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Development of lightweight and flexible Dye Sensitized Solar Cell

HH OET HHE B K Hik
YOSHIDA Yasuko NAKADA Yuichi HONBQ Eiji
il %— FiE FES =k AhIA
YAMAZAKI Sigekazu TERASAWA Takashs TAKABAYASHI Sotohire

Abstract

The lightweight flexible dye-sensitized solar cell (DSSC) using plastic conductive electrode enable drastic of solar cell
application. The conventional electrode manufacturing method is not suited for plastic subsirates because of the

requirement of high TiO2 sintering temperature over 500°C.

In this study, we investigated the heating methods using microwave or infrared ray to produce effective TiOz film on
plastic conductive electrodes for DSSC. As the result, we could not make elecirodes that indicate good performances as
DSSC by microwave irradiation. In the case of the plastic substrates of high sheet resistance, good light to energy
conversion efficiencies were not obtained, and in the case of the plastic substrates of low sheet resistance, microwave
heating was interrupted by electric discharge because of the thick ITO conducting layer. On the other hand, we could

heat TiOz film on plastic substrates efficiently using infrared ray lamp without softening the plastic substrate within short

heating times.
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Fig.1 The principle of dye-sensitized solar cell
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Table1 Condition of the electrode substrate.
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Table2 Condition of the Ag/ITO substrate.
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Table3 Heating condition using microwave heating.
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IR
e | FARME | AT
FF | EEgpl | FF RS | PP g
R
To 0.59 043 068 1.10 0.68 0.79
Bl
o 0.51 042 0.36 | 0.16

128 IR S0, Tio T2 ol i R bns -
ERRGRRER TS, Mo bk, SEIRMNET i
mOREDEL R Lo, OEEFERSER T2 @
Ti0, B U PEN ZotR DR ANRIR R DFET 1 ¥ BRGNS e ©
haloZ BT LAS,

5. f#Ea
ARG CIET T AF v 7 B BT L7z T10, 84 & Y iR

BErk T Do, BIRITHES EURS A =2 % 521, Ho, Tio,

DI FRERS 5 2 & Z BRNC <A & Dilhist, R OSRANEINEN A

Tz, TOREEOIEZMRELTICRET,

(1)~ 7 s g, s 110 S amsiar e hh%, &
FIRECIGE & L CHTRT A b IR < e
BAgkn, (REH ITO RO, IR o BB NE Z =1y
Z b, i hiEs A,

(2) FRART 7T LT Ti0 BT, BB 1 1% . &
L MENE L, UL, BRI Bl iR TE 5 L
EBIT, Tio,EOAE, BEROMMEEE (155°C) Sl kiohghe
BAZDHLEILILD,

Sk
(1) FHNZESL « AL, (2004) , 177-197.
@ FNEEH - EFRECRS SO EFERT, (2007), .
(3) BEEWM  EF I w2 A, 39 (2004), 435-438.

@) FHETM TR 20 FERVIIEEZ T TORRIR
#, 25-30.



I. NV HEEEE

S ZME ALV

A FERFEIEDERAF

Preparation of Test Circuit Patterns by Using Solderable Conductive Adhesive
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Abstract

Preparation of RFID antenna patterns by using electrical conductive adhesive (ECA) was investigated. While it
was necessary to use solderable ECA for soldering IC chip to the antenna, the resistivity of solderable ECA was
relatively high. Therefore, ECA with low resistivity was used for antenna pattern, and solderable ECA was used for

mounting part. Resistivities and affinity to solderable ECA were evaluated for 4 kinds of ECA, and ECA containing

phenol resin was selected. Various kinds of loop antenna patterns were prepared by dispense method.

Experimental values of inductance of the antenna patterns were agree with the theoretical results. IC chip was

mounted to prepared antenna, and it was confirmed that the antenna act as RFID antenna. Corresponding distance
was approximately 3 em. Resonant frequency of the prepared RFID antenna measured by a network analyzer was
23.56 MHz. The frequency was shifted from usage frequency (13.56 MHz) of RFID. As a result of investigation of
equivalent circuit of RFID antenna, capacitor was added to RFID antenna in order to adjust resonant frequency.
Resonant frequency of the RFID antenna added chip capacitor was 12.6 MHz, and corresponding distance was
extended to approximately 5 cm. The same result was obtained from RFID antenna prepared by screen printing.
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Table 3 Volume resistivity of ECA
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Development of CAE technology based on actual size measurement

by X-ray CT system
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CAE technology is usually computer-aided methodology for structural evaluation of products based on CAD data.

