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SUMMARY

[. Theme

O Using Energy Harvesting System for Road Traffic Control Facility

II. The purpose and necessity of Research and

Development

O Most of the chemical-—based batteries equipped with electrical and
electronic systems occupy a large volume, as compared to other energy
storage device and have a problem with decreased efficiency as

long—term use.

O Thus, it is necessary to develop a power source that produce electricity
itself in the system difficult to replace batteries and long—term use, and
the power source is used to maintain a stable system when the system is

attacked by an external force.

O f the power source uses energy produced not by external source, but
Energy Harvesting System, it will be able to have a permanent working
life.

O Pressure energy is one of these energy and the most common source of

energy.
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Development of
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[I. Content and scope of research and development

The research of the 1st year is mainly performed in the laboratory, and it is

as follows

(1) Power generation module design and manufacturing technology development
using Energy Harvesting technology.
o Development of piezoelectric ceramic composition of high—efficiency
- Analysis of MPB changes for the development of 3—phase piezoelectric
ceramic composition
- Confirmation of the sintering behavior and Improvement of the fine
structure.
-  Temperature dependency evaluation of the electrical properties of
3—phase ceramic
- Deriving optimum sintering conditions by properties evaluation
o Development of piezoelectric ceramic thick film process
- Having 3—phase piezoelectric ceramic slurry conditions
- Deriving temperature profiles for optimum sintering
- Improvement of lamination process for the optimum film thickness
o Analysis of MPB changes by composition changes of PbZrTiOs;—based
ceramic
o Understanding of the sintering behavior by sintering temperature and
whether the second phase formation
o confirming temperature dependencies of piezoelectric properties of
PZT—based ceramic
o Establishment of optimum sintering conditions by piezoelectric properties

evaluation

(2) Development of Energy Harvestring power charging and control devices.
o Design for AC—DC converting rectifier circuit
o Design for DC—DC boost converter circuit

o Design for charging delay circuit

(3) Development of cat’s eye strong on heavy climate and other external

force.



o Design for road fog light and Making a Mock Up

o Design for LED drive and control circuit

(4) Development of the cable connecting method between lighting device and
Energy Harvesting device and underground technology
o Analysis and design of connecting between cat’s eye road marker and

piezoelectric ceramic and underground construction method.



IV. Result of Research and Development

(1) Power Generator Module Design & Manufacturing Process Development via
Energy Harvesting Technology

o Piezoelectric formation test and the result of the characteristic evaluation

of the sheet, which is a production of this project, show that the goal of

this research has been fully achieved. The result shows that the value of

piezoelectric ceramics, which algebraic form is dss X gs3 (107"°m?/N), is

12K, kp(%) is 58%, and Curie Temperature (Tc) is 330C.

o o o
o O e
] o
o o) -

(2) Power Charging and Control Device Developing for Energy Harvesting
o In order to maximize the charging efficiency, the circuit has been designed

for low power device using LC matching circuit.

o Designing the booster circuit for the piezoelectric ceramics harvesting; this
circuit, which is using LTC3459/TSOT—-23 chip set, raises the voltage
from 1.5 to 3.3 volts. This circuit is also applied pull—up and pull—down

method for the boosting power and the switching type power circuit.

(3) Developing Road—line Guiding Device on Heavy Climate and Other External
Forces

o Road Fog—guiding Light Specification

o Following 1s the piezoelectric harvesting circuit, which is binding an

illuminometer and the LED driving circuit.



(4) Developing the cable connecting method between Road Guiding—Light
Device and Energy Harvesting Device and Its Laying Method.

o During the first year, the study about the laying method has mainly been

doing for the analysis and design of road conditions, and the waterproof

test for the Guiding—light device and the connection test for the Energy

Harvesting device will be done in the second year.
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o The 1st Year: Analysis and Design for the Laying Method



o The 2nd Year: Applying the Laying Method and Test
o The 3rd Year: Finding the Optimum Laying Method and Ideal Maintenance




V. Utilization of Research and Development Plan

O For the entire industry to ensure environmentally friendly energy, green
technology by carbon zeroing secure and clean energy green energy can
be recycled to maximize energy efficiency and use of fossil fuels that can

reduce the impact of green technology to new business is very high.

O Habeseuting the world market, ubiquitous, wireless, mobile electronics
mainly formed by a small auxiliary power 4 trillion won ('07) only on the
size of a future, Robotics, aerospace, automotive sensors, such as driving
power, medical, healthcare, RFID Driving this growth has led to power
five years later, at an altitude of 51.5 percent is expected to grow a

large market of 76 trillion won in 2019 is expected to form authentic.

O Ubiquitous technology, a key element of the future by securing various IT
equipment, cars, computers, medical equipment, such as various electronic

devices, cleaner industrial competitiveness are improving.

O Using Piezoceramic the development of self—development modules
Transcendentalists typical electronic device through the embedding
technology various electronic equipment, appliances, medical equipment,
buildings and other infrastructure elements to control the power supply is

available.

O Gunsuyong development equipment, medical devices, auxiliary power, the
car's two primary power unit, electronic products, ie, Wearable Computer,
MP3, GSM, Bluetooth devices, etc. can be applied to larger ripple effects
of the related industries is expected.
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<3 2—-2> Energy Harvesting®el] 82 & Sl& v oYz«
Posersouica Power Enefmr Power Sauulﬂar? Voliage Gnrm(ﬂlr
(e Wifem® | Uoules)fem® | (u Wi/ormfyr needed?| regulation? | available?

Piimary battery M/A 2880 80 Mo Mo Yes
Secondary battery | NA 1,080 34 N/A WA Yag

Micro fuel cell M/A 3500 110 Maybe Maybe Mo

Ura capacitor NA 20100 16-3.2 Na Yes Yes

Heat engine 12106 3,346 106 Yeg Yeg No
Radicactive (Mi) 0.52 1,640 052 s Yes No
Solarioutside) 1:5,000" /A M, Lisualy Maybe Yes
Solarlinside) 10" /A MIA Usualy Maybe Yes
Temperatune 40" /A MR Ususly Maybe Soon
Hurrnian power 330 /A MNA Yes Yeg No

A flow 380 /A, M, Yies Yes No
Pressure variation i WA, NIA Yes Yag No
Vibrations e /A MR Yes Yes No

* Measured in power per square centimeler, rather than power per cubsc centimeter.
T Demonstrated from a 5C temperature differential.
T Assumes an air velocity of Smis and 5 percent conversion efficiency.
= Based on lem? closed volume of helium undergaing a 10°C change once a day.
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<3 2-—5> Characteristics of Vibration Power Generators

. Volumetric | Operating
o Frequency | Displacement
Institution Power Voltage
(Hz) (um)
(CW/cm3) V)
UC. Berkeley
. 21 1
(USA) 85 7.9 0 0
Virginia Tech.
30 - 230 3
(USA)
MIT 13,900 0.014 5,000 2.4
(USA) ' ’ ' ’
Uni ity of Tok
HIVErSiy 0f 20RYO 10 990 75 200
(Japan)
- ) 3
ong Kong OUniversity 4,100 99 50 0.4
(Hong Kong)
Waseda University 6 0 97 9.4
(Japan)
Hitachi
45 30 - -
(Japan)
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<1%9 3-53> XRD patterns of the Pb(Zrps4Tio46) O3 + x wt% NbsOs + 0.2
wt% Cr:03 (x=0.0~2.0)specimens sintered at 1100~1300 C for 2h.
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0 <% 3-54>2 ZA Pb(ZrpsaTinas) O3 + x wt% NboOs + 2.0 wt% Cro05°A
NbyO5S 0.00014 2.07FA ®WEA7]2 1200ColA 4A 7+ 243 oA bulk A&A
EHe SEM Azl

