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Study of Microfablication of Thin Film for Electronic Devices

— Trial manufacturing of magnetic sensor and thermoresistance elements —

R/ SF EH OB <2 & B % X H A # X
ITO Mamoru MORITA Tomoyuki  ASADA Mineo TAMURA Ikuo
¥R #E mAE 55 # ¥ =L
TERASAWA Takashi MATSUMOTO Iwao TANINO Katsumi
Abstract

Recently, microfablication technigue has been more important with integration of electronic and mechanical parts. In this
study, we aim to establish microfablication technique of thin film for electronic devices, and to apply it for fablication of a
magnetoresistive element and a thermoresistive element. Films were prepared by RF magnetron sputtering method and were
fablicated by photolithography and reactive ion etching method.

The results are summarized as follows:

(1) For Ni-Fe—Co alloy, zero magnetic field resisitivity (0 0) decreased with increase of suhstrate temperature and Co
cocentration, while resitivity changes caused by a magnetic field (A p) increased with increase of the temperature and
has a peak at a certain Co cocentration,

(2) Anisotory magnetic field Hk and coercive field Hc increased as the Co concentration and/or substrate temperature
increased.

(3) We estimated the anisotropic magnetoresistance(MR) effect for thin films of Ni— Fe— Co alloy. The maximum value of MR
ratio was 5.2%, it was obtained by NiuFe:Couw alloy thin films deposited at about 370°C.

(4) In order to obtain a large MR ratio, it is necessary to control substrate temperature so that the films can have optimum
grain size and appropriate Hk.

(6) By means of photo—etching and dry—etching processes, Ni—Fe—Co alloy thin films could be fablicated the stripe width
of 50 # m using CCls as an etching gas.

(6) A rotational sensor was manufactured for trial using NisFesCoi: MR element, And digital electric signals could be clearly
detected from its element,

(7) We estimated TCR of Ni—Fe—Co, Ni—Cr—Fe and Ti—Fe alloy thin films. TCR's increased with increse of substrate
temperature and/or Fe cancentration.

(8) (NigCrm)esFeiz films were fablicated by the same etching processes as those used for MR elements. Linear temperature
dependence of the resitance were observed in the range of —10 ~ +100°C.
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Study of Micromachine
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Abstract

Micromachine is a small machine whose size is below 10mm cube. It is expected that one of them comes into human body,
and cures. At present, a point of maintaining complex system security, for example an atomic power—station or a chemical
plant, small machine has been developed for repairing and inspection of narrow space. In this paper, at the first step of
realizing micromachine, a climhing micromachine and a cliff climbing micromachine were fablicated.,

The climbing micromachine wsa named "Jiguruma 2". "Jiguruma2" is a kind of stepping motor, whose rotors are wheels
themselves. We also made a winding machine to maintain assembly accuracy. "Jiguruma2" ran at 56 mm/sec and had enough
torque to climb a slope of 15 degrees. To obtain higher performance, materials for tire and assembly accuracy are had to make
better. "Jiguruma2" will participate "the mountain climbing contest" in the Precision Engineering Conference(March, 1994).

Cliff climbing micromachine has a structure that adsorbs to wall using suckers, and air pressure is used for its power supply.

But it was not able to climb a cliff, and has a lot of problems to solve.
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Abstract

With advance of recent electronics technology, electronic materials and devices are expanding their application fields. Due to
their remarkable characteristics, organic materials have got studied closely and have become used in the field of electronics
where inorganic materials are dominant as yot. Conducting polymur, one ol these organic malerlals, hay extremely wide range
of conductivity which covers from metals to insulators. In this study, we examined polythiophene as conducting polymer. The
experiment result of its polymerization conditions and conductivity is as follows.

(1) We fabricated an equipment for electrochemical polymerization of polythiophene and determined the following optimum
conditions to get good polythiophene films. That is 0.5 mol/ of the monomer(thiophene) concentration, 1 mol/ of the
electrolyte(LiBF4) concentration, 5 mA/cm of the polymerization current density and 1 um/minute of the growth rate.

(2) The conductivity of the polythiophene film has a positive temperature coefficient from 95K to 400K. The conductivity
declines under moisture.