However, if the products have different dimensions from the design drawing, such as moldings or weldments, the 3D

digital model for CAE have to be based on actual measurements. In this siudy, we developed a new CAE
technology based on actual size measurement by X-ray CT system as 3D measurement device. These technologies
were applied to two actual products, and then yielded some effective results for quality evaluation of those products.
One is a structural analysis for the resin molding product including voids. Another is a fatigue life estimation for the
solder joint part including joint geometry on the print-circuit board.
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Fig.2. Micro-focus X-ray CT system
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Fig.13. Displacement distribution of the chain cover
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Fig.14. Major principal stress distribution of the chain cover
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Table 3. FEM model specification of the circulation pipe adaptor
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Table 4. CAE analysis condition for circulation pipe adaptor
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(b) CAD base model
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Fig.20. Major principal stress distribution around the joints

(a} CT base model

#180mm Thd. —OTF7HL, BHOE GRS A7ho
HA P EEER L CERT AN THY, AT AKEZR A
LIMEEARTLLPEETHD. £k, ZOTFTFE2o0
WHERR S e 5 LT n!:unfdﬁj;\:‘lﬁ_&) BRSPS OR A A
WEIC G 2 AREB L UHESREORHE R L TEC Z 48
BEEThD. #2T, SOFY¥TZHAEESNSEITAEMITR
Lu,fﬁ75ﬂﬁw%E@M&f”Am%Aﬂm%.%mmh
EYSALOMEER CAE BEITIC L » THER L=, FEM E7/LD4HE
LETRENENE 17 55T 3 IR L, CAE ARllrdkif#3# 4
[ e

ZoREERICE, B8O XM CTEgIoRERD LI, B8
MRz H A RPRESEEAET A (HhoiEAN), Zh
BOFRA FeRESHGEHRIF UIFELRVWLOTHES. 20
[REOFSEAFH-2D CAE 21 To o 2 B 19 12nd, K&
R ERRAR S FoEMICIEITEET, A e RES AT
TAHZ LA, ZOIKAHETIREDT, PPS OEED X
155MPa 2% LT 0.5MPa & HEIT/INE <, EdROBIEITITE L

FRBLRWETHS EEALND. £, E 2013 19 OfFT
HRABITEFMIZN>TRAELOE CT ~—AET /L CAD
MPR—AEFATHR LELOTHE, CT A—AEFADEEH
fhimiz 2 OIEHEFPA LS (ERoP LR IE
AED AL T CAD A— AT LI o TR R Ch
A, LasL, AT 03MPa O T NERMETH LT, 2l
NEREROTRRE T & AR L e B2 b,

7. [FATZHEEEEID CAE 34T

MEAFHIMET— Rai AR o T i 7o —3A
Pt s A—Fh—n 2GRN THS (K 21). =
OFEMITEE & TR OIREEN R E Lz, EifERE

mﬁ&§<ﬁﬂﬁ*ﬂtﬁ%ﬁﬂ@%ﬂ%iuﬁw:tﬁﬁ%
_G&Z). ;:‘t\?::. %lll:rlwﬁtzkﬁmm:?ljupijuf:ﬁ -HF_I.F --| fﬁ

AN—— A G ERL Lo T 4 Ly FNTERES (D22 {a))
E, DECEST T 4 Ly METEARWVES (3122 ) BhA.
T4 Ly NOHEREMIEZ LBEELRRS I LTEETH

[ 21, FF o A EA T S R
Fig.21. Substrate soldered with rectangular capacitor

(@ 74w k&b () 74 Lo b2l
(a) JToint with fillet (b) Joint without fillet

[ 22, fEESHO X CT g
Fig.22. X-ray CT images of through-hole solder joints

5. BATEETO FEM £7 08It
Table 5. FEM model specification of through-hole solder joinis
7oLy Y 74 by bRl
FEM ##505 5.005 4,425
FEM 23R 4,785 4,226

