 15) o

CoHg™ CoHs

Dye No. Rb (/\bs;)rp&ion max*) Residual dye ratio**)
nm
C-1 T 636 91
R
c2 ™ 638 91
P
C3 —CHj, 625 88

*) in AcOEt

*#*): fuluorescent lamp (17000 lux)
1 week , DO = 1.0

Fig. 15 Light-fastness of IP-dyes.

3.3.3 PI-&8%NOXEA1L

DEDEMHMENS, 2—F—DEEIZLNR 572
WIZGFEt TR, BBOBREZRE, EMLL
TWwWb,

4, £&O

RPETIE, FVHT—=T) ¥ =L LTCERIE
Lvy, D2T2 A 0 3 A EFITE Y A A ZZHGN,
FEaE PAC M L7283 i m s > W TRl L 72, B
G CRE o T2 TREERTHAN, AR B 2 L,
PR D22 it E 2B L7zo 4512, 7 T —EIE#HKO
o F AT Ix, D2T2 e OFHAOFUMEL D, £ <D
MAZEPT LB TE, —J, D2T2 HaiE,
BEHERZ), ALFESETICEEHIREZET S &
THHT 5720, EETAESLED S T —FHIEHKO I
TR LR L, ARG TRITOBHENIKE {,
ZOHHEZFREL L TOEOMERM LEZERT 52
ENTET,

AL = - OBELZIIET 5 720, (LEhSET &
EEBZE TR, BED L LB MmE T B LINGE
Bt o T\ b,

BT AV LA, BEE TR - 7ot R 7 B
WL, 2—F— 2R L TWaZ ) a8 244t L,
HECEB LTSI ENTEL EHELTWS,

SE XM

D a) AEAR. HARBESSEE. 68(5), 357 (2005).

b) REFHM, JUREER], WHEE. HAB AR
68 (5), 363 (2005).

2) 7V v I AYTFTFH ST 74— VP-8000, 8100V —
ZADA > y—r (19924E5858) (M L7z,
7S, HRE, FHFEER, ARFE—. Foll
BT aIT 77 Ly AEFEE. 9-3 (1992410
29,30 H, HARFEL - fHA—)b).
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UDC 621.397.422 + 771.537 + 681.3.06

KB DSCHGHiE, 5 O HERENEZ[EL T 5
WS E A “iAgent” DI

Ppep BB, IE BT, N JEEEx, W

LY/

“iAgent”, an Image Recommendation/Rating Technique Enabling Automatic
Selection among a Large Number of DSC Image

Shunichiro NONAKA#*, Yuko MATSUI*, Mitsuhiro UCHIDA*, and Norihisa HANEDA*

Abstract

Most of captured DSC image date are not outputted with only few being printed in the form of hardcopy.
One reason is the time and labor required for selecting frames to be printed. Thus, to promote the use of
digital images, we have developed a new image rating technique called “iAgent”. First, DSC users were
classified. Among various classes, a class for young family having the youngest child before school age and
being the most active DSC user class was chosen in the present study. Their behavior of selecting frames to
be printed was analyzed by direct observation and interviews. Basic four steps were extracted and logically
implemented into “iAgent”. More than 60% of users are satisfied with the selection result of “iAgent”.

1. (FUBIC

WA, TV A AT (LUF, DSC) O KIZEW,
— L —IIET AEIED Y 3 v N RL Tw
o — N, WMESNLEEONRE L L, kLD
DAEWLHERR— = TOED-ODOWE R &
M2 TBY, i ay VRICBUT L2 —0T
VU bR EORNEM#ZEL Y 3y NMEOTH©® B R
KELIETLTWS, /72, DSCEZRHH LA,
DSCHHE D S b L < 1 PC OMHE 72 & CTHI{E DN
BEWRTE D720, HRWIZTY ¥ b OLEEIMK
TLTW5,

bivbiud, ToL) 2RNICER, 7757 Vi
OFIEH ZRET 720 OHAM & LT “iAgent” % [%
L7z iAgentid, 7Y ZIVEIED [ A~ ] [FEEE]
[N OBEOES] WA K7y - 7Vv] [&] Ol
Hb, =2 EoTOTFTY 7 IVIEEOMEZ B E)
SIS AFHAMTH %o iAgentld, BT 57T ¥ IV
DA Z—FHSFE @ L 72 % 2 589 128 IR
TEAHWMMPWERTH Y, 7V 7 VEROEIEOFIE
HICB A 0EEHE LTEDS TSNS,

