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Development of Redox Solar Cell System (3)

Al R M #1E Brop EK BEHN #HEX

TCHIKAWA Yoshio TABATA Hironobu NONAKA Yoshio HASEGAWA Masuo

iy % i - G AlE HER #¥ "B

YAMAZAKIT Shigekazu  MATSUDA Toshihiro HKADOSAKT Masahiro TANINO Katsumi
Abstract

A redox solar battery which uses dye-sensitized titanium dioxide was investigated. The solar battery cell had an anode of
ruthenium complex dye adsorbed TiO: film. The TiO: film was prepared by sol-gel coating method on ITO glass. Solution of
tetrapropylammonium iodide (TPAI), potassium iodide (KI) and iodine ( 1. ) was mainly used as electrolyte. Mixture of ethylene
carbonate (EC) and acetonitrile (AN) was used as the solvent. Cathode material was Pt. We examined the influence of material of
anode, electrolyte, cathode, and the structure of solar battery cell on photovoltaic characteristics.

The results were as follows:

(1) Anode: When the heat treatment temperature was 300°C and the dipping count was three times, the highest light-to-electric

energy conversion efficiency was obtained. The particle size of TiO. powder did not influenced the conversion efficiency.

(2) Electrolyte: TPAI showed higher conversion efficiency than Nal as electrolyte. The highest conversion efficiency was

obtained, when the solvent ratio of EC / AN examined was 10 / 90.

(3) Cathode: The larger cathode surface area resulted in higher conversion efficiency.

(4) Structure of battery: The shorter distance of the interelectrode resulted in the higher conversion efficiency. The use of

copper foil as current collector on ITO glass resulted in considerable improvement on conversion efficiency,

(5) The highest conversion efficiency obtained in this research was 3.6%.
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Study of Cooperative Control for Multiple Mobile Robot (2)

Pen BE(E FRE Bz i 379 -8 FEIE 5L
WATANABE Akinobu ~ MORITA Hiroyuki ~ FUJIKI Satoshi ~ FUJIH Hiroyuki
HAK ER AU HC WA FmA
SHIMIZU Taka-aki TANINO Katsumi YAMAMOTO Tomohisa
Abstract

Two transfer robots which conveyed cooperatively the loads on their tables and kept the constant distance between them so
that robot do not drop the load were produced. It is necessary to control cooperatively a robot who recognize the position of
another robot on his coordinate and the direction of moving way of another robot himself. Though there is several methods of
recognizing an environment around the robot, the visual system with 2-dimentional sensor, i.e.CCD camera, is most suitable for
robot to get amount intelligence as humans eye. Four LED are set up in the rectangle corner of the robot so that the other robot
can easily detect him.

Structure of transfer robots whose size is 300mm of wide and depth and 300mm of height. Four LED set up at rectangle
position of the robot frame and CCD camera fitted in the central of robot 16-bit microcomputers system was used for image
processing and control of robot. Two stepping motor with rubber wheels and two free casters were used four driving units. The
robot decides next speed and direction of own driving course by back propagation neural network used these data. The distance
between both driving robots was able to be kept stable 300+10mm.
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Table 1. Learning data for neural net.
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Table 2. Output data to the motor and candition.
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Development of Oxide Semiconductor Gas Sensors for Living Environment
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Abstract

Semiconductor gas sensor are now widely used for detecting low concentration of combustible or toxic gases in air. Recently
the detection of smelling components has become increasingly important for food industries, living environments, and medical
treatment. Now the number of persons which are taken ill by room air pollution is steadily increasing and its phenomenon is what
is called "sick house syndrome". They are caused by HCHO and VOC (Volatile Organic Compound) included in adhesive or
interior. Therefore the oxide material sensors which detect the smell of these pollution gases was investigated.

The resuits of above-mentioned were as follows ;

- As the representative pollution gases which had caused sick house syndrome, formaldehyde, toluen and xylene is picked out,

- Among the various oxide semiconductors, ZnQO, SnQO2, WO, In:0s, Co:O« and Cr:0n showed the excellent sensitivities for the

pollution gases respectively.

