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Development of Organic-inorganic Perovskite Solar Cells

HIR ZNIS S AITIE e
MIYAZAKI Koki HONBO Ejji YOKOYAMA Yoshiyuki

mH HER ST ES I CIN
TAKATA Koji TERASAWA Takashi ~ MATSUDA Toshihiro

Abstract
The photovoltaic generation is attracting an attention as clean energy for a sustainable society. Recently, solar

cells with organic-inorganic hybrid perovskite materials were developed, and its conversion efficiency is improving

rapidly. Furthermore, low-temperature fabrication process of perovskite solar cells allows flexible structures, which

are advantageous to wearable devices.

In this study, organic-Inorganic perovskite solar cells were fabricated by low temperature process. The cell on

glass or plastic substrates had a 5 layer structure of ITO bottom electrode, TiOz2 electron collector layer, perovskite

layer, hole transporting layer and Au upper electrode. Fast deposition—crystallization method for the perovskite layer

and sputtering for the porous TiO2 layer improved conversion efficiency.
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Fig.2 Operating principle of organic-inorganic hybrid perovskite solar cell.
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Fig.3 Patterning of positive electrode and negative electrode.
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Table 1  Sputtering conditions of TiO, films.
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Fig.6 Surface structure of TiO, at the sputtering condition.
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Fig.9 Crystal structure of TiO; films at the sputtering condition.
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Fig.10 Crystal structure Perovskite layer on heating.
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Fig.11  Crystal structure of Perovskite layer by FDC.
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Fig.12 Surface structure of Perovskite layer by FDC.
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Table 2 Film-forming conditions of each layer.
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Fig.13 J-V characteristics of solar cell
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Fig.15 SEM image of cross-section observation.
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Fig.16 J-V characteristics by Thickness of perovskite layer.
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Table 3 J-V characteristics by Thickness of perovskite layer.
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Table4  J-V characteristics of solar cells on plastic substrate.
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Laser Coating using Composite Resin Powder
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Abstract

As a thing required for functional laser coating, laser optical absorption material, a binder and a functional material
are mentioned. However, about a functional material, it is possible that the characteristic cannot be demonstrated
according to the state of coating. Therefore, the laser coating which improved functionality and was excellent in
efficiency and economical efficiency by hybridization in a functional material was tried.

At first, laser coating was performed using the composite resin powder made from resin powder and copper
powder for the purpose of giving conductivity on a resin plate. As a result, it succeeded in coating on a resin plate,
and conductivity was also acquired. Moreover, it was shown as compared with the result which carried out laser
coating only using copper powder that comparable conductivity is acquired. Furthermore, it was confirmed that laser
coating with lower power is possible by using composite resin powder.

As functions other than conductivity, laser coating of a fluorescent substance was performed for the purpose of
giving fluorescence. As a result, it was shown that laser coating is possible if only the fluorescent substance is used.

However, it was not possible to coat with composite resin powder made from LDPE and a fluorescent substance, and

it was necessary to consider the mixture.
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Fig.1 Model of Composite resin
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Table 1 The specification of the laser processing equipment
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Fig.7 Surface state of coating film of composite resin (power 25%)

(b) #ERfE

(b) Compositional image

(c) ¥tz
(c) Compositional image

8 #HALEIEMDI—T 12 J IEOREKEE (Hi 1 50%)
Fig.8 Surface state of coating film of composite resin (power 50%)
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Application of X-Ray Tomography for

Shape Measurement and Deformation Evaluation

LI N FEH G I B SR HAT
ASANO Kenta TAKIDA Satoshi TSURITANI Hiroyuki KANAMORI Naoki
A H3C HH e Rz
YAMAMOTO Takafumi  YOSHIDA Tsutomu SAYAMA Toshihiko

Abstract
In recent years, the industrial X-ray CT apparatus has been widely applied due to its powerful features; namely the

non-destructive observation of the internal structure of the object, the measurement of the internal dimensions of the

object, the in situ observation of internal changes of the object, and the continuous observation of changes in the

same object. In this research, the X-ray CT was applied for evaluating the reliability of solder joints in a switching

regulator packaged by rubber. At first, normal and failure specimen loaded by accelerated thermal cycle tests were

compared. Some cracks were detected in all observed solder joints in both specimens. As a result, qualitative

judgment of normal or failure by only observing the cracks with X-ray CT is considered impossible. Next, for

quantitative evaluation of the crack propagation process, the fatigue crack length was measured from the CT images.