(h) 7ol bzl

(@) 74w &0
23, [ZAZEES OISO T
Fig.23. Inelastic strain of through-hole solder joints

5.
FIT, ZORERICEEYA 2 ARRRILERED, &L g
BRIRE O B A FA RIS ES T AT ATTES T OFERE



0.02
= MNarmal jeint o

0.016 “ Harlf fillad joint W_‘;"’"_I
= o
a m__J
2 0.012 ol
2
b
= 0.008
b
=

0.004

0 i 1 1 1 1 i
0 2000 4000 6000 8000 10000 12000
time (sec)
12 24, FEHEDOT e RSB 2 A
Fig.24. Time history of inelastic strain
F 6. FEHFFMOWETE
Table 8. Estimation of fatigue life
IREDT IR | EEG T 7 vk
A £ in Ni

T4 Ly b 485x 107 232X 10°
Ty MEL 1.76 X 10? 232% 107

OT BOER T L, s HGEH0ET 5. JFMMEOT2 218,
O IO 5 BLIENT LA RO T 2 TOUFLTHY, 1
ATEDEETE, O R E 2 V=T O R LD 5.

FET R EAR O T OB S, O RN TFEERSITA
TEEESE DA L L, (FATHEEN &1 2 YRITHNED FEM
TF L FVVTRENT L 72, FEM E7 /LIERE TN, X B CT i
B VBE LS80 CTHER (G12X512E 7 L) Dahd
HANYZ 1 Hed CT Eifg % & & 12 Patran # VT CIakAE
LT, MABEREERTLHEVWI LOTHS, K 22 (2
Wt FEM T LOERRIZER Lz CT B THh5. CT Bios
BEEENE 0.0085mmipixel TH Y, AA—i— @ HELAE 1L.0mm
X@EE Lemm THA. B LI FEM EF @i e &S TR
CAE fEATIZANAEEOME & LT, H4RiE FR4, #lge—1
FazrFrdiEfiiokd Koo Ryy, AL
Su-3.0Ag-05Cu DFL 7 U —IZA L E Lz, 8BS 2143, 0CE
S0CH 30 457 LI+ h oL Lk, REOsE BN Lar
LT OFEEZX10Cmin & L, ZhOES AR 30 47
ZLOYA I MIEDHB LD L L.
REATREROIFREDT O AOMER 23 (7R Bfos
O EFIE LT DA R R WD baR LT D, 7oy
v MR LOBESIT U — REFAFEOESRmc O AnEd L
TNGH, 74 by RBDOEEIRT ¢ by MEEIZU A
L TnD, IEHEOT 2O LA 24 IR, T4 by

b LOBSTE, 74 by b YOS &S TR O e
LR R E .
Wiz, EEEGOfEELN (1) TRENHIENA ZALDTR
SN LB EFHGOAPFHATTo 7.
AN =047 (1)

ST, Ae ot [E29 0 BERAES D EATES 41 2 LE
w#ﬁ&oﬂ#&ﬁ1%n,ma%%¢ B Uhh B4 2 3L
U ERBERM ThHH. HELIEFTHEMER 6 (TR,
T4 by MELDIZAETRIRIZIE S, 70 Ly RN ORER
OFN 1 A—F-RERFGTHLZ LS. Lrl, 10E
LEDAAS yFOAOEY & 104FERTT) Z L2EETA L, Y
LT 365X 10° ECHY, ZoiTAFESHICELTE, 7
4 Ly PR EAICERENAR L, HoleERmEEsE LT
AT EN3bing.

8. ¥
ABFEE TR 3 OHFHEE L TH~— A CAE EToHERME
FREL L. TFreOREREH.

(1) Helehdc 2 A BilE R o B & 7l T Bt oMtk
BITEE X R CTRBIC L > TfT 5 Z L ASATHE T Y, ~hik
ORHARSE L RACE 1 B EAREICZ S ZEAT
i,

(2) CAEfMFIZHERTX 5 3 kot FEM E5F 4% X ) CT i
WOERTEZ LTEL

(3) CT~—AFEM EF %~ C, 4 FRHmBKEED
ERE OIS RTERHEE AT S Z LS T

@) X # CT i L 5 EMIC S0 7 CAE Rl is
R b B RO A TS A IR L, Bk rsaEs
HER BRI BT 2 /DR A B L Z L T

Fio, BREhRETO LB THS.