KEETIE, iAgent DBFEDE R, FAFOFNE, Hilk
DM ERE, AHOEICOWTHIT 5,

AREEHeAaR S (#2006 412 H 4 H)

FELT AV L (BR) R&DFEHEAED
VIR ITEER YA v FaR—T 3 L
T 351-8585 i L UREAREL I ALK 3-13-45

* Business Incubation Division
Software Development Division
Research & Development Management Headquarters
FUJIFILM Corporation
Senzui, Asaka, Saitama 351-8585, Japan

2. iAgentFHEDE =

Ji4E, DSCOERIZE, AT 1BEH) OWRE
Toa v MRIISRIE S A FR & i LR3I R L
Twhb, L2L, —FCTHog LG 272 MRGFLC
BLOARTHEBWIZAEH L Z2Wnbw s [ &
NhAvay AL TEBD, DSCHLIZASDL
W ORGS0 7% ENTWDE EIZEVAT72 vk
WTH 5,

Zo [E] ORERIEKEE > TWDHDN, Flih
P8 72 W (R % RIS 2 TR TH L, BAREIED
5HMICAEFKLHEG L FHIETH T FEFSFEL
HFIEL WD, BEOFEHPHEINTVEDT
H %o DSCHsZ B OFNEHICE T % 2 — FATE Ol
& LT, DSCIRFEM{ED 7 ) ¥ MIBHCE T 52—
TAAER Z Fig. 112/RT o Fig. 15 bhb L)1, 7
) NED S DL IIEROMTEE 5O LD, F
D) BREED [7) v PIREEE % BINT 5 TR
DIEBEDT=DIZT ) ¥ M EAT R DN T WD,

CORMEITH T H72012, 22— 20
GOHBERE V) ERERAEILETH L, & DO
AT, bitbitidiAgent DRAFIZETF L7,

DSCa—# £f{&
|
|
TYURER
T RERBY (#7E) L
($93%1)
T)oka—4 jlﬁ?fz’%ggl)
o) |~ e

Fig. 1 Classification of DSC users.
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Fig. 2 Structure of “iAgent”.
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Fig. 3 Example of event categorization.
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Fig. 5 Example of frame-to-frame similarity.
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Fig. 7 Frame evaluation in terms of brightness.
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Development of Vapor Deposition Type Imaging Plate (FOCUSED
PHOSPHOR PLATE-200) with Columnar Crystal Structure

Yasuo IWABUCHI*, Seiji TAZAKI*, Hiroaki YASUDA¥*,
Atsunori TAKASU**, Yuji ISODA**, Makoto KASHIWAYA*** and Yuuichi HOSOI*

Abstract

In radiographic diagnosis, X-ray dose reduction is a consistent target to be challenged. With this aim, we
have developed a new Imaging Plate (FOCUSED PHOSPHOR PLATE-200) having a columnar-structured

phosphor layer.