+ The temperature which sensors exhibit maximum sensitivity for the pollution gases are as follows

Zn0, WO; (450 °C) > In:0s (350 °C) > SnO: (300 °C) > Co:04, Cr:03 (200 °C)

- By the addition of rare metals as a catalyst to the oxide semiconductor, sensors showed higher sensitivities.
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Table.1 Properties of oxide semiconductor materials.
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Development of High Power Transformer Using Piezoelectric Ceramics
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Abstract

Piezoelectric devices have the advantages of low loss, large electro-mechanical coupling factor and ease of
miniaturization. A piezoelectric transformer is one such device. Since the piezoelectric transformer was proposed by
Rosen, many studies on it have been made. Recently, the piezoelectric transformer have developed and commercially
produced for use in the inverters that help activate the back lights of color liquid crystal displays. We attempted to study the
piezoelectric ceramics suitable for high power and high voltage use more widely and examine the new designs of electrodes

and ceramic body different from Rosen's design for high frequency and high efficiency.
The newly developed piezoelectric ceramics with the composition of 0.48PbZr04-0.42PbTi0O,-0. 1Pb(Mn,5Nb,) O showed
electro-mechanical coupling factor k;=0.48 and mechanical quality factor Qm=2060. The new type piezoelectric transformers
using thickness shear vibration were prepared with these materials. They performed at the frequency as high as about 530

kHz and the high power density of 3.8W/cm?® was realized.
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design piezoelectric ceramics transformer.
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Fig.5. Fabrication process of PZT ceramics.
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Table 3. Density, k, and Qm for PZT ceramics modified by the
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Fig.9. Schematic view of new design
piezoelectric ceramics transformer
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Fig.10. Input and output circuit of new design
piezoelectric ceramics transformer
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Fig.12. Fabrication process of new design piezoelectric
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Table 4. Input and output capacitance of new design
piezoelectric ceramics transformer.
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Development of SMA film actuator by the laser anealing treatment
in the micro area
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TAKABAHASHI Sotohiro  SAYAMA Toshihiko ~ SHIMIZU Taka-aki TANINO Katsumi
ABSTRACT

Micre actuator that has the two dimensional movement has been already made, using SMA film. However, it was very difficult
to produce an actuator that show the twisting movement, as remarkable defect of SMA film, because NiTi SMA change the shape
only one way.,

The purpose in this study is to change the transformation characteristics of SMA film by laser annealing in the small area and
to design and fabricate the micro actuator that shows the twisting movement.

The results are as follows.

{1) The reversible shape change actuator was fabricated by using the difference of thermal expansion ratio between NiTi
and Cu without any jig.

(2) The twisting movement of the actuator was obtained by using the laser annealing in the small area. The relationship
between the motion of actuator and the annealing conditions by the laser, the annealing angle 8 and the annealing
width was especially determined.

(3) It was certified that the TiOx layer was formed at the surface of laser annealed area. This layer caused to twist the
actuator by heating.

(4) The improvement of the adherence between NiTi and Si substrate and the modification of actuator shape (aspect ratio)

would be necessary in the lithography fabrication.
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Fig.1. Principle of 3 dimensional movement.
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Fig.2. Fabrication process of the actuator.
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Table1.Laser annealing conditions.

L—YHEE ArlL—%
L—HiHHh (W) 1.0
E—A%E (mm)] 1.5
nBABEC ) 15,45,60
hn#hE % 1,3.5,759
E v F (mm) 0.1




3.2 XA OETIF - [ s=s

MRORUNWET 7 Fax—4 OEMEHEEAL, &b/ g

Bkt RARIMBEENE LD, SET A MY [ :jg*“m

SIS T A=AV NLOT 7 Fax—F (UTF., w47 n%y -%ﬁ%@é;m

yFx—) OERERZE, M4 ERTREEFRT, n;*ﬁqﬁgi:j
FacgEE L S BHRLEKC L YA R (k=1 ¢ m) &AL, 100

T, 16 5OF VL= 270k, FLT.,. =AM/ 28X 0 F+r—0O @

BEBGE R —= vV SRET 4 FwR 7 2N LTBELEERR : L

Fo FO%. 200T, 1 HEORA h<—2 %H L. NiTi &2y :
SNl 2 THBELE (=10 © m), NiTi EEKBHTLYA M E
BHL, FYUN—2 Lk B 5ERLE 4 B4 %y
Fr—ORF—UPEHRERLTWE T 4+ bR 7 2BEHS TUES
HEL, B, BERAPA—=27(120C. | FEEELE. £0
%, NaOH A¥EH (dwt %) 30 BEREIZR L, LA FRBEERTV,
=y F o Z i (HF:HNO3: H20=1:5:10) 2 10 &3 M2 LT NiTi o =< »
Fo S e fToltk MEEDCT LI FRICHE 252, HEF ST 700

NiTi
ARy & U (10 um)
NiTi:Ti=300W:50W,10hr

LR B
Tum

m 7 R—2
5

T, 2 M OB ELAEE RO 400 T, 6 BM OO L, iod
Rikic, L—FMBMEERE L, /17 A (Cw) FRELE, e
IyFry

HF;HNO3:H20=1:5:10,10min.