(1y SEHT- -3 20FAICT<TZEWT, BB E RO,
Uy FEFOER, BLURHT Vot v Ea—4|C
L7 BERER Z e R R B LT, (ERE R kT
Wi, S ADEEDIERES o Y 2 — ¥ OEE(E
HThLH.

(2) kRE—ERMOREREDNT2OD, BEFERAL >
PT T T—FNOERR, 74 AZ0EY, FIEETHD
Fi, (B ORI Ui, e & 1F
FoR ooz, —hbofERoalkaED s
EMUETHB.

3wk
() $AREE, 3 KT oI ar =T ) XY Oms, §iE
TAEEEE, Vol71. No. 10, (2005), pp.1205-1208,

(2) Kariya. K..et. al, “Isothrmal shear fatigue life of Sn-xAg-0.5Cu flip chip
interconnects”, Proceedings of IPACKO3. (20031, IPACK2003-35165.



IV FA47hAMEEMBOEERMTORR(2)

Development of the Joining Technology of the Mold Material for High Pressure Die-casting(2)

O BE=, M TRk, LiE &=iB
NAKADA Yuzo, HAYASHI Chitoshi, DOI Yoshiharu
ZA B, il FE, O RW O

MORIMOTO Hideki, SAYAMA Toshihike NAGAE Takekazu

Abstract

In Aluminum alloy high pressure die-casting, controlling the mold temperature is critical to achieving high
quality products, high productivity, and long operating life of molds. The mold temperature is determined depending
on the composition of the aluminum alloy and the shape of the product. The temperature is controlled by the
circulation of a fluid through flow channels made in the mold by drilling cylindrical holes and sealing excess parts.
These straight flow channels do not function enough to cool the mold and they shorten the mold life, and on top of it,
drill processing costs high and takes time.

Qur goal is to create free-formed flow channels which can efficiently cool the mold. We plan to make
multiple parts of a mold to which we create flow channels freely by machining, and join the parts by solid-state joining.
In this study, SKD61 steel plates were joined by PCPS (Pulse Current Pressure Sintering) method, and the mechanical
properties of the joints were examined.

Furthermore, the cross-sectional shape of the channels of a mold was designed based on the result of heat
transfer analysis and stress analysis. By the thermal cycle test using the mold, the possibility of the application to a

die-casting mold was also investigated.
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Fig. 1 Schematic diagram of the pulse current pressure
sintering apparatus.
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Fig. 2 Schematic diagram of specimen configuration
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Table 3 The conditions of the diffusion heat treatment
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Fig. 10 Relationship between the diffusion heat treatment
time and strength, elongation
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Fig. 12 The result of the heat transfer analysis and stress analysis
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Fig. 13 Appearance of the mold used for the heat cycle test
and configuration of the interface
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Development of the low cost dye-sensitized solar cell by screen-printing

B PR AR AmE  #ER
SAITOU Yosuke WAKABAYASHI Suguru KNAKUDA Tatsunort
SRR ETHERA Wt 0 KM
NASUNO Masaaki SAKAT Yuichi FUTARKUCHT Tomoalki
Abstract

Now, the solar cell is spread gradually as the representative clean energies in the market. However, the production
cost is still expensive. The dye-sensitized solar
cell (DSSC) is expected with the solar cell of the next generation, because used materials are cheap in comparison with
the silicon solar cell.

Therefore research and development is continued for cast reduction.

However, actually, the cost of DSSC is higher than the amorphous silicon solar cell because of
Therefore, in this study, we try to develop the
fow cost DSSC by using carbon in substitution for platinum, and by screen-printing method in air.

At first, the paste by mixing active carbon, carbon black and resin was made, and the counter electrodes on metal
board were formed by screen-printing. The conversion efficiency and the resistivity were measured, and the carbon
electrode was optimized. Furthermore, the counter electrode was formed with the conductive polymer to lower the

the film formation processing in vacuum and the use of the noble metals.

resistivity of carbon electrode, and the conversion efficiency was measured. The carbon electrode conversion

efficiency was a half as compared with the platinum electrode. Finally the 4 inches solar cell connecting with small

cells was made by the screen-printing.
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