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Metal Lines on Flexible Substrates using Inkjet-printing Technology
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MEMS Rogowski Coil with TSV Structure for Overcurrent Detection in Power Device
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We have fabricated a MEMS Rogowski coil with TSV structure for over current detection in power device.
The device size is 10x10x0.3mm?®, the number of turns of the coil is 137 turns, and the via diameter is
100um. In the type that allows current through the silicon substrate, the electromotive force was not
stabilized and the current could not be detected. In the type in which a current flows through the center
penetrating part, the electromotive force was stable. When the slew rate (di / dt) was kept constant at 10 A /
us, and the current was changed by 5 A at most up to 40 A, MEMS Rogowski coil could detect current
linearly. When the slew rate was changed by 10 A / us at most up to 100 A/ ps, it was found that the MEMS

Rogowski coil could detect current almost linearly following the reference sensor.
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Fig. 1 Configuration of MEMS Rogowski
coil.

(a) Bird view

(b) Top view

Fig. 2 Principle of current detection.
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Fig. 3 Fabrication procedure of the device.

Fig. 4 Fabricated MEMS Rogowski coil.
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Fig. 5 Electroless Ni-P plating film in the
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Fig. 6 Impedance characteristics of
fabricated MEMS Rogowski coil.
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Fig. 8 Current detection characteristics.

Fig. 7 Evaluation system of current detection.



BB RAE MIED #HL AR EHE EHE HF HE

L —fd'— didt—di dt—diAt
peak = | L= | T 0 T dt

(4)

J

v —det—fdtdi ZSjcosej
int — - dt Usi 21_”}_

At di Z S; cos 6;
T L o 21y

J

S; cos 6;
= Ipeak Hsi Z 21_”,].

7
(®)

S EAY 0 R At % 0.5us 70D 4ps £ TEAL
S, lpeak & 5A 25 40A F£ THA X L THIE
L, LRRoBFEEEEHORMESE, B—27 &
T & ORI E R LiZ, #5313 Fig.8(b)ic
RTEBY, B2k EIBFRE R L, B
Fig.8(b)IZ B\ THt#hL Vs ODRITEFFOIX
Th 57, Fig.7 OERBHRIZRT LB,
MEMS & = R & — =t JUH ) O R RS 45 138
JEH 1T D Z &G, Mt EEDOWIC TR
LTW5,

WA, B OSIH EA3 0 L— b di/dt % 10A/ps
725 100A/pus £ T10A/us & S A TEL &2
HICHOWT, FEHEENORMED L, A=lps
KE AL COEIRE & OMIEIEAE R LTz, Z OFF
ik, V7ylL oA YOBEREOMEL,
MEMS 1 = A % — 2 A JLIZHERHE L TV DA
7T OEEREMEE KR T H 2 & TITo T,
ZOREER, WEDOESEX Fig.8(c)lic 7 LD
\ZBAF e e BIBER A R 2 & A ERE LT,

PLEDFERMN D, NU—F A 2B Hild
BRI O A[REEZ R T 2 LR TE T,

5 B
RU—F XA AR DIl KERBHZ 1
& L2 TSVHEED MEMS 1 S A% —= A )L (5
W) ek, EL7Z (10x10x0.3mm?),
BIROSLH B3 Y L— b (di/dt) % 10A/us —

IWNT—TFTINA RIZE T HBEFRIMA TV #ENMEMS 0T XF—a1 )L

E & L, I KER 40A £ THA Z L OEFZ %k
EOREICEIIN L7z & 2 A, BAF7 LlBEfR C/Ebt
BHETEbZ L afER LT,

F7, BWOIML ERY L— |k (difdt) 235K
100A/us £ T 10A/us = & DO EGE & h R EH i
FImL7= & 2 A, dildt \2%F L C BAF 72 el R <
BIMMECTEDZ LR LT,

BIR Ll m I AF—a A U, NT—F /31 R
R, HOREO=V T ELEETLH L, BX
O TSV RO MIEECRE, BlfRZRED 7 1t 2
ATy TR D RBRETH D0, a1 /LD
BEAIC K DHFREEOER, n I AF—a v
ERT—=F NS 2T A0 H HEE DI
BIERFAEEEEBE A BN D,

Stk, EREOBEICHIT o aA VO EEEL,
KA &= 2k, SMNBHEREEREDTZHD
RO aA VERE R L TV TETH D,

x M

1) IWEAEZ, mEEK, TIRER : Kt oy
(2 K 2 Ik RS SRR R B, BRI
A CEE E, 137, No.8, 2017, pp.223-238.

2) SElF—HR AR — L BT OB LIS
M, A2 CEE, 119, No.8/9, 1999,
pp.405-410.