The columnar structure, which plays the role of light guide, makes it possible to improve X-ray

absorption by increasing the thickness of the phosphor layer without accompanying sharpness degradation.
The FPP-based system (FUJIFILM DR PRELIO U) proved to have a DQE value twice as high as that of the

existing system (FCR VELOCITY).
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2. FOCUSED PHOSPHOR PLATE-200 MDFE%
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Fig. 2 Schematic diagram showing the spread of the excitation
laser beam and the PSL blur.
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Fig. 4 Luminescence and excitation spectra for two kinds of
phosphors.
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Fig. 5 Columnar structure.
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Fig. 6 Dependence of PSL on the phosphor layer thickness.
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Fig. 7 Dependence of PSL blur on the phosphor layer thickness.
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Development of Astaxanthin Nano Emulsion
with Improved Shelf Life and Enhanced Absorbability

Manabu OGAWA*, Masao SATO*, and Keiichi SUZUKI*

Abstract

With the nanotechnology that FUJIFILM has cultivated for years, we have built up a novel concept for
total health care including formulation, targeting, and delivery (FTD). Base on the concept, FUJIFILM

developed a new astaxanthin nano emulsion useful for various healthcare products. Formulations using this

type of emulsion exhibit the utmost efficiency in the absorption of health-promoting astaxanthin. Though it

is known that astaxanthin is readily oxidized, an excellent combination of anti-oxidants has been established.

Further, by optimizing the surface adsorption layer of the anti-oxidants, we have succeeded in effectively

preventing the nano emulsion droplets from coalescence for extended periods of time.
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Fig. 1 Effect of the emulsion size on the absorbability of
astaxanthin.
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Fig. 2 Effect of the emulsion size on the ease of oxidation of
astaxanthin.
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Fig. 3 Effect of anti-oxidants on oxidation retardation in the
astaxanthin nano emulsion system.
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Fig. 4 Effect of sodium ascorbic acid concentration on the size
stability of the astaxanthin nano emulsion before
optimization of the O/W interface.
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Fig. 5 Effect of sodium ascorbic acid concentration on the size
stability of the astaxanthin nano emulsion after
optimization of the O/W interface.
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Fig. 6 Model for the optimized O/W interface.
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Fig. 7 Size stability of nano emulsion after optimization of the

O/W interface in comparison with that before optimization.
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Development of Astaxanthin-based Cosmetics

Tatsuo KAWABUCHI*, Toshiaki KUBO*, Atsushi ORIKASA*, Mario AOKI**,
Yoshisada NAKAMURA?*, Hirotaka MATSUMOTO**, Manabu OGAWA **3*,
Kouzou NAGATA*** and Yukio SUDO*

Abstract

Astaxanthin, which is a natural carotenoid, is well known as a strong singlet oxygen scavenger. The
purpose of this study is to demonstrate the possibility of preparing an astaxanthin-based, transparent
cosmetics. Transparent astaxanthin nano dispersion has been achieved with use of FUJIFILM’s proprietary
nano emulsification technology. This dispersion exhibits excellent light as well as heat stability sufficient for
cosmetic ingredient. Its antioxidative ability was confirmed by comet assay (in vitro). A transparent lotion

containing astaxanthin was successfully realized with use of this astaxanthin nano dispersion.
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Fig. 1 Astaxanthin.

ReEPchram L (ZH 200741 H15H)
*ELT7 AL (BR) R&DFAEALD
T4 7% A 2 AWTERT
T 351-8585 i RILEHETTAR K 3-11-46
*Life Science Research Laboratories
Research & Development Management Headquarters
FUJIFILM Corporation
Senzui, Asaka, Saitama 351-8585, Japan
ELTANVL (BR) T4 7 A T ARER
T 351-8585 Hp RILEIEIA K 3-11-46

** Life Science Product Division
FUJIFILM Corporation
Senzui, Asaka, Saitama 351-8585, Japan
w7 AV A (BR) R&DFEFEAES
I 4 74 I AR
T 250-0193 Az IR AR T i 210
*#**ife Science Research Laboratories
Research & Development Management Headquarters
FUJIFILM Corporation
Nakanuma, Minamiashigara, Kanagawa 250-0193, Japan