(@) x=0.0 4 um

(b)x=0.5 {c) x=1.0

(&) x=2.0

<Z1¥ 3-54> Surface SEM images of Pb(Zros4Tinas) O3 + x wt% NbyOs +
0.2 wt% Crs03 sintered at 1200C for 4h: (a) x=0, (b) x=0.5, (¢) x=1.0,
(d) x=1.5, and (e) x=2.0.
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o &+ AT dsswtd ZIAIA AT kpatel & A (MPBYEY) ddEAo] =4
YERF 2 NbyOs7F 1.0 wt% H7FE Al 1200 Cold 249 A4S Aes
<E 3-2> X PbUrosaTious) O3 + 0.2 wt% CroO3 + x wt% NbyOs 2] EA3k
Temperature x k, (%) | dss(C/N) Cn Er Phasex
0.0 47.2 202 240.9 522.5 R
0.5 38.6 312 98.9 601.9 R
1100C 1.0 59.5 387 70.5 572.6 R
1.5 54.7 254 49.1 591.6 R
2.0 54.0 217 49.5 531.9 R
0.0 51.1 192 285.9 537.9 R
0.5 50.3 260 67.4 1016.2 R
1150C 1.0 54.0 418 121.9 | 1113.2 R
1.5 58.8 304 66.2 997.0 R
2.0 51.1 249 46.8 785.6 R
0.0 48.0 185 337.7 497.3 R
0.5 60.1 223 162.5 406.5 R
1200C 1.0 72.9 463 90.0 1539.2 MPB
1.5 71.8 383 71.2 1521.2 T
2.0 70.6 300 70.5 1899.3 T
0.0 54.7 192 267 592.2 R
0.5 58.8 217 199.1 541.4 R
1950C 1.0 71.8 427 70.2 14954 | MPB
1.5 70.6 425 70.1 1899.3 MPB
2.0 58.1 355 88.9 1644.9 T
0.0 54.0 191 187.5 630.2 R
0.5 56.1 217 128.5 559.4 R
1300C 1.0 70.6 416 942 | 1578.3 | MPB
1.5 75.8 435 81.8 2041.4 MPB
2.0 65.8 372 87.6 1839.8 T

Phase* : R:(rhombohedral), T:(tetragonal)
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(2) A Pb(Zros54Tioss) 03 + 1.0 wt% NbsOs + x wt% Cro03 bulk EA

o <% 3-56>9 <I¥ 3-57> Crp0:9] H7Mgwste] W vlFd&, 7IAZAS

A, A (dss, g33) & WERE

o H]FAE&E Impedance Analyzer(Agilent, 4294A, <I1¥ 3-55> %)

* =
ahol Lhpel Aol FA8F CE Fd F g Joz §845E ANt

RIS

C= [F]

-+

714, C: AL
S

AEEREE

<Z1¥ 3-55> Precision Impedance Analyzer (Agilent 4294A 40 Hz ~
110 MHz)

o <1¥ 3-56>& %A Pb(Zros54Tioas) O3 + x wt% Cr:03 + 1.0 wt% szOsoﬂjﬂ
Cry052 0.0914 0.47FA W3A 7122 1200CoA] 2A17F 4243 9+d bulk A&
o] AN AAEASF kp) S VEFH
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A7NVNAAGATE 0.2 F7F 2ANA &nbs] S7kstithzE 1 o) 2AA
S YER L 9l Cro03 H7FFe] 0.2 wte =45
Vedt Fol FEIE AAA JAF-Tol BEIFEA ] FAH uet 177
t T STkl Z1Q1e Ao® BAHAS

<% 3-57> Pb(ZrosiTious) O3 + x wt% Cro03 + 1
Cr:035 0.0°14 0.47k4] W3}A]7130 1200ColA 2413F 243 &3 bulk AlHE
o] ¢t (dss) & ERATE Cr030] 0.2 wt% A7 E0S W A7\ AAEAF

(kp) ok G (dsz) 7F 271 WERom ojwj7k MPB 9= &2 = 3=

2000 B0
T
=g J3-If£|]
150} K 75
! - —_——
o e ¥ v
w— ¥ 4 70
l[i'ﬂ{l B ?
=
—
=~ v -J{;s .
" - - "
w1400 F V. ..f
L 4 - 6l
120My 135
]“ﬂﬂ L a 1 . 1 a ] . 1 5“
. .1 0.2 0.3 0.4

) [
xtilfnlilzﬂ;

<Z1¥ 3-56> Variations of the €3/ ¢eq, kp of Pb(Zros4Tious) O3
+ x wt% Cro03 + 1.0 wt% NboOs with 0< x < 0.4

550 45
=== Dss
—v— gs.'i
= 500 - b4 a9 - 40
-
: - \ |
.-.= > =
- ——
- 450 |- 4 358 B
—
" L ]
e
I:|""- ‘F’\____,V
4iH = —= 30
W
-
Sm 1 e 1 . 1 i A i L 25
0.0 (LN | 0.2 0.3 .4

- el Tow
x wi /0(|l03

<Z1¥ 3-57> Variations of the Dss, gs3 of Pb(Zros4Tigas) O3 + x
wt% Cro03 + 1.0 wt% NbyOs with 0< x < 0.4
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5‘5?51', <I1¥ 3-58>E XA Pb(Zros4Tious) O3 + x wt% Cro0; + 1
Nb2Osell A Cry035 0.0614 0.47bA] W3tA| 712 1200CelA 2A17F A4 oA
bulk Al 2] XRD &<

g BiEwkel o] A4 (rhombohedral) 7% AWA (tetragonal) 3=
et = XA 34 peak7t 26 =45" FZoA EAsHY, AW FxE (200) %

(002)Ho] F&EstH, A Fx= (2000 WY ZA)3=d], o]5 34 peakel 9
./1:

-

A 9= 2 AFel pyrochlore (29 =28 &

&
oM B S ARG BREA ko, & ddE AS & ¢ A=

XRD Hel& wmw o] # d4d AL FAd 5 9on] SEM S 3 A

s
5 - == =5 =
2 - 8% g
el i, i s s i fe) x=0.4
> |
P —; i
7 o) Lt . k0 . A oo b ey __}‘J\_. _____ (ilyx=0.2
&
E 3 () x=0.1
] }
i J ., j i i (lrp x=0.05
b
lli (]
_-'If\__m_‘..«._J LWNMMMM\ (#) x=0.
I i | ; I

20 30 40 20 60
20

<% 3-58> XRD patterns of PPb(Zrps4Tip4s) O3 + x wt% Crs05 +
1.0 wt% NbyOs with 0< x < 0.4 sintered at 1200TC for 2h: (a)
x=0, (b) x=0.05, (¢c) x=0.1, (d) x=0.2, and (e) x=0.4
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o <19 3-59>& ZA Pb(Zros4Tious) O3 + x wt% Crs03 + 1.0 wt% NboOs501 A4
Cry05Z 0.0914 0.474 WA 712 1200CoA 2A7F 243 dbulk AJHE
H o] SEM Abxl <]

SEM AHd& &8 dAldom U3 A

<19 3-59> Surface SEM images of Pb(Zros4Tio4s) O3 + x wt% Cro0O3 +
1.0 wt% NbsOs with 0< x < 0.4 sintered at 1200TC for 2h: (a) x=0, (b)
x=0.05, (¢c) x=0.1, (d) x=0.2, and (e) x=0.4
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) PbZrTiOs Al Algkele] 24 wsle] w& MPB Wisl 47 PZTA Akl o
A5G g 25 A

o

slo
1 =

o ofg] LA wel G 54 WEtE BAst o, Aty WSt wE
277z MPBY 99l ®Wists el yehiSith

<3 3-3> A Pb(ZrosiTinss) O3 + x wt% Cr:05 + 1.0 wt% Nb205°] 573 %k

Temperature Y k, (%) | ds3s(C/N) Qm Er Phasex
0 64.5 164 68 1449.6 R
o 0.1 66 474 77 1567.6 R
1150C 0.2 65.1 156 87 1496.4 R
0.4 56.5 372 235 1273.7 R
0 65.4 164 68 1323.2 R
0.1 70.1 494 72 1750.7 | MPB
1200
0.2 705 479 90 1654.6 T
0.4 62.3 375 306 1459.8 T
0 59.8 360 52 1270.2 R
0.1 61 370 99 1280.7 | MPB
1250
0.2 61.1 400 80 1391.9 | MPB
0.4 56.1 320 248 1115 T