4. EBRHEESLUER
41 BLhBPIFaI—40RMEN

HEH (F) BICEEH (M) OF FF 2x—F DEMHHE
EME LS, TUMHEE 6 OL)KESLE GERMOBRENE L
TPy Faz—FOEBERAETHE XY FMIZ#MEY OEN, Z
AR ULOEMEALD), WERER n=5 T, XY FEOEMEDL
v pRI—F b, L L FAOELRRIFTIINN A SO
s MELE, ©7, @8 IETNRED Z FAOEIE L L —¥
MAEEOMES L . XY FEOBE( X+ ) & v —FnHE
KOREE R,

LA R
NaOH7k & (4wt%),3Chr

EWEE T L Z R

b= -0

IS4 7 AB(Cu)
Ay S U Y1 um)
100W,20min.

10 . Ha4 IA470Fr v Fr—OEHRIE
Fig.4.Fabrication process steps of the microcatcher,
Pattern|W (mm])L (mm)
Type A| 1.0 4.0 Y
B| 1.0 6.0
cl[ 1.5 4.0
D| 1.5 6.0 Z
© = X
0*{:_
unit:mm SMA
M5 A/0FyuFr—OER H®e T-{ik
Fig.5.Shape of microcatcher. Fig.6.Displacement axes.



20

T 1 10 =
| | | S o
I . 8 Pesalaaa oo L o R o et 0
E ; il = =
fE | = T ol ——uom
; S 34 X
.,
= O B £ z/___ﬁ_, o
PN 2
L s, [
" [ , T ——— .
! 3 5 ? 9 1 8 5 7 9
L—¥—inaEL% (@) L—4F —hn8sE (&)
EB7 zhARAOEHEEL—F—mMREX 8 X.YAROXHE ( /iy ) & L—F—-OREK
Fig.7 Relationship between laser annealing tmes and Fig.8 Relationship between laser annealing times and
displacement quantity of Z direction. displacement quantity of X and Y direction.

TRICGES XY, L—FMAAKEN 15" OBEI. 2 FROEMIIMARRAMMETTHIZE A LB BAL VD, XY
FWOENM 5 BETRIRACRKEL A TRUBEEDS L, V—FMBRAKEY 45° 0B&HE. XYZ FEaL biEmL Ty
BLENghot, XY FAOEMLBV—FNBEEOHEMNE L LICRA L, Z FAOEME L —FNBERK A ENET 513X
&<, b EIMBMOBCEREERLL, b, ZoRCRhLASFEbRECLot, TLT, L—FNEFED 60 ° OHE
. XYZFAOEMBIEEAEZLRT. L—FMREL TP 1ETHLELIELZVIE RS0k,

ULOENOBFERLEERLYE 9 O()2bW@IRFT, BEROBRIILOT I Faxz—F bRALHBROED, REMHA
b OLSIRE L,

il

()8 =45 n=5 HEAT (do=60" n=1 WERH
@=L —HF—MREE, n=L—F—NREHK

Bo T7IFarI—a—0umEH

Fig.9. The movements of actuators.



INLDOBERLY. BREEESSMTERLET 7 Faz—F LRBH Y —VNBLB LT LK X 2T REHEIHENT
L., ALLBRRLV—FNBOEE (T4b5E) LAFLLI - THETCEIL LN S o, . Y—FMBBICRAR
CHANBIFLOTEMELNL., MBAECRIC L TT 7 Faxz—YOERENRELTAIZ NG, L—F—IHBHTITME HD

FHEABRILTWA2LDEEZLRS,

42 L—YFhoRfoREBERERURESH

L= MBI AT P Fac— Y OTERS2E LD RAESRPHRAIFT2To%, SIWAY T E LT, NTIER
10 F DL —FINBRE T b O ERE L, TO¥ 72 ERE T FRE (SEN) CTRE L, [MI0REOSIMER 274,