3) Sl —I : AR— Lt W & FDIGH, BRI
£ CEE E, 134, No.7, 2014, pp.186-192

4) S. Nakagawa, K. Yabusaki, G. Kinoshita, :
Magnetic configuration of current sensor using
inductive magntic detector, T. IEE Japan, 121-E,
No.6, 2001, pp.302-307.

5) S. Nakagawa, K. Yabusaki, G. Kinoshita, :
Development of a current sensor by using an
inductive magnetic detector, T. IEE Japan,
121-E, No.1, 2001, pp.39-44.

6) Yadong Liu, Xiaolei Xie, Yue Hu, Yong Qian,
Gehao Sheng and Xiuchen Jiang: A Novel
Transient Fault Current Sensor Based on the
PCB Rogowski Coil for Overhead Transmission
Lines, Sensors 2016, 16, 2016, p.742.

7) E. S. Leland, P. K. Wright and R. M. White: A
MEMS AC current sensor for residential and

electricity end-use monitoring,

Journal of Micromechanics and

19, No.9.

commercial

Microengineering,



IR T &Mt 22 —8HE No.50 (2018)

8) Hao Bian, Chao Shan, Keyin Liu, Feng Chen,
Qing Yang, Jiale Yong and Xun Hou: A
miniaturized Rogowski current transducer with
wide bandwidth and fast response, Journal of
Micromechanics and Microengineering, 26,
No.11.

9) RAF—BE, HEK, MHEIEA: NIGBT £
o —/VE/NE R ' o OB ﬁ*iffﬁ
CYRIEORE L R REOME ], &
XY= b= E B (EDD-15-095), 2015,
pp.47-52.

10) FATEAT, RHEIER, KILFHI . A o
7 a2 ¥ —a A LOIIRE, BERERR
76 B, 114, No.1, 1994, pp.33-37.

11)J. P. Gambino,
through-silicon-via

et al.,: An overview of

technology and
challenges,

manufacturing Microelectronic

Engineering, 135, 2015, pp.73-106.

12) e kg, BUERaR, AT .s i, /ARG,
AT, Vol - FERREN Y 2 ot E A

[SE e AN

MEMS I 7 —E{EDO RS FE, BEXR PR
7 SCEE E, 130, No.4, 2010, pp.107-112.

13)Y. Watanabe, Y. Takahashi, Y. Abe, S. lwamatsu,
T. Yahagi, S. Kobayashi, S. Konno and T. Sato:
Electromagnetically Dual-axis Driven MEMS
Grating, and its Application to 3D profiling with
Near Infrared Low Coherence Interferometry,
IEEJ Trans. SM, 132, No.2, 2012, pp.31-36.

14)Y. Watanabe, S. Kobayashi, S.
Yahagi, M. Sato, N. Oizumi: Motion Monitoring
of MEMS Actuators with Electromagnetic

IEEJ Trans. SM, 133, No.1, 2013,

Iwamatsu, T.

Induction,
pp.26-30.



LIO—RF/ IT7AN—ZFZRAWET) U2 TILEEE O YOREHE

Frilgasd  Brisde  RIEf AT BRE

NN IR SE N

H b7 55 i

Printable Humidity Sensor with Cellulose Nanofibers
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Improvement of Mechanical Properties of Polyimide for Resin-bond-grinding-wheel by Composite of

Carbon-nanotube

Takamichi IZUNOME Jun-ichi MURAOKA Yoshikazu OHTSUKA

Shuhei MURAKAMI
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Study of Molding Process Conditions of Thermoplastic Resin for Mechanical Reliability

Kiichi GOTO Yasufumi SATAKE Kenichi EBE Yoshikazu OTSUKA*
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Study on Reliability Enhancement of Adhesive for Brush-Holder

Satoshi SAITO™
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Degumming of Ramie and Application for Knit Yarn Blending with Silk

Mitsuhiro HIRATA
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Development of Non-heat Sterilization Technology for Food by Plasma Gas-bubble
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Thin-Wall Injection Molding of
High-Density Polyethylene for IR
System Lenses

R.Kaneda, T.Takahashi, M.Takiguchi*, M.Hijikata*,
H.lto**

Journal of Polymer Engineering, \Vol.38, No.3,
pp.307-313 (2018)