Phase* : R:(rhombohedral), T:(tetragonal)

o Aw7kA 9 54E4e F3;AM Pb(ZrosiTiosws) Oz + 0.2 wt% Cr:0; + 1.0 wt%
Nb.Os& 7122402 o] ¢4l SHEETE AZegl&
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t}) sheet ¥4 93t sluury AF L 2AxA g

ganed
| S
Of e 2
BYK111

g4neg
£39
PVB

DEP

<% 3-60> ¢+A sheet Az 774

HIAS EAA AR Pb(ZrossTioss)O3 + 0.2 wt% Cro03 + 1.0 wt%

NbyO5 %4 © 2 sheet castings 33 &
2] 3 H}FH

= U

A ZE A=

rlo

99 =43 @ <18 3-60>9 #o] dntH el uATAHE AR5

94 Pb(ZrossTinss) O3 + 0.2 wt% Cry03 + 1.0wt% Nby,Os A4S wHE7] 914

PbO, ZrOs, TiOs, Cre0z, Nby059] 98-S 1000ml Aol 3}tz el *

3 vlgel wet 0.1mge] xRl flelA FEstAl 400 & BFE ol 99% oleE

S 200ml ¥S

A E o] EF4, vk, BYK111S H7iste] B 2443F 5ot 23 &

1S st 5, oAl EF¢l, ke nily (PVB), DBPE #H7bst & SR 24
]_
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of 7IEE AAsY] S8t Ex7]M B F<OH

3—-61>), &oF A& 7IEE AAs7] Yl 2443 T4 Agings S (K1H

<19 3-62> Aging 93t Ball-mill &5

<Z1¥] 3—-63> Tape casting ] <% 3-64> A sheet BFH

=

o WhEolxl £ ¥lE Tape casting WA oF 50m FAE 7HXi= sheet® 3k

o
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o #A3 | Fx9 60 x 30 x 0.2mm =7]9 sheet® WHE7] 8 52m]

sheetE 5% ZF3slo] ghujylo]d o WIPHH]E o] &3t akeldlar, o 70
X 40 X 0.22mm A7|2 2P (K™ 3-65>, <18 3-66> FX)

TFEo] % 9 sheetd] 2AFAS F7] 8l TG-DTA w4 (K28 3-67>) &

binder burn outz}

L2ZEE =

L

<1 3-65> Ay ~d T AHEPY

Laminate - ThesinteredBody |

ieaosctic 5 heet nEr 2RAAWIRY

Thickness of a sheet = 52 um % 5

After Sintered

70 mm

L
L

Dimension 59.34 * 29,45 * 0.185(T) mm

<1¥ 3-66> ¢4A sheet 2F A5
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<19 3-67> TG-DTA =A3k

o uwEbM T vy FES feiA 600%k0lM T 4

Y 3-69>= vl 9 Burn—Out AL el UL

Binder Burm Ouwl Process

600°C, 1h
GO0 S -
O .
D 4 350°C. 1h i sh
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o 300 -
(.
%}- ;
200 A ih |
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@
I— 100
0 - L]
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<19 3-68> ¥kl Burn—Out =4
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24 2738 #7) 98k 1000 ~ 1200Co 22 Ay, 2245 Al
silver epoxy pasteE ©]83}o] 550TCoA AHF 3o FAsR o, A=
AL 120CE AgF AAS dellA 2.5 kV/imme] A7 AFAE 16% <
7heto]l E=AE el

(@]
kr
ro

R
flo

AC)

=\
A
©
2
o
2
I
[H
e
o,
i
-
o
=
El
32
dlo

o <% 3-69>2 ¥ FAlolA AR F

<19 3-69> #2719} AsATEZUEY

AZIM, o A DX [g/cn]
ohg : &2 WX [g/cn]
FoollAd Al FA [g]
B @ 375l Al FA [g]
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o
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70
12900 .,
—tzs00 ~*
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—112600 -2
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—{ 1200
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<1¥ 3-70> sheetd SdHEAZ
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<3 3—4> sheet EA %

Teml()ezr)ature c(lz:/ncsr;c;; Q. drg K, (%) .. (pis/eiq )
1085 7.7 71 12,151 | 57.9% | 1016.5 330.7
1100 7.8 83 12,856 | 53.0% | 1202.7 370.0
1115 7.2 79 12,670 | 57.0% | 1075.2 347.3

o <71¥ 3-71>% 1085ToA 243t sheetq] &%°] W& Fd& 182

o SAFIFE 102HzolA 106Hz2 WSAA 7HaA FAE&Fs S48 7, 44

Ao A3 T ge Yol &R ksl de 1z

o 330CelA FH&9]
st om, fFelf ol 2R bzt ZhejAd HAAZE HEGe A

7] wel Feldel e5% daAel Aol WA

SO0

25000

Siileel]

13000

10001

Dielectric constant

S0a01

o ¢HEA

=y Aga

4% W3tz 24 (Curie Temperature)©] 330CY S &

—e{1E02Hz)
—e(1E03Hz)
e{1E04Hz)
—g(1E05Hz)
—g [ 1E06HZ)

L] il 300 HHI 500 BOO

Temperature[°C]

<1¥ 3-71> sheet Tc data

lu

0]% sheet Az & sheet EAAH7IEAH=EZMA  Energy

Harvestings ©]| &3t T20F A|EE AAAAAH /S $13 Az o] &4

o ®E das

X g33

(107 "m?/N) 7} 12K, 7NNAAEASF kp(%)= 58%, Curie

Temperature®l Tcx 330CE FAEZEAE 47 100% 23S
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Dielectric Constants
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<1¥ 3-77> 4H ANE 24w Wl wE 7)AZAT A5 3t(kp)

A 2 Ade T A AE A 5 S8FME Fste] AP EE AL
Eat7)9lek obd At o] 54 ROE dys X gz (107 °m?/N)7F 13.5K, 71AA
A kp (%)= 62%, Curie Temperature?! Tcyx 340CE HAEBEXES ZHzt
100% 27dstaltt.
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Median Size : 1.98577(um)
Mean Size : 2.55328(um)
Std.Dev. © 1.9004(um)
Mode Size : 1.8521(um)
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<1¥ 3-84> 944 sheet #|2 #7F

HIAY EAAM AR Pb(ZrossTioss) O3z + 0.2 wt% Cry03 + 1.0 wt%
NbyO5%4 © &2 sheet castinge IS

A
=

oot

WS fle] =43 | <19 3-84>9 o] dnkAQl nAAdAN S AREsH

= 3

p

Al

BN
aleS

A Pb(Zros4Tioss) O3 + 0.2 wt% Cr:03 + 1.0wt% Nb,O; A S wHE7] 9]l
PbO, ZrOy, TiOs, Cry0s, Nby0s58 A& TS 1000ml FAlg el shehafFE2Ql =
73 vlgel wet 0.1mge] A Sl FEstAl 400 & BEFS Tl 99% ol
S 200ml ¥