(a) L — ¥ —FEIMAE

H10 BEOSENER
Fig.10. SEM photographs of surface

[ 10(a), )XV, L—FIMBBORTOREREE (B 140nm) EEBLT, L—VFNRZT oL RECHERH 40nm Th
N, IhELCaTWAZ Edghot, o, WEAZBEELAL ISV —FME, e bILELRRbRARo, £IT,
TOTERSEXEEFSNE (ESCA) 2AVWTEAORRAFEEKRLE, ZOR/E2H 11 O (a) 25 (QIKFT,

Sample ] Bd —— HiT: Laser
Element 1 31 == Ni 2p3/2
Miresk [ 1070, 3 1
Mrm b
o, uu_\_—_.%_—-_ 1
e, 50} R
1, 00 t_ ]
1. so] L
2. oo L s
2. 50 | | &
3. oo 15 T
3 80 L @
4, oo . §
4 50 10
5 00 L 4
s, 50 | 12
B 00 A |
5. 50.) | 14
7. 00 L 15
7. 50 18
564, 0 BE0, O BS6. 0 B52 0 B4E. O

Brnging Energy EBT 2,0 evisgiw)

(a)Ni

. 00
50|
00
LTH
00
50
oo
50
oo
50
oo
50
0o
50
oo

Samols Bd -— MiTi Law
Elament 1 44 == Ti 29
Miwvess [ AT Y

B T T T e I - -

50

\\ﬁ

o ARk St AEEE FER TR R ST Sdis Jeo fhar e SEs o |

Fig.11.The ESCA results of laser annealed surface.

470, 0 488 0 482 0 4580 454, 0 4500

Binding Enargy Eb | 2,0 avSai v

=i

{(b)Ti
L —H — 84 41 DESCAS T

L

T R -

DM omom oo kM womomoN =200

Elemant 12 == 0 1s

Mavsow § .1“.5' |
DG'VA_ l
50 | L 2
n“-M— i
410 b 4
na_M_ 5
50-,_/—"'\_.-//\\.4-'_ 5
nu_mu 7
sn_M_ ]
DU_M_ 3
sn..,-uf"”‘\_ﬁ_//\-w_ 1o
na_n_r’\__f"'/\\-/‘- 1
-_m___,_f-"‘"'\___/-\_____,-_ 12
uo-m_ 13
w_M, 14
an_M- 1%
L —-/\\" J\h"“‘ &5

540.0 %38, 0 S1L. O 58,0

Binding Enwrgy EB( 2.0 eV a0 4

(c)O



H 1l ©@BIUrbrbMeMhTHEEIIC, FZ/Faz—FOHER
RThd N HEOREH T THE RHERR o8, B TIHREE
nic, F#kiC Ti L2V TH, FEDRALZ bLOE—FFREARO L —
ITHRBBERSTWVEILENS o, REHBSO Ti OF—2 |2HEOL
=R, BERAF—=UAYT P LTWVWAZ Ehb, Ti BLOzHEE
DFEERBICHLbOLHENEND, 11 D) XD, ORFEEEE CHEX
ERE—PRBERES, ABRTREEALBRHERN T,

UEOERLY, UMMM B 2T HIT. HEEHS (SiHE i
100A) WHWT Ti BEELLTRY, TiOx BEHERLTVWAELDEELL iz =4 o70% vy vFr—

Nd, TR TIZ7Faz—2OL—FMBEREFTCTFoTWEED, B Fig.12.Photograph of microcatchers.
PREFTHRLELINREILICLE T, MOBHEMSBELELOELT

BATE D, SEMERTOMN 40nm & W HNERZHFIL TIOx ThY, FOBINFEELTVAEDE—HD ” L iomE”
PEL ZhitlsTtT7 o Fac—2Balh@ifEeFtbotEr bR 5,

43 YA 0F vy Fr—OEKHMN
U777 4 —BRCIVERLEA 27Xy v T v —OEREZE 12 K7, OS2 0F%r vy Fyr—R@ENBRLEE

I, BERE b ofs, LL, SATAREZEBETAMICBENR L L ZS NITI BB REEBDESTT - L BRERS
i, ZheDZ b, REE LT,
234 7 AME(Cu) & NiTi & OB EHOFR,