High-density polyethylene (HDPE) lenses are used
for infrared radiation (IR) systems, such as
radiation thermometers to transmit the IR of the 10
pm region. High IR transmittance and low visible
ray (VIS) transmittance are necessary for IR system
lenses. This experimental investigation of thin-wall
injection molding was conducted using 0.5 mm
cavity thickness with a disk shape, finished to a
affecting

transmittance, we evaluated the thickness, surface

mirror-like  surface. As  factors

roughness, internal structure, and
molecular chain orientation of molded parts, which
were produced using for HDPE melt flow rates
(MFRs). The changed molding conditions were
mold temperature and holding pressure. Results
showed that the thin-molded parts had higher IR
transmittance. The thin-molded part was obtained
with the smallest MFR of 5. Furthermore, the VIS
transmittance decreased when the molecular chain
orientation in the molded parts was small and the
crystallinity was high. The small orientation and
high crystallinity were obtained simultaneously
with the largest MFR of 42. Therefore, it was
impossible to obtain high IR transmittance and low
VIS transmittance simultaneously by a change of
MFR. This study confirmed that surface roughness

crystallinity,

and crystallinity do not affect transmittance.
*CHINO Corporation, **Yamagata University

Polymer Materials Structure and
Properties in Micro Injection Molding
Parts

Paritat Muanchan**, Ryo Kaneda, Hiroshi Ito#*
*kYamagata University

Micro Injection Molding, Part 3, pp.57-81 (2018)

Micro-scale molded parts in micro-scale injection
molding (uIM) have been classified in three
categories; molded parts with micro-structured
surfaces; molded parts with less than one milligram
pellet weight; and parts with micro-scale precision
such as micro-thin-wall parts. In either case, a
polymer melt is injected in a cavity by high
injection speed and pressure. In addition, a cooling
rate becomes extremely higher because of very thin
cavity. Thereby, high molecular orientation occurs
in the inside of the molded parts in comparison with
conventional injection molded parts. This molecular
orientation has to reduce because the birefringence
occurs. Furthermore, the skin layer is formed on the
surface layer of the molded parts by the high
cooling rate. This skin layer should be reduce to
raise the replication of the mold surface structure.
The birefringence and replication properties are
important with a transparent amorphous polymer.
Semi-crystalline polymer consists of a crystal phase
and amorphous phase, which is formed skin-shear
core structure with crystallization. The influence of
molecular orientation and crystallization in pIM
becomes large than conventional injection molding
(CIM), because the polymer melt is injected in a
cavity by high injection speed and pressure and
then is quenched. This molecular orientation and
crystallization affects the mechanical, optical, and
thermal properties of molded parts. In this chapter,
polymers scaling effects as flow behaviors,
higher-order structure and engineering properties of
molded parts in uIM were clarified.

Optical Properties of High-Density
Polyethylene in Injection Press Molding
for IR System Lenses

R.Kaneda, T.Takahashi, M.Takiguchi*, M.Hijikata*,
H.Ito**

*CHINO Corporation, **Yamagata University
Polymer Engineering & Science, Vol.58, pp.632—
641 (2018)

An experimental investigation of injection press
molding (IPM) was conducted to assess high
infrared radiation (IR) transmittance with an opaque



state (low-visibility ray (VIS)
necessary for IR system lenses as a target
high-density polyethylene (HDPE) IR transmission

material. The changed conditions were the cavity

transmittance)

open distance and delay time considering the
polymer melt flowability. Other molding conditions
were held constant. Mold surface roughnesses of
two kinds were used. Data for IR and VIS
transmittance were evaluated using measurements
or observation results obtained for surface
roughness,  thickness, scanning

calorimetry (DSC), crystallinity, and the internal

differential

structure. Results show that the surface roughness
and thickness of molded parts did not influence IR
or VIS transmittance. For thin skin layers with low
chains, the IR
transmittance was higher for longer delay times.

orientation of  molecular
For low molecular chain orientation in the shear—
core layer, the VIS transmittance was also low. The
molecular chain orientation differed depending on
IPM conditions. Setting a longer delay time
produced a uniform distribution of the molded part
thickness. Furthermore, thickness became a
constant value when a mold with high surface

roughness was used.
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Demonstration of extended-gate
structure for pH sensors based on
amorphous indium-gallium-zinc oxide
thin-film transistors

Shinnosuke Iwamatsu Kazushige Takechi*
Hiroshi Tanabe* and Yoshiyuki Watanabe

THE 25th INTERNATIONAL WORKSHOP ON
ACTIVE-MATRIX FLATPANEL DISPLAYS AND
DEVICES (AM-FPD18) (2018.7.6)

For the purpose of improving reliability of our
high-sensitivity pH sensor based on the top-gate
effect in amorphous indium-gallium-zinc oxide
thin-film transistor (a-InGazZnO TFT), we propose
extended-gate a-InGaZnO TFT pH sensor having an
ALD-AIOx/sputtered-TaOx layered top-gate
insulator and a Ti extended-gate electrode. Unlike
our previous insulated-gate a-InGaznO TFT pH
sensor, we do not need to immerse the TFT sensor
device into the solution, and thus we could expect
improvement of its reliability. We discuss our
primary results for the extended-gate a-InGaznO
TFT pH sensor, including its pH sensitivity and
response to a pH change of 0.05.
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