S E 39t 74, e BYK111S H7bsle] B2 24A7F E¢F 231 &
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AZE FQ 33 BUS AYHS
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<19 3-86> Aging 9%t Ball-mill &5
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o HA3 B FF¢ 60x30x0.2mm =712 sheetE W=7 98 52me sheetZ
52 AHZsle]  ghu|dlolAd  Fof  WIPHB|E o] &3dlo]  AEP I Fo
70x40%X0.22mm Z7| 2 Zepd (K1Y 3-87>, <1¥ 3-88> Ix)

o W=l A sheetd] 2AXAES 7] Ydl TG-DTA &4 (K™ 3-89>) 3

binder burn outz}
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<71¥ 3-89> Ay &~d F AHEPY

Laminate | The Sintered Body 3

Piesoelectc § Shet | o 2RAAIEY

Thickness of a sheet = 52 um % 5

After Sintered

70 mm

L
L

Dimension 59.34 * 29,45 * 0.185(T) mm

<1¥ 3-90> A sheet F&F AR5
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24 2738 #7) 98k 1000 ~ 1200Co 22 Ay, 2245 Al
silver epoxy pasteE ©]83}o] 550TCoA AHF 3o FAsR o, A=
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—tzs00 ~*
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<% 3-5> sheet EA %

Teml()ezr)ature c(lz:/ncsr;c;; Q. drg K, (%) .. (pis/eiq )
1085 7.7 71 12,151 | 57.9% 1016.5 330.7
1100 7.8 83 12,856 53.0% 1202.7 370.0
1115 7.2 79 12,670 57.0% 1075.2 347.3

o <719 3-96>% 1085TCeA A4% sheet?] &%) W& F8& 2=4]

o SAFIFE 102HzolA 106Hz2 WSAA 7HaA FAE&Fs S48 7, 44

Ao A3 T ge Yol &R ksl de 1z

o 330CelA FH&9]
st om, fFelf ol 2R bzt ZhejAd HAAZE HEGe A

7] wel Feldel e5% daAel Aol WA

SO0

25000

Siileel]

13000

10001

Dielectric constant

S0a01

o ¢HEA

=y Aga

4% W3tz 24 (Curie Temperature)©] 330CY S &

—e{1E02Hz)
—e(1E03Hz)
e{1E04Hz)
—g(1E05Hz)
—g [ 1E06HZ)

L] il 300 HHI 500 BOO

Temperature[°C]

<1¥ 3-95> sheet Tc data

lu

0]% sheet Az & sheet EAAH7IEAH=EZMA  Energy

Harvestings ©]| &3t T20F A|EE AAAAAH /S $13 Az o] &4

o ®E das

X g33

(107 "m?/N) 7} 12K, 7NNAAEASF kp(%)= 58%, Curie

Temperature®l Tcx 330CE FAEZEAE 47 100% 23S
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HHAE ga80°] +53% Energy Harvester& HHAAE 7idstr] fside HHdE
Aol vlelsts b AstATd g AT SAel e o Algd A 24
& AAEIT 4 b AlEke] A gis 7 x AEE FEiA e 2 Ve =
e AAsigion, B A AR A2 Fe039 Nb0sE H7FeE Pb(Zross
Tioas) O3 ABFH A S 7102 AT Feo03 H7He & 424 2 o4Hd, 35

A]

KN
o=

Ox%

hardner® AF£% ),

AT

ZAbete] F A 9] Energy Harvesterd St Algte] x4
T
A S7F 59 &a37F ?1e, NbsOs+= softnerz ARE-H T,

s7F 52 37t v <& 3-6 Fa>

[e)

=

Y=

7131‘—1—) I ./;: T %7]-; Qm =

o

%

<E 3-6> AFA2 HI7HA &7

=
T

M

H 7t A

3} =14 (hardner)

Fe203, NiO,
CaO, AlgOg

[¢)
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Nb2O5, WO2

Laz03, Biz03,

[e)

e eto] A

(stabilizer)

CI‘gOg, UO4

= FpAlel A g 72

3oz AYstedr),
(Aldrich, 99%),
(Aldrich, 99.9%),0]1H,

sl BFsrd 4

o

TiOy (

OHL]-JO

H 1ol deEriglen, ArkA el Aeke A
45+ PbO (Aldrich, 99.9%), ZrO.

(Aldrich, 99%), NbyOs
£0.1 mge 2xFH L elA
3, 850TelA 24

3

s
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T

M
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APYAIRELS 1100 ~ 1200CellA 2 ~ 4A7HEe Ao, oy $2 Hhi
B3 5CE 39t 249 AJHLE silver epoxy pastes 0] €3Fo] 550CoA &% 3}

o PAstgon, AL HEl®E AAE 120TC Ay AdAG oA 2.5 kV/mme &
F AFAE 158 A7Iste A8 ik @718 EAAL X - Higxdfow =

Powder Element
Manufacturing Process Manufacturing Process

Impedance

dis
Te

Pb(Zros54Tious) O3 + 1.0 wt% NbyOs + x wt% Fe 03 o &% Aol Fey05 9
S 0.09A4 1.0704] 0.2t o= F7pARle we xRy HI7ME st 2deE
= 1100%94 1350%7H4 50% ¥4 oz Z7Azon, zhzbe] tAEA LS v
Zt
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+ Impedance Analyzer(Agilent, 4294A, 13 ZFZx)E AFE3ste] 1 kizolA

PN
T
o AR CE AT F v Aoz FddsE AAtst

22
o

C— 8g3't90'S[F]
o] 7] 4] PR L
SEHRI R IR K
t o AlEe T

g0 AEZFY FH&(8.854x107" F/m)

<19 3-97> Impedance Analyzer(Agilent 4294A 40 Hz ~ 110 MHz)

A Al o AVZIADGA ST (kp), NIAAZEAF QM) B FIAF(Q) S A
U]

=4
A A3s T8 AARA, AVIAd AT AV1E AqUAE Z1AF olvA

2 WA= 58&e HehdY, 7IAA FAAG A7171A dgka g el o oy &
Aol thet A=A, AAl AL AR Fakert 331 Fuks okl Ae-ets 549
deE 78] flete] w3 Fubeold YA (Zm), HeFak(=1,), 35T
(=f)= 58 3o 7A4 FAAFs AR =450l Al oy s

f_l_]_
mCe) Fusht wA YA oA Qo] kel Aol Y& & Ak a4

=L
N
2~
Jlmt

A& IRE standardel] <743+ Impedance Analyzer(Agilent, 4294A) =
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1 _ f,
Q—O.S%X =1 +0.574
Qm= lf 5

anr[l—(fr> ]RC

A71M, R @ A Al AFak[Q]

<1 398> 3 Po(ZrosTiose) Os + 1.0 wt% NoyOs + x wt% FexOs Sl & H55

<1¥ 3-98>&% Pb(Zr0.54Ti0.46)03 + 1.0 wt% Nb205 + x wt% Fe203
(x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) A9 34£%F &olt}t. Fe,037F A7Fg o uz}

5
Ak v Aol a4 ARAES % + Ak

- 148 -



<I¥ 3-99>% Pb(Zr0.54Ti0.46)03 + 1.0 wt% Nb205 + x wi% Fe203
(x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) 49 AIF EF3 22F EHES Yehdoh
A E3 Fe2039 H7hol T7tdas AR Ax Ay &d 5 29l