30

T AL FY 2 F GBS DITE



%@%&%Wﬁﬁk%<&ﬁ%%b EEEMLC, B
, bt e ENOICHERPAHIRFE I TWwD, RIA
ﬁﬁﬁéh&w% LLTIE, ¥¥3IrC, E¥ I
EHX, #us /4K, 79K/4F, R)7=/—
HEWEZLTHHED, TATZFH U F LIRS 0N
{LE D% T, FI, —EHMEEOHEERIIDVIHEE
ZENTW DGR fhﬁ"fzk SNTWw5h
—HEIAMBREE, BE (ZEH) 2U0VELSICEDE
BT 5T EIZE D EL LD E TR SR O —1E
THY, FERLEAEDONKRILIZEG L TWwa I L
HOENTWE, TAYFH U F %, —EHBEELD
IANVF=FRILL, ZDIANF—%BBEMOET
s 5720, LFMatgE Il a3 E%<
EMMEMLZIGESELIENTEL, 2L, 5fF
EAEO MO EREMSE (e Faxs 7900, A —
WN=FFH A FT7=4V) OFEHEBLEIIRZ->TH
D, BUPEREAIEZEZONTWD,

10y* + Astaxanthin — 30, + Astaxanthin * (JFIiEIRAE)
Astaxanthin * — Astaxanthin + A (#&)

—EIHERE, RO HRLIME L LT
R, bUWONEEMBRETHKILTE/WETHY,
T 72, FOREEMN O EEORENSFATE TV,
%5w5ﬁﬁ#%&n£ TAYEHFUidbb

R LARTWYETH - 72,
i%ﬁfi,t%t$®ﬁ%ﬁ®WE%5ﬁt&%
NT—BHEMESELLZEPMON TS, TD—
FEHMBHRIL, A7 VEAMBERMLTAT = VE
AEHEmT A LI, LoB, L&, (TA%

BMEELERE L > TwD, T2, RENTOYA
A
(ag—r>ril), KA
WLsE AL L 3T A% T
BYTDERNE LR > T EwnDb

, THIAEEE, KFoKEL

M AV, ERESREBEREEOEE Y
XY, EFhoy s g

Wb, HBET A LIZLD,
&L, EVWHEIC
NTwb, 2OLIHiC

Fig. 2 a) Astaxanthin production plant. b) Haematococcus pluvialis culture (green stage).
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Fig. 3 Comparison of astaxanthin dispersion transparency ;
3-a) Astaxanthin nano dispersion. 3-b) Astaxanthin dispersion.

Staxanthin

Fig. 4 Single cell gel electrophoresis assay of UV irradiated MOLT-4F.

d-) - Astaxanthin

Cells of MOLT-4F were exposed to UV with (4-a) and without (4-b) astaxanthin nano dispersion. UV irrdiated MOLT-4F cells are
embedded in agarose gel on a microscope slide, lysed, electrophoresed, and stained with propidium iodide. Damaged DNA
migrates from the nucleus and formed a shape of a “comet” (4-b).
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Fig. 5 Effect of APM on astaxanthin degradation (5-a. 40°C 5-b. 50°C).

A : Astaxanthin dispersion.

B : Astaxanthin nano dispersion (with APM (Mg Ascorbyl-2-phosphate)).

Fig. 6 Astaxanthin cosmetic (A trial cosmetic with use of astaxanthin nano dispersion).

hem  (BOT)

Fig. 7 Comparison of heat stability.
A, B : Commercialy available astaxanthin cosmetic.
C : Astaxanthin nano dispersion-cotaining lotion.

Dirys (3000

Fig. 8 Comparison of light stability.
A, B : Commercialy available astaxanthin cosmetic.
C : Astaxanthin nano dispersion-cotaining lotion.
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Development of Process-less Thermal CTP Plate “PRO-T”

Akio ODA*, Tomoyoshi MITSUMOTO**, Akihiro ENDO*, Kazuto KUNITA*#*,
and Hidekazu OHASHI***

Abstract

Environment protection activities are becoming more and more important for printing industry. In plate
making, reduction of chemicals and wastes is demanded and practical process-less CTP plates are strongly
expected.