Consequently, the possibility was showed to judge malfunction of electronic equipment and to evaluate the reliability

such as fatigue lifetime estimation.
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800 cycles loading.
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power ratio lower than 85%.
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Fig.12 CT images of normal specimen having output to input

power ratio higher than 85%.
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Fig.13 Crack propagation process in a solder joint due to thermal cyclic loading.
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Fig.14 Crack propagation process in a broken solder joint after 600 cycles due to thermal cyclic loading.
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Fig.16 Crack propagation process in the solder joints.
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Study on Method of In-Process Tool Life Detection
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Abstract

In cutting process, it is important to use up tools for higher efficiency. However, in the development stage, it is

impossible to carry out a large number of machining to determine a real tool life. Thus, the tool life is determined

based on the machining precision of the products in mass production stage. Furthermore the tool life is estimated in

consideration of a safety factor which depends on tool quality variation or the risk of chipping. When the safety factor

is applied to the tool life estimation, stable machining accuracy can be obtained. However, it’s difficult to use up the

tool. In this study, the vibration signals during cutting were measured and those signals were processed to detect

the tool life. As a result, there was a possibility to detect the chipping of cutting tool by the following procedure. First

of all, the frequency components of signals which were not caused by cutting, were removed from machining

vibration signal. After that, the signals were processed by the Mahalanobis-Taguchi (MT) method.
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Fig.9 Chipping detection by vibration from workpiece using MT method.

9. XX ARDOYEIREIZLSF v EV T
<9. 1>EEFICIOMTIEEZFRA LT > v 7 /it
FHhod XYZ Fmooh T—FUIHIIREIN R & < FHIIS iz X 7
MOUIHEREN S T B2 THAEAITZ D0t e 1T o7, £7°
T — 7 QOGRS & FRRIC, ARTAEARE 5 &, FHT —
HEEDH L MT I ECF v B VAR 7T, 110 12 MT ¥
2RI Uiz oo X HOUIHERENC X 2 v o 7o
BERT, Y7 70KBORIT, K9 LRETH D, SERIED
RIS C MD EOMENNC R E < g o TN 503, BEIRCITIER
HWEFEDOMDIETHY , Fv B 7 EBEITE TR,

<9. 2>UHINTICERE L & B2 SN DIRIZRE LE
FRDTF v B TR

B 11z, o X HrouEHREIO A k1 /'T AEIR
T B, REEA RS, i RS LTk Y . ARk TN
T =AY NVEEORE SERLTCND, AN 25120
o TEDJEBEEAHIROIEI AR E L 72D Z L BFRB LT D,



B, 15 20 B & THUIEIIN LR CZ DR, BhEX
1) FEEIHIMNLIXH T 5, BIHPNLTXRE, FEHINLXEO
EEEDTe <, WTHNORHTHIREIA R E VIR IE 1.4~

1.9kHz OffdkiE, UIHNCBRE LV M35 L5 2 B, fETCESR
BERIFT 2 EMESNT, 22T, ZOREEEHSCHRRC
DIHNCBEE L7 & 3B 2 B2 SR 7 1 v 2 ECHIHI
RENOBRET DL L LT

O : EEE (0~67.5m)
m BRE (67.6~69.9m)
W EEiE (70.0mBLkE)

40

B

1 TP .

S

N

V20

D

> 10

0

0~67.5| 67.6~69.9 70.0~
e R5R EEiE

tIHIEERE m

10 MTEZFIA L= X8 X AROUIEIRENIC L 5F v E T
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using MT method.
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Fig.12. Chipping detection by vibration in X-axis direction from spindle head
using the MT method with filtering.
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Fig.13.Chipping detection by vibration in Z-axis direction from spindle head.
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Abstract

The joining technique of metal can be carried out in many different ways, such as welding. When joining especially

solids, solid state bonding is used. There are ultrasonic welding, diffused junction, etc. in solid state bonding.

Ultrasonic welding is joinable in a short time, and the technique has an advantage which can carry out junction

directly, without using adhesives, a binder, and so on.