=

<I¥ 3-99> A Po(Zrosi T Os + 1.0 wt% NouOs + x wt% FeOs &) AJ8ise) 44 & nes
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<I1¥ 3-100>7 <I2¥ 3-101>%  Pb(ZrosiTipss)O3 + 1.0 wt% NbyOs + x
wt% Fes,Os ceramics (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) FA A2 Fey0; X33k
of W& FAET(dss) & (g33) & YEFATE Fey03 H7FEo] 7245 dysaba 7
Aot BEFe WEbElYh <T® 3-102>9] diz « gsz @b T3 Fep037F 7= 2
Ak A e <Y 3-103>2 Pb(ZrosiTioss) O3 + 1.0 wt% NbzOs + x
wt% Fe,O3 ceramics (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) A2 Fe,03 X
of w& A7|7|AAEA S planar coupling coefficient (k,) & YEFHS OH, <I1¥
3-104>2 71AA FAAT(Qm)E HEd T FexO3 7ol S7tstdA A7 717

r|

4 3l 4 FS yYetW oy JAA FAASE S eke A @3S U ER
ATt o)A Fex038 Aol o A5 F d33, kpe< RHoFAAR Qm S
=Y T AT, Fe057F 0.2 wt® H7Fe 24& st ddaxE A &3k
o}
500
] 1350_b
e B ——0 1350_a
; N 1300_B
400 4+ ,-;.:--““"" Bl A 1200_a
L 1250_b
— & 1250_a
s 1200_b
—~ - i & 1200_a
300 L O~ 1150_k
e * n fa —7—1100_k
T - 1100_a
_Gﬁ - - Q. &
200 - \\
| N
150 4 v "
L V'--'-'_:_-_-__:_____ e "
o -__-;:_;_:;-- L]
I T
50 <4-
1 L [ M | M | L [ i 1
I L] : L] L] L] . L] I
0.0 0.2 ﬂE 0.8 1.0

X wt% Fe O

<19 3—100> Piezoelectric charge constant(dss) of Po(Zrosi Tioas) Oz + 1.0 wt% Ny + x wt% FexOs
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35

o, 1350 b
P * ® *— 1350_a
. 0 M 1300_b
e W i & 1300_a
= S - 1250_b
) Gl dh ® 1250 a
E - =3 ” 1200_b
% 1200_a
. 2%+ —C1— 1150_b
m * —m— 1150_a
IC:J ~7— 1100_b
1100_a
= —¥—1100_
f— 20 -+ \\ &
> N\
o Sy
h=
15 4
10 t j t I t t
0.0 0.2 0.6 0.8 1.0

04
X Wt% FEEO3

<713 3—101> Piezoelectric voltage constant (gx3) of Po(ZrosiTinas) Qs + 1.0 wt% N5 + x wt% FeyOs

16.0k
[ - 1350_b
==  14.0k — B, i 1360_a
=z o A 1300_b
— [ s, R A— 1300 a
v nal ¥ TR - 1250 b
E ST, #1250 a
[ TR R 1200_b
2 1nokd & 1200 a
) ——1150_b
o ~m— 1150_a
o i
i 8.0k - V=100 b
—w— 1100_a
o
(A ]
Oy 6.0k
>
2 4.0k 4
O
2.0k 4
0.0 i ' f } } i

0.0 0.2 0.4 0.6
X wt% FezO'3

<1% 3-102> ds3 X g33 of Pb(Zros4Tious) O3 + 1.0 wt% NbsOs + x wt% FesOs
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0.9

0.8 4 A = 1::2_::
»a—— w— a
I ,.,I'-—h--_____"'" = 1300_b
0.7 -+ b e S A 1300_a
L . "o == 1250_b
- \ ; #1250 a
0.6 - 1200_b
- # 1200_a
1 O—1150_b
Q. 05 —m—1150_a
3: r ——1100_b
0.4 4 —1-— 1100_a
I w
0.3 4+
0.2 +
0.1 +
0.0 } t i I
0.0 0.2 0.8 1.0

6
xwt% Fe (Q.)

<73 3—103> Hectromechanical Coupling factor (Kp) of Po(Zros: Tioue)Os + 1.0 wt% N, + x wt% FesOs

2.000
1.800 1 i
= ————]
1600 ¥ Nl
Hq}ﬁjﬁr_" . v "\?:}o\.\‘
1,400 4+ ¥ . S
1,200 - WP, |

oy = I e
1.000 4 \ \\_ .
b o v
300 1 " \'Q_‘._ \E

Dielectric constant, ¢ /¢

600 - Ve ;
400 4 =
200 +
o I i i i | I
0.0 0.2 0.4 0.6 0.8 1.0

X wt% F8203

<18 3—104> Dielectric constant(e/e0) of PbZrosiTioss) O3 + 1.0 wt% NboO5 + x wt%
F6203
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o AN HHAFXAHL PLTE HAwo] &HHo’er, 43t AT & AFE-3skal
=2 dAEAAHNE Ue g0l FHHA &2 Pb freed] =4S AHEstd 874
A A 7testttal A

o B4 FuEF7ko A AAE WA £ FYAUAE VYA QmEts =9
ofstm wela Sty R A5t FeoO35 H7Eske] Qmate]l 3dd EAS 9%

= (RaAel AAHAS S, stk A} Fx)

600
500 -
L]
-
400 - &
& 7
A 1
.3':.1_!
- -
200 - g/ -
100 - e
s G . B
o i 1 i i } i
0.0 0.2 0.4 0.6 0.8 1.0

x wt% F8203

<13 3—105> Mechanical quality factor (Qm) of Pb(ZrosiTious) Os + 1.0 wt% NbyOs + x wt% FesOs

3.0
- ~]1350_b
*— 1350_n
2.5 4 M— 1300_b
A 1300_a
— - = 1250_b
o e ®— 1250_a
;5""- 2.0 4+ & - = 1200_b
— i\ & 1200_a
L v, —-—-,.. - —O0— 1160_b
o 3= ey m—- 1150_a
1.5 4 P R O 8 —F— 1100_b
- | = T i —wr— 1100_a
(4h] i ® - o o
) ~]
—— =3 4\
1.0 4+ .
| S - -
- 4 i &
e g
0.5 I ]
B =
R . -
L o b
0.0 i : : t f :
0.0 0.2 0.8 1.0

0.4 0.6
x wt% FEEO3

<19 3—106> Dielectric dissipation factortand) of Pb(ZrosiTious) Oz + 1.0 wt% NboOs + x wt% FesOs

Fe0b A7bEel whet i)
Age e,

L —
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o} =]

-

54 ghol gastA, FAAFE B4 Fohs
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Fe:057F 0.2 wt% 7He sHAlE9 t5A% 7IAZATE S48k 42 Al

AN ofggt 2t

M fiE ) 12-0585268—-01—1
ktl AIUUISAHY . o
wi i | absiratoy —'.5' o5 :l'l'lh] 'tl '{: | Eﬂl‘)lll
Al YA F A

1. 419 &}

2 A . @Ry el

= & v AlEEA 2T PR 107 TT(FHEE)
2AHE

F w4 : SEEAE 47 8 2F

Rl /A

A=A DA AA R AEE

ANGFAMPE ;N AN AR

AY 25 : dEs

5.43M §x . BEAYTTISENY ARE

6. A+ 44 : 2012+ 094 20%
7. 45 4=} : 2012\ 094 284
Al 8 & 2= @] 7} b Ao
A 4 .

LA ; 0
A rpde 49y AR AEH 29
it oA w el )l @il sl Yoty R Al Eeoluhoofgsl v, L) dllpolgiofls WodH
Al 2} 3 ”"L "Hﬂ' '-'Jf‘---r--l.lp?il-'f-{l-ﬁ'-; o= Uk

UIMD7IEME

Mg A rEat A gl e BY (T 162-T18) Tel. : 02—860—1573
Bepet S wowew Rtlre Bir Fox. ! 02—s80-1640
Frate-01-02
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tl Az WA : 12-055268-01-1
k N2 U IEA Y
&u?u‘::ﬁ"mulw £ 3 o) 2 2 #HolA

1 AEEE | AlRE=

] AIEEE : EHEoHiAE 4%, NE&H2ERack lype), EEFHEXHA

SrEEH A~ ST 2RSS E{Rack vpe) HEHEH AT

2) AEESR - YHBHABHAT S8(Kp), LEE A (rack type) S &(power).
DM AR L Hapl HE
& Y EAEIH AH{rack type) SE&(power) AR

: G+0.5cm wOIMAM AZE ORYUS A2 & S88 SHeL,

2, A8 23

1) EsiMAH 2% &8 (Kp)

28 (Kp)
ANEH | E— | Hi 1
| 2 3 B
o B A E
e D747 0.7580 0.752 0.749
g\ |

?) 2 EHHI A E (rack type) &8 (power)

(SHs ¢ W)
| =8 (power)
MNEH i ? Hiad
1 | 2 3 oy
R
e 0.396 0.344 0.516 0.419
{rack tvpe} |

FFRAN=-2-0]
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AAAM WE : 12-055268-01-1
NIUUTISMYY
FKores Tealing Laboratary -% 3 y] 0] I.] = 3 jﬂ L‘rl 1!