We have developed a new process-less plate “PRO-T” to which FUJIFILM’s on-press development
technology is applied. “PRO-T” has a higher sensitivity and a wider latitude for printing performance than
the competitive process-less plates.

In this report, four technical topics associated with “PRO-T” will be described; the on-press development
mechanism, removal flow of developed fragments on press, highly sensitive thermal polymerization, and

visible image formation from a colorless precursor.
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Fig. 2 Three levels of environmentally friendly printing.
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Fig. 3 On-press development mechanism.
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Fig. 4 Blister formation with water permeation.
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Fig. 5 Possible fates of developed fragments on press.
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Fig. 6 Thickness reduction in the oxygen barrier layer.
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Fig. 7 Layer structure of “PRO-T”.
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Fig. 8 Mechanisms of polymer image formation and visible image
formation.
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Moving Picture Simulations with for Image-Blurring-Free LC TVs

Nobuyasu YAMAGISHI*, Yasushi TANABE*, and Hideyasu ISHIBASHI**

Abstract

We have developed a moving picture simulation tool based on the occurrence principle of motion blur on
LCDs. It was shown that the effects of high frame rate driving and pseudo-impulse driving as moving picture
improving techniques can be predicted quantitatively by using this tool.

Further it was shown that the moving picture performance is considerably improved by applying the
above-cited improvement techniques. It should be noted that, even when the improvement techniques were
adopted, the response speed of the liquid crystal is critical. Accordingly, the OCB mode with fast responsive

capability is most promising in the near future.
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Fig. 1 Outline of the present simulation method.
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Fig. 3 Edge blur curves for black-to-white switching (calculated).
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Fig. 6 Simulation result for moving picture perception on the ideal
system (Black data insertion at 120Hz).
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Study on the Models for Optical Properties of
Photo-Induced Biaxial Cholesteric Liquid Crystals

Ichiro AMIMORI* and Satomi SUZUKI*

Abstract

Two kinds of models for optical properties of novel photo-induced biaxial cholesteric liquid crystals are
proposed. One model based on the form birefringence theory, which is valid in the case where the
cholesteric pitch is much smaller than the wavelength of light, describes three principal refractive indices of
a deformed cholesteric structure with deformation parameter A, extraordinary refractive index n. and
ordinary refractive index n, of the liquid crystal molecules. The other model based on the Berreman’s 4 X 4
matrix method and capable of strictly solving Maxwell equation describes the wave propagation in deformed
cholesteric structures. The solutions from the Berreman’s 4 X 4 matrix method for small pitch cholesteric

structure case coincided with that from the form birefringence theory.
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Fig. 1 Mechanism of photo-induced biaxial property development
in deformed cholesteric structures.
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Fig. 4 lllustration of a layered form birefringent medium.
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Study on High Recording Density of Barium-Ferrite Particulate Media

Hitoshi NOGUCHI*, Takeshi NAGATA*, Ayako MATSUMOTO#*, Yasushi ENDO,
Takeshi HARASAWA*, Masahito OYANAGI*, Naoto ABE*, and Shinji SAITO*

Abstract

A magnetic recording medium with an ultra-thin magnetic layer containing fine barium-ferrite particles
with high-coercivity was produced by using advanced dispersion and precision coating technologies. Using
a giant magneto-resistive head and a partial-response maximum-likelihood channel, we evaluated signal-to-

noise ratios, byte-error rates and pulse widths. The results indicate the feasibility of approximately as high

as 16 Gbits/in’ recording density.
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Table 1 Properties of Barium-ferrite Magnetic Particles and Metal
Magnetic Particles.

Barium-ferrite Metal
A (for Tape) | B (for Disk)
*Size (nm) 21 21 45
Volume (nm3) 2100 2100 3300
Coercivity (kAm) 160 209 168
(Oe) 2010 2630 2110
o's (Am?/kg) 50 46 110

*Size based on plate diameter for barium-ferrite particles, and maximum
length for metal particles.