Ultrasonic welding is mainly used for joining soft metal sheets each other. We investigate practical techniques of

ultrasonic welding for thick materials and hard materials in order to expand the application range of it. In this report,

we examined shape of welding horn for vibrating these materials. In addition, basic joining techniques to join

aluminum rivet and ceramics bead to aluminum alloys for housing material were investigated. As a result of research,

it became clear that proper joining system was required to make these materials joinable. Aluminum rivets could be

joined directly to the aluminum plate, and ceramic bead could be joined with insert material.
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Study on Wearable Power Supply 11
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Abstract

Organic thin-film Solar Cell (OSC) is attracting attention as a clean energy source aiming for a sustainable society. In

this research, we have been developed the OSC for wearable compact power supply. The characteristics of the OSC

were evaluated. As a result, we knew the element technology to manufacture the OSC and to improve of the conversion

efficiency. The key points to improve the conversion efficiency were as follows: ITO with porous structure, PAn as buffer

layer to transport holes, and the film thickness of the active layer is set to an appropriate thickness. Next, it was found that
the annealing of the active layer changed the J-V characteristics of OSC. For the large area OSC on the glass substrate,
the maximum value of the efficiency was 0.55%. For the flexible substrate, the efficiency was 0.34%. To evaluate the

performance of the power supply, the smart watch of the wearable equipment was charged using a low voltage DC-DC

converter and the PET-OSC.
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Fig.1. Structure of organic thin-film solar cell.
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Fig. 2. (a) Materials of buffer layer and active layer,

(b) Energy level of OSC, (c) Structure of active layer.
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Study on Thick-film Piezoelectric Element for Energy Harvesting-111
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Abstract
An energy harvesting (EH) technique using piezoelectric devices which generate electric power from vibration

energy in a surrounding environment was extensively studied for a power source of mobile devices and wireless

sensor networks. We have studied the vibration energy harvester (VEH) elements using lead zirconate titanate (PZT)

thick films by a screen printing method. However, the size of the VEH elements (26 x 4 mm?) used for the performance

evaluation previously was too small to drive wireless nodes. In addition, the preparation process was complex. In this

study, we aimed to enlarge the VEH element size sufficient to drive wireless sensor nodes and to simplify the

preparation process of VEH elements. The VEH element size was increased by improvement of screen-printing
condition and paste rheology. Maximum output power of the upsized VEH elements (26 x 75 mm?) and the
conventional elements were approximately 701 and 18.1uW, respectively. The number of firing process was reduced

from five times to one time for the VEH elements prepared on yttria stabilized zirconia (YSZ) and Inconel substrates.

The maximum output power of the VEH elements prepared on YSZ and inconel substrates by the simplified process

were approximately 564 and 226 yW, respectively. The prepared VEH elements successfully drove wireless sensor

node without battery by using the vibration of a rotary pump.
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Fig. 1. Preparation process of piezoelectric thick films.
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Fig. 2. (a) Schematic image of a piezoelectric thick film and (b)
photographs of the prepared piezoelectric thick films with the large base
plate (76 x 22 x 0.2 mm?) and the small base plate (16 x 2 x 0.2 mmd).
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Fig. 5. Block diagram and photographs of the radio communication
system.
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Table 1. Electric properties of the piezoelectric vibration devices.
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Fig. 7. (a) Output voltage and (b) output power versus load resistance.
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Fig. 8. Temperature and humidity data of a radio communication
system using the 5F-YSZ-L sample.
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Table 2. Electric properties of the piezoelectric vibration device.
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Fig.9. Reflected electron image and elemental images of cross section for
4F-INC-L.
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Table 3. Piezoelectric specification and output power.
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Fig.12. Relationship between resonance frequency and weight.
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Fig. 13. Relationship between maximum output power and weight.
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Table 4. Measured resonance frequency and calculated resonance

frequency.
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5F-YSZ-L 0 425 436
5F-YSZ-L 0.24 35.9 359
5F-YSZ-L 0.87 277 26.4
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1F-INC-L 0 322 4022
1F-INC-L 0.24 276 34.0
1F-INC-L 0.87 215 257
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Fig. 14. Relationship between output voltage and frequency of 5F-YSZ-
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Table 5. Radio communication test results using the piezoelectric thick film
vibration devices.
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Fig. 18 Measured temperature and humidity data by the radio
communication test using 1F-INC-L.
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