&

3) 28 REARX S8 Hel

(=3 < m)
NEH a4 He Hi2
BESHEHAF I a0 0| &
3. MBEH(MEH) - (23 £ 2)T, 50 % R.H. Oi&
4. AEEH
FH 9 H =T 2 B8
Impedance/nan-phase analyzer Hewlett Fackard 41948
Cscilloscope LeCory Wavejet 322
Ol& &.
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EERS g &
data = data H S22 =2(%)
0.058 0.055
0.055 0.053
0.051 0.0543 0.054 0.0532 -2.03
0.051 0.050
0.058 0.054
0.059 0.060
0.056 0.058
g‘j@ 0.062 0.0584 0.058 0.0582 -0.34
0.057 0.060
0.058 0.058
0.050 0.048
0.051 0.050
0.051 0.0514 0.047 0.0486 -5.45
0.050 0.048
0.055 0.053

= && (2= 24hrn) &l28E (85T, 1285%, 24hr) D2 (100, 24hr)

B3 data gz S8 | data Bz S8 | data gz =
0.056 0.051 0.048
0.051 0.052 0.044

0.053 | 0.050 | 0.0528 | -0.38 | 0.050 | 0.050 -5.66 | 0.050 | 0.0462 | —12.83
0.052 0.047 0.043
0.055 0.050 0.046
0.063 0.058 0.059
0.064 0.059 0.059

’é'é@ 0.0588 1 0.057 | 0.0586 | —-0.34 | 0.057 | 0.0586 | —0.34 | 0.057 | 0.054 -0.68
0.053 0.059 0.058
0.056 0.060 0.059
0.042 0.044 0.039
0.045 0.045 0.041

0.0486 1 0.040 | 0.0428 | —11.93 | 0.042 | 0.0436 | —10.29 | 0.038 | 0.040 | —-17.70
0.041 0.043 0.040
0.046 0.044 0.042
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1-6. P.P scale &3 A 2FE AX 71&¢ 1

7 84 ¥4 HA 3}

P.P scale® &t @ RES AZs7] 95ko] Lab. scaleolA e 7972 v}
goz Azx 34 HAFE APt 4 A A5 AP dNbHo®E ZTya
£ &3t bulk typeo® dFsk= W, tape casting ¥ ol&sto] FHH(FY
) & Ay ske WMol Sl B Aol EE wjAageR 5o e &
w3 ol AAE A 237 Y35to] tape casting BHES o] 23}

2l BE Alx ¥4 T E¥EC MY =2 ¥4 ¢ powderE o] §35ho
sheetE #|ZF3tE FFolth. powder Y=o Wt A3t 1HE oA % sheetd
pin hole, scratch &% &°] YER}H, 259} Hxof b E sheeto] E4o]

B AT Ax 3 ZF3E T3 4 powder? dEE dYstAl (D50=0.9
m) AzZske] 1 FE sheFo| whE sheet 5442 11Z39TE Tape casting 3HS ol &
3t sheet 482 9l A powdert vehicle?}t &33}o] slurry3}l dith. vehicle
solvent(&3 2, EF4), binder(PVA) % H7MA FFaAl, BAMA) S &3l A %3}

A, AxH vehicled} A powders slurry mixer®} ball millS ©]&3lo] 4847

otd powder LHEZ 70, 71, 72wt 2 A Z3}o] tape castingS AA|s Ay} 11

& ghgFo] 70%91 A% vehicle $&Fo] ol sheet AEA] solvent’7} 5A3HA 3]y

o] sheet Zet3 @o]l st LASFATHILH 3-123> (a)). 1FT FFo] 713
L 72wt P vl Add o R A& binder o FFOZ sheet A
Fol wdstA A e dafo] WASIAUTE (K 3-123> (o) 1EE FFol 71%
9l A5 #YUF sheet o] 7Fs3kR L, AF 255 70T, belt $%%5 30cm/min

- 2] =
o7 ZA8 H$ sheet ¥EE0] 95%= =71sHS FHeld 4+ AUt A FH sheetd
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<I¥™ 3-146> 7] 3=k /RS 3= BgS dEhdn, 259 2= 1, 23kd
Toll AlZrato] ARggh slzoln] #HF0 I2rt AT sEolth PRI EE FHAL
Aol et wRrFdEe] dgvtde] vetur olE Ayl fa 193 g2 vole
=9 DCstatr] flal AAIE = e 71E 3R] F5 A FE tole=s 7
A ok 1.2 volt ool ZstEddo] SIIARE, JHAds 329 g5 gz s A
gto oF 0.6 volte] AA4EARE A At mebs] 7|E3 2 XY 0.6 volt M Ste]5o
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AR WEaEel st s|2e o EHe AR Ee WAL 7 20% &l
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No. 27, 29, 46 ==, 12pd=RE st fjzo)y 32 9 34 FHZAskE 23t
Azst HF MNEFES No. 465 =]t

HAS =2 AFA QD A No. 279 A% AHAALACFE XAZ 0 35 X 45m) 2074
7b AbgEe] AlzE W =oli, No. 29+ AMZ4AACFZxAZ 38 X 38m) 20747}
AbgEo] AlxE Fl=o]n, No. 462 AFARFE X AR 0 38 X 38mn) 15717} AF&
Ho] Az Holn} 247t AN EE oA AeE= o] G e M A=
Wjo] th2A dAEe] e, No. 469 =+ 3xbd=el /s HJFIZE AFE5H
Al z3skol ok,

<E 3-11>7 <I¥ 3-148>2 HIAE Ay £33 dtsol o S vepd 2
olth, HAE: 7HEEFAIAV|AM F-5°] 7ed max 59 2 max stF8 s 7]
To® Zh7he] 1/29) £9 3 stFo] JtelA RS skl AAlskl
<E 3-11> 752 A7) HAE 43

no. Z7(14sec) PECK POWER(W) POWER(mW)

1 2759-441/2 35 1/2 13 0.076 76.174

2 2759 -4 Max 35 1/2 25 0.178 177.558

3 2758 -421/2 3% Max 13 0.083 83.499

4 2752 -%£2Max 3% Max 25 0.203 202.979

5 2958 -421/2 3% Max 13 0.163 162.839

6 2988 -£EMax 85 Max 25 0.237 236.610

7 4659 -421/2 3% Max 13 0.216 215.542

8 4652 -4 Max 35 Max 25 0.289 289.382
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ﬁq no. ZH (ldsec)

.-1 1 | 2783 - 531248512

g 20 2 2728 - Z8Emax 815172
5 200 | 3 | 278% - £912 8 5max
g 150 4 | 2722 - 22 max 8l Zmax
B 5 | 2953 - £3]1/2 8 Zmax
) I | 6 | 2983 - =2max 5lEmax