N

r
!t. ihi' 2
hy l‘l!‘.‘
3
£ b A

Fig. 1 TEM image of barium-ferrite particles.
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Table 2 Properties and Layer Structures of the Experimental Media.

Media form Tape Flexible disk
Magnetic Particle Barium-ferrite Metal Barium-ferrite
A B
Media layer structure
Magnetic layer thickness ~ nm 65 100 80
Under layer thickness um 1.5 1.5 1.0
Base film thickness um 6.0 5.2 53
Base film type PEN PEN PEN
Back coat thickness nm 0.5 0.5 None
Media characteristics
Hc kA/m 150 188 197
Mrt mA 2.9 19.7 4.3
SQ 0.4 0.8 0.4
0eQ, 0.6 0.3 0.6
Ra nm 2.0 2.5 3.0

**8Q|and SQ, are squareness ratios in the longitudinal and perpendicular
directions, respectively.

— RIS, PR TR IR R D AT VW 2 12
AL TH B o FFIZ, BaFe BEMERIIMCIRT
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Fig. 212, 4TRSS (AFM) %% Fig. 312K L7z,
Bk T~ BaFe B ¥ A — 1208 Eb SN TH Y, MP
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PR oy
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Fig. 2 Surface SEM image of the barium-ferrite tape.

Barium-ferrite tape
Ra: 2.0 nm

Metal tape
Ra:2.5nm

Fig. 3 AFM images of the barium-ferrite tape and the metal tape.

%72, Fig.4|ZBaFe7— 7D TEM IZ X 2 W5 E %R
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Barium-ferrite tape

Fig. 4 Cross-section TEM images of the barium-ferrite tape and
the metal tape.

2.2 BHEBFHORES &

KFETIX, FILATAZIZL AT — 7L,
187+ =L 77205 —DTLFITVERTA AT R
TATICLBHRT A AV TR o720 TNEN
DRI T L 725N v KOAERE% Table 3 1278 L
7o AYESG L7271 A7 RSN Y N, 7— 7R
KNy FIZHARTRFOEALBEI P E, HENT Y
JWEARE, =)V FEERESE W &, SR ELHE
DRT Y VaEDLDLOIZH L TWab,

Table 3 Head Specifications.

Test Head 1 Test Head 2
(for Tape) (for Disk)

Recording Head

Head type Metal-in-gap Thin film

Write track width um 20 0.42

Write gap length um 0.2 0.13

Write pole Bs T - 1.8
Playback Head

Head type GMR GMR

Read track width um 1.5 0.28

Shield-to-shield spacing | um 0.16 0.13

FJ LT AZIZ L DR T — 7ML, AXZ +T 24
TFIAFZHNTY ZFI - )L XART kT 5%
5 L, SNR I 200KFCI D155 i) & 075 400KFCI D
/A XEDTE Lz, 72, Ik TY
FNEFTaAa—FI2X B 333KFCIES 2L, Wk
Ko flilg % PW50 & LTHHB L7z, B, 7—7&
A~ R ORI EREE L 2m/s TREM % FEhE L 726
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Fig. 5 Signal and modulation noise spectra. The SNR of the
barium-ferrite tape was 23.5dB, and the output level was
-20.5dBm. The SNR of the metal tape was 14.5dB, and the
output level was -21.8dBm.