CEBEROI VTS R— 3,

*NiTi OBEBES L Si LOBHLOFRR,

CBHER (7R b))
FRETOND, SEOBELLT, LVERVWSA 07 7 Fax—F2MR8T 510003, chbDMB e LTI LER
HBH,

5.8 B

FHETH. BEHL—F—MBAER L SBREREEWT 7 Fax—F OMBIRNEMLL, TOEEEUTIRY,

(1)34 7 ABEBHRERASMOBRERKOELFIAL, TENHREMETT T2 Faz—p 28 LK,

(ZINITIREREQRETERLET 2 Fax— S LEBNEL —F-MBLEEET Lok, aUhEENATEL 2o 1,
Efe, ALRER., L=V —ONRAK, NBBILL o THBETEE - L hot,

() V—F—MAMEWEALE =B, RERTIONHBRENTND &Ry hot,

(DY YIFTA—HREDZA 70 %y vy Fr—OEBICH LTI, NTIBOBERY Lsi & DBEEMML, 77 Faxz—s
Wk (BEBIOTRRI MEAY) ORBIICSVTRNEME 2 LER D B,

HE 3T

(1) S.Takabayashi et al., Joural of the Society of Materials Science, Vol.44, No.506, p1355( 1995)

(2) S.Takabayashi K. Tanino,S.Fukumoto, K.Mimatsu,S.Yamashita and Y.Ichikawa, Jpn.J.Appl.Phys. Vol.35,p200 ( 1996)
(3)S.Takabayashi et al., Materiale Science Research Interational, Vol.2, No.3, p148 { 1996)

() tP#T fth : (TINI BIREREEMEOM I, TIEE Japan, Vol.117-E, No.1, p27, (1997)

(YR b : [TINi i ~A 77 7 Fax—F OFRMBERCHLEE), WE TS, Vol.63, Nob, p8dd, (1997)



VI. EXBEEEDORRE

Development of Electric Vehicles
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TERASAWA Takashi FUJIKI Satoshi NAKAGAWA Akira TANING Katsumi
Abstract

An Electric Vehicle (EV), which is expected as a new ecological vehicle, has been designed and fabricated to evaluate its

capability. The fabricated EV has compact in-wheel-motors and a joy-stick for a steering instead of a conventional wheel handled.

The experimental results are as follows:

(1) The EV with the in-wheel-motor driving system simplified a structure and an assembly process. Although it could run back

and forth, the EV had a difficulty to turn right or left due to the small torque of the two wheel drive.

(2) The steering system with the joy-stick had an advantage of the simpler electric circuits for the control against the wheel

handle.

(3) Though an attached gear unit improved the torque, the resistance associated with the rear wheels prevented the EV from

turning around.

Although it is not able to run a road now, the EV makes it clear the possibilities and the points to be improved, such as a four

wheel driving system with in-wheel-motors and a control system of the individual wheel swivel.
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Table 1. Comparison of performace between Ev and gasolin vehicle,
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—FE AT ERE (km) 780 130




22 BREPECOIEN—V

(1) & i

B{E, BV OEZEZAATHILOEERTHH, EV OER
TLHEMOERE LT ITT,

OB\ F—HEL (1 FERERT 200km Bl L)

@HEHABETCHERMNE CEUEE LHARELRED &
(mid - wHEERE)

@AvFFrrzl—THAs I EMICEND L
(200km % 1000 ¥4 Z /L= 207 km) .

@HEMB I UM ER TESERTNI &,

OHHEH EHIEEI >SB W CRENC LR ARDT U
AINVFETHD T &,

BREEVHROERE LT o vk 2 k@) F 7 A2 K
BB, FRECLERSL-255, MR MTH
AL EICEICHE LT NERZL RV R TV, R2
HfEo BV A AT,

(2) ®—F—
#31AFEHNL BV A —4 2d, BEHKRO EVOES

< PM S HubRTywad, ZhisfiinziizER
LTWaNLTHY, SHBEETIERSLUT IM 3o —
TR L THS, EV BE— S rEREnssEr LTI,

OEmEELIc X 503 - E&ik,
@—KREETEMEEOT-DOBBRIL,
(I 2242 T H 7 i,

@ - () VAT X B EHEN L,

T—FOEMAENL, T— WA EEEDRICEST L4
A =T —=F FIFFNRALOEHE, ZOE—FINEETEDS

®2. TREVARHR
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Table 3. Motors for Ev.
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Fig.6. Driving unit and gear unit of EV,
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