5 I 7 | 4622 32128 Emax
5 | _ ‘ _ 8 | 4683 - £ max 5lFmax

1 3 3 4 C B 7 B

Type

<1¥ 3-148> 7VEXEAAY Y] HAE A3} g

NEEFAGI ) AAE At AF Lol nE A 3

N
No. 29 = 136mW, No.46 FE 289mM=E =4 o], No. 4692 vbdeko] 74 =

o

rl
rO
5
jule
o
fa
[-‘O
i)
4
39,
32
&l
Z
(@]
\\]
-
=
[
1o
—
l
W
[oN
)
=
o
21_,
U
-
PN
:\.é

RIGOL [

i
il
&

ll.'|||1'1'||'|||li|'|||l.ll'||l|,1-.u

(WL J
WUV

no. H power(W) | power(mW) |

| [~ T
l g Fous 0.289 289,382

= E—‘Imax ol Emax

<™ 3-149> NO.46 =) 7HEEGAAY] HAE S34 9%
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L

W3 H7ks flste] EEAAETE AAIRE BAARS W A Ee] WAk W
Zo0]2 AW KRt 13 HAEA 7FF AlSo] $5au No 469 =2 Algsle] 283}

T AUl el 240417 FRAIA EARS ST 2447 AL
=43 A3 24417 289mW, 240417F 287TmW=E AAIZF TS E oA =
Wel7h 34 e o RE e

F

o)

400 - B No 46(& A S TIME(hr) | POWER(mW)

350 1 24 289

48 290

% 250 - 72 285

o 96 288

= 120 289

E 150 144 290

168 287

192 288

216 288

72 9& 1“1} 144 168 1-=2 718 34& 240 287

Timeghr)

<1¥ 3—-150> AJZHE whd=F S84 3 (NO 46 :© £4, 3% © Max)

A4 s 7he H A $EEs A w GAHEe] HARS HAE &) fleko]
a7 =d T A SFAIEVIE ARSIl steAl RV <O¥ 3-151>C % HA
E g)ide] A3t stz s A7t XE (sine wave) S i FH|o]t,

<1% 3-151> &A1& 7]
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stsel mE AT HAEE A7 sk%& 500kg, 1000kg + 7HA= -3}
o] 50/telE B A= THEFAS A BAFS FHAT S EZART]
HAESE npzl7k A2 Al§def] ALE A3l == No. 27, 29, 46 ==, 13 =3
st d=ol 2 9 ¥4 HASE HAsto] Axet HF NEFS No. 463 =0]
o <% 3-12>¥ <1¥ 3-152> & HAE A3 £83 g5 g wdss e
W Zlo|tt,

)
L2
2
£

<% 3-12> 3tsAI87] HAE A3

no. ZZA(14sec) POWER(W) POWER(mW)
1 2758 —-500kg sinbOcycle 0.030 29.810
2 2753 -1000kg sinb0cycle 0.095 95.241
3 2952 —-1000kg sin50cycle 0.041 41.196
4 29E-2-500kg sin50cycle 0.020 19.963
5 4653 —-500kg sinb0cycle 0.018 18.065
6 4653 -1000kg sin50cycle 0.052 51.506
120
100 - no. E-¥y |
% 80 | 2724 - 500Kg sinS0cycle
iz :
E 5 1 2 2722 - 1000Kg sin50cycle
g 3 2922 - 1000Kg sin50cycle
m i
= 4 2922 - 500Kg sin50cycle
01 I I . 5 4622 - 500Kg sin50cycle
1 b : - i 6 4622 - 1000Kg sin50cycle
1 2 3 4 5 ]

Type

1% 3-152> 3tsAg7] HAE Ay 1=
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SteAA 719 HIAE A3} dh5o] 1000kg € W No.27 W= 95mW, No. 29 H = 41
m, No.46 = 51mWZE =4 ¥ o], No. 279 =2 2Hdzke] 714 =4 vebgth <29

3-153>2 8t HAE T ARAFER 4% No.27 =2 A

T %] ofHER =289 4§ No. 463 =5 A

no. = power(W)  power(mW)

(2722 - 1000Kg

- sinS0cycle

0.095 95.241

<71¥ 3-153> NO.27 H=9] st=A87] g
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al
718 S Tkgt/ar® 7FeRlth % test Aule] FIgo] ZpsiAA sHEAA e &
T} gy or FEAFH wHo] o]FolAA Hrt ol
ARAFEE o] gsto] HHFS S8k 1 A3 No.25 3= 6.9, No. 27 =
5mV, No.28 3= 9.3mW, No.29 = 12.8mW, No.46 = 21.1mW= S5 No. 46

HEsh b S, FRANATANA BRER SY TAAEA S AR

K

A 54 Aol yEtwth 24z siEs 1APd R E e ol x w3
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: lifetime =% Time to Failure(TTF))<S UellE= g5 T7F tHoh 3

A He FE2A A (D3 2o

(1

Al
al

R(t) = Pr (T > t)

2 (2)7F A

T—
T

ol F(t)
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B
i
_T

-
o7

,._mvo
&+

(2)

Al
A

F() =1 - R@® =Pr (T =1

—
file)

- 203 -



s
Mo

o}

~

1) aL

—_
file)

oju
%

1

Algoly Al2~glo] 9

Matol go® & ek,

o] 27HA = o

How e

J_,NO

HA o

3|
RS

b 5o T

s

o

T
s

al
=

ZC}

al

=N

o

PN
T

sk
=

I o] 7

e
=1

o
.

o] glel 17

pig

s

stelo] ALgH ol 7]

@ WA 1% (intrinsic failure) 2 #1413 (extrinsic failure)

D AlEol &8

ojuf FEo wiF Al (EA &7, A

Al

SAE 1

7} & (criticality) o ¢

- X" & (critical failure)

el

= op7|g
- = 2% (major failure)

A

~

™
)

—_—

X

ol

~

B

)
Nk

ol
;xmo
Bo

~N

olub Aol of

)

& (minor failure)

B

A

A (negligible failure)

o

A7 g

S

Aol ELE A

8
=
L

1

Gl

8171 Sleto] g

ekt MIL—STD—-883¢ 4

=13
=1

KN
=

(mechanism)

=
=]

of dojts w, 1 WAY

17732

o
Ry

=T

9]
Tz

—
file)

0
o
ol

o|J

=2

& Ul-oll A <]

stoll whet A3

o|J
~

g

- 204 -



s, Al 252 7]

[

spol

015
ZA

Q]

=

ol

2]

4714,

-
R

o

)

el
T
TH

B

Ueb gl e, Fig. acll 2

Q o
=

RS

)
=~

o A2

A
Ay

3—13>° A

At} <xE

2=
T

i

,.m.o
HiR

e

F7] Sls o] A dvig @ LA, @ A

S

3

of weh arggo] A

=4
o

Hl | o=,

°©

3}

Ao 2A A

mrde] A

%

A %
Al

e

-

°©
i

- 205 -

s SA%97k 73
<]

HA €

E

°

|

-

o

1o

AMN7F 7F




.