Barium-ferrite tape
Fig. 6 MFM images of recorded signals at 200 KFCI.
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Fig. 7 Isolated pulse waveforms. PWso of the barium-ferrite tape
was 172 nm. PW5g of the metal tape was 279 nm.
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Fig. 8 Frequency response of the barium-ferrite tape and the
metal tape.
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Before waveform equalization (Pre-amp output)

After waveform equalization (Output after FIR filter )

Fig. 9 Barium-ferrite waveforms before and after PRML channel.
The preamp output gives an asymmetrical waveform,
which becomes more symmetrical after FIR filtering.
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Fig. 10 SNR versus linear density plots for the barium-ferrite disk.
The SNR of the barium-ferrite disk at 350KBPI was
19.3dB.
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Fig. 11 Byte error rate versus linear density plot for the barium-

ferrite disk. The byte error rate of the barium-ferrite disk at
350KBPI was 8E-4.
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Surface Graft Polymer Interlayer as a Means of Improving
Adhesion of Copper for Fine-pitch Printed Wiring Boards

Koichi KAWAMURA#*, Hiroshi SATO*, Takeyoshi KANO¥*, and Mitsuyuki TSURUMI**

Abstract

Today, fabrication of fine-pitch wiring board (PWB) is a limiting factor for downsizing electronic
devices. In order to break through the limit, a new process to form a conductive layer on a smooth dielectric
substrate with sufficient peel strength is required. We report here on a novel surface photografting-based
process to form a highly adhesive copper layer. A thin layer of photografted polyacrylic acid was formed on
the surface of the substrate, followed by adsorption of silver (I) ions. Via electroless plating, the adsorbed
silver ions were reduced to form silver nanoparticles which function as an adhesion promoter between the
substrate and a copper layer to be provided thereon. The sample obtained by subsequent electroplating

showed sufficient peel strength as large as 1.1 kN/m.
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Fig. 1 Road map for semiconductors and packages downsizing.
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Fig. 2 Cross-sectional view of a PET film photografted with use of
acrylic acid.
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grafting of acrylic acid.
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Fig. 4 Structure of the copolymer with an unsaturated double
bond in its side chain used in the present study.
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Fig. 5 Copper fine pattern obtained by direct metalization.

FROFBEE, EHIHEEER T A e LTI
BTV DLA, HEMO > ZLZTTHEDITTnE20
210 u REDEZRD B 5 80 % LT 5 11 RIER % 4
W4 h, 22T, EADH LMl VLELRHEIZIZ,
Fig. 6 |Z/RL72& 912, 5, @EICELLF T 7 M &
LICFRT 721, BEMO-> XX THAEICD > &
AT o TCL YA MY =V EEHKL, KRiZ, EXD-
XETR)ZETERDD LI/NY — 0 2G5 T DT
&bo L7245 — > DSEMEE (Fig.7) 75,
FTA VG0, BEI0 u HTEL T &%, FER L,
F 7o, WEOBEBEZ, WIS LG E— L
KPS EHNIC T E—VIREIESN L 2 & =i
AL T72, SOV FVOMEEE (Fig.8) 75,
FEAR /SR FETE 12 1E 10-20nm FEFE D F Bk T35 AE L T
BY, EFVREMEM, —EEGEATAR) v —&ff
ML7ZRTY, REMNEDTF /a3y RY v MEEIEA
BHOBBEE LR LW L ifEES NS,

Polymer coating

l Uniform Electroplating
exposure l of Cu
l Electroless
Cu platin:
_P g ReSiSt
removal and

seed etching
Photoresist —W—

l patterning

B

Fig. 6 Steps for copper pattern formation using surface grafting
coupled with photoresist patterning.

Fig. 7 Copper fine pattern obtained by surface grafting and
photoresist patterning.
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Fig. 8 Cross-sectional view of a film comprising a final copper
layer and a photografted polymer layer.
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Effect of the Liquid Flow inside the Upstream Coating Bead
on the Downstream Meniscus in Die Coating

Atsuko OKUDA*

Abstract

Behavior of the downstream meniscus is critical for understanding the low flow limit of die coating. In
this paper, we measure the pressure difference across the downstream meniscus and predict the profile of the
downstream meniscus using the Laplace theorem. Comparison of the measured pressure at the downstream

meniscus with the theoretical value verifies the validity of the Ruschak-Higgins model which determines the

low coating limit in die coating.
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