{3) We experimented on chemical and electric undoping methods for control of the conductivity, After dip in the ammonia for
10 seconds{chemical undoping), conductivity of film changed from 7 Sfcm to 3x107% S/cm acording to ammonia

concentration (from 0.1mol/l to 14.7 mol/l ). After discharge of 540 C/cm®(electric undoping), conductivity of film changed
from 4 Sfem to 2x107° S/cm.

(4) We doped BF:™ into the polythiophene film which was undoped by electric method and the conductivity recovered from 2 x

107° S/em to 7 S/em. The chemically undoped film could not be doped again due to incomplete contact between film and
electrode.

(5) Through film weight analysis, ESCA and Infrared Spectroscopic Analysis, it became clear that the content of BF.:™ in the
polythiophene caused extreme change of film conductivity.
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Development of Phosphate Ceramic Solid Electrolyte
— Trial production of Ag ion solid state battery —
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KUROEKAWA Hiroyuki- YAMAGUCHI Mutumi-FUTAKUCHI Tomoaki-TRASAWA Takashi TANINO Katsumi

Abstract

There has been many studies on solid state batteries because of their many advantages against liquid systems,such as
form—designing variations,small leakage of electrolyte and their wide temperature ranges. Espesially lithium batteries have
been investigated because of their high veltages and high energy densities. But these batteries are easily damaged in moisture
atmosphere, On the other hand,some kind of Ag ion conductor are known to be stable against moisture. So we study the Ag
ion conducting glass for the solid electrolyte and conductive ceramics for the electrode.

The results are sumarized as follows:

(1) 60Agl—27Ag:0— 13P:0; glasses were made by melting raw materials that was mixed Agl powder Ag:0 powder and HsPO4
at 500°C for 2hr. The ionic conductivity of the glass was 1.36 10 % S/cm at room temperature.

(2) The glass transition temperature of this glass was 59.3°C and the ionic conductivity was suppressed by the crystallization

above 70°C.

(3) Ag«V20s ceramics were made by firing raw materials that was mixed Ag powder and V:0s powder at 600°C for 24hr in N:

atmosphere,

(4) AgV:0s ceramics were availability as electrode materials in solid state batteries,because of composite conductor and

electro chemical intercalation of Ag ion.

(8) The mixtures of Ag:V:0s ceramics and 60Agl—27Ag:0—13P:0; glasses in the weight ratio 1:1 were used for the electrodes

from the balance of mechanical and electrical properties.

(6)The sclid state battery using these materials showed open circuit voltage of 0.42V and discharge current density of 370
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Fig.12. Structure of Ag ion battery. Fig.13. Charge discharge curve of the Ag ion battery.
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Developement of Mold Filling Simulation Program for RIM Process
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Abstract

Plastic molding products with superior function and light weight have been widely manufactured in the various industries,
Especially, RIM has been developed to mold large and complex shape products representing car bumper and become
widespread rapidly because of the merits that the cost of equipments including molds and presses were reduced drastically.
But comparing with conventional injection molding, there are some serious problems due to using low viscosity resin.
Concretely, defects such as lost parts or pinholes appear in the position where the mold has complex shapes or abrupt
thickness changes.

In this study, a mold filling simulation program was developed to estimate the defects' position. The results of the
simulation were compared with experimental data of short shot using an actual RIM mold and the efficiency of program and
analysis model was verified, Marker method was introduced for the flow analysis, as a result, void movement was simulated
accurately and also vent position may be determined so as to exclude the voids from the molds. It is expected that this

simulation program will be useful to optimize the mold shape and the molding conditions in design phase.
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Study of the Total Indoor Environmental Control System
for the Disabled and the Elderly
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Abstract

In recent years, an abrupt population increase of the advanced age has presented the necessity of environmental betterment
in the home and the working place. Its object is to support themselves in their lives, in the field of the activities of such daily
livings as eating, excretion, and the house remaking in the home. Also it is important to improve the public transport system,
and the indoor working place.

In this study, it is the final goal to establish a life betterment in the total indoor environment, especially in the area of
man—machine interface of computer information system.

As a first stage of this project, we have inguired and tried to understand what kinds of problems acutually exist in this area.
And in an experimental study, we have investigated the jyoistic unit as an input devise of personal

computer for the disabled and the elderly.
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