FEH =
al -

o ¥

e
L]
T
(=1

DS 2EA0

(Cadhsialo] Meky mel)
E MR

I&oHol 2 HOIE, fHFo| HE

-

9 A

gl Bl

AHES 2EA Y

nJ

B
2

H

—

]

O

i

TR

<1% 3-156> 1 AEA 9]

7N

o]},

I
QLo

Aol 77| o

T
R

e Adst

g

s

X
B

Th

Tor

g8, Fud v

o] @AM 7hs

o
o
ﬂmo
T

)
;OT

3—14>] YER ST

Ry
ar

<
e

A 2}

[e)

g
3-14> 1RRA A3 D g

v
ar

ol
=
<

S|
Ay

af

S

v 5} 7]
Ao) 2 A7

s Al 2ol <

9

sl

S

macro oA micro #4], 13 g0
- 206 -

RETE AR AL o]

Bk

S

27}




Hin T <
00 < B
_—
“ T %
C I I o
J— O
O m _
0 ol
SO S o |
N i T £}
o} ) o T
~N = o iy
N o N -
T -
gl = m«
Njm
ol W iy E
o = —_ ©
N | E Gyl
- Xy .
T "o ah W X2
o U ™
) )
9 wr XM =
m ;mo Hoﬂ ﬂ ‘mo
- o' | ——
~X ol ~ o}
= |0 el R
Tr 1/l i1 =
T TOB R R “
e
o Ml AR T
S Tl 7T o] W
£ H|o° oN|W B |
NJ! &D
T F T ] T
HT._ ﬂ 13” _ZT mmO
- x |E Gl
= S X0 63
Ho|H

- 207 -



] o

s7] f1%t A

2 37
A5

W

%
3fof

)
B

A
=

<l

=9O
=

RS

Az g AM A EA

o]
~y

R

AE) el A whd, )

<
—

ZA|

Ay
, —

IR o A A 2

@© A+

ﬁo
B

o]

io

—_—

ahol

MK

S

= ARE F4

&
=

D AEAd Al

3-15>9F o] &+

ol wEk <

7F5 4

3—-15> Al Al TF

<3

) ) Mo
TH 0 NI
T % ) G
0
) . = o)
T B 3 & -
P X B RIS
‘.__AO
CEGS = B b
T ° i A+
£ o
o . o
oo » oo 8
< N g 3
o — T < on X
~ o E;o
wr A+ <
i U ™
- Q_OIL ‘.»_A!O Jnmﬁ ﬂA.O
2E |z |BE
—_ T~ . - .0
s < SRR
= w7 e B oo
o . | o g =
oo iy o G | R«
= o | ® i S
i_ N B Jy ')
o] X % X Moo A
B %o =
— LH ‘_la_.ﬂ . OM L ﬂAl O#E
<o Gl st ol <
RoORT T | & = T %K
— ™ o= %N
e |z o B R
woRe P oy BT P
W= 9
m] rowr £ O o o
#ool oo | 2 L N
wr ~ = < RN %
I R
T R o e s e
Jﬂ mu < = L
o | Ny | T o S
. o ur . . N
" = .l
A o B %o
— R 7 B
N < = <

- 208 -



7o | 7l A A E

TFEA g AR eR FEE  Jnh FEAES AEVIE @56 flske]
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@ 7}%5493A1 8 (Accelerated Degradation Test : ADT)
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EFS

<E 3-10> 34 A8 Hdeo wHsEA A7 A9

Losie 10584 00 | s
A S| 1. sample =5 = 5 e 4
name power (W) power (mW) |power (mW) [power (mW)
1 1st 0.014 14.1 1.4
2 1A 2nd 0.014 13.9 14.0 1.4
3o 82 3 3rd 0.014 14.2 1.4
4 1st 0.009 9.0 0.9
5 1B 2nd 0.009 9.2 9.2 0.9
6 3rd 0.009 9.3 0.9
7 1st 0.015 14.6 1.5
8 2A 2nd 0.015 14.9 14.9 1.5
_ 9 3rd 0.015 15.1 1.5
10 1st 0.014 14.0 1.4
11 2B 2nd 0.014 14.4 14.3 1.4
12 3rd 0.015 14.6 1.5
13 1st 0.010 10.2 1.0
14 3A 2nd 0.011 10.7 10.6 1.1
_ 15 3rd 0.011 10.9 1.1
16 1st 0.011 11.2 1.1
17 3B 2nd 0.011 11.3 11.3 1.1
18 3rd 0.011 11.4 1.1
19 1st 0.012 12.5 1.2
20 4A 2nd 0.013 12.8 12.7 1.3
o] 27 21 3rd 0.013 13.0 1.3
=122 1st 0.009 8.9 0.9
23 4B 2nd 0.009 8.9 8.9 0.9
24 3rd 0.009 9.0 0.9
25 1st 0.016 16.1 1.6
26 5A 2nd 0.016 16.4 16.4 1.6
o3 om | 27 3rd 0.017 16.6 1.7
B PT) Ist | 0.014 13.7 1.4
29 5B 2nd 0.014 14.2 14.2 1.4
30 3rd 0.015 14.5 1.5
31 1st 0.014 13.8 1.4
32 6A 2nd 0.014 14.0 14.0 1.4
PN 33 3rd 0.014 14.3 1.4
34 1st 0.015 15.5 1.5
35 6B 2nd 0.016 15.5 15.6 1.6
36 3rd 0.016 15.8 1.6
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<GE3-17> 27 AR §-9 2 S4d gvr A
S 3 STEMA [ FAAY |
A3 B} sampl LOSTE | 10515 10?]:/} el 13 €4
H o Ple 1 = 4 2 %] Hat o4
o no. e power
o name power (W) [power (W) [power (mW) | power (mW) —
1 Ist | 0.011 | 10.8 1.1
2 1A 2nd | 0.011 | 10.9 10.8 —23% 1.1
F28 |3 3rd | 0.011 | 10.8 1.1
2= |4 Ist | 0.005 | 5.3 0.5
5 1B 2nd | 0.005 | 5.4 5.4 -41% | 0.5
6 3rd | 0.005 | 5.5 0.5
7 st 0.0 0.0
8 2A 2nd 0.0 0.0 — 0.0
19 3rd 0.0 0.0
10 Ist 0.0 0.0
11 2B 2nd 0.0 0.0 - 0.0
12 3rd 0.0 0.0
13 Ist 0.0 0.0
14 3A 2nd 0.0 0.0 — 0.0
|15 3rd 0.0 0.0
16 Ist 0.0 0.0
17 3B 2nd 0.0 0.0 - 0.0
18 3rd 0.0 0.0
19 Ist | 0.005 | 4.9 0.5
20 4A 2nd | 0.005 | 5.2 5.1 -60% | 0.5
o127 21 3rd | 0.005 | 5.4 0.5
=°71129 Ist | 0.000 | 0.5 0.0
23 4B 2nd | 0.001 | 0.5 0.5 -94% | 0.1
24 3rd | 0.001 | 05 0.1
25 Ist | 0.012 | 11.9 1.2
26 5A 2nd | 0.012 | 12.4 12.3 —25% 1.2
AF (27 3rd | 0.013 | 12.7 1.3
o 128 Ist | 0.005 | 4.6 0.5
29 5B 2nd | 0.005 | 4.5 4.6 -68% | 0.5
30 3rd | 0.005 | 4.6 0.5
31 Ist | 0.000 | 0.1 0.0
32 6A 2nd | 0.000 | 0.0 0.0 2247 [ 0.0
2EA 33 3rd | 0.000 | 0.0 0.0
5 |34 Ist | 0.000 | 0.0 0.0
35 6B 2nd | 0.000 | 0.0 0.0 2207 | 0.0
36 3rd | 0.000 | 0.0 0.0
T4 H7F 12 AY d3E Fote] e, AL, 457, dFEFel 9% At
&4 WA 7)ol FQsty B, AL A= AbstE WA 7] §e Helo] I
w, Z 7GR ot AFAde o8| A AEV EAEA deE 57§ Bk
o] & Qs}r},
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2 1.46 0.15 9.23 1.24 0.13 4.92
3 1.11 0.11 6.07 1.58 0.16 6.90
4 1.37 0.14 5.59 1.60 0.16 5.80
5 1.45 0.15 6.37 1.40 0.14 5.53
6 1.48 0.15 7.99 1.47 0.15 5.30
7 1.66 0.17 6.60 1.10 0.11 5.05
8 1.60 0.16 5.95 1.53 0.16 6.25
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10 0.00 1.90 0.19 6.80
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