creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21031-200000186131

e

20194 02H

N

K B i

<

B TR

ok

s



22 = o Em@_
o] MmN S LEMAL B o= £

20194 021

(SR =

Z O (]



g el TEMAL BAfim s idnES
20194 021

ZHE TR & o %
Z B LRt &

XA
il
—
iz
gk
H-
e
s
=




A1 A A B s 1
1.1, AT HIA = T QA e 1
111, QA o LA SFHZSE] 7] L e 1
1.1.2. A O L] A] T I o 1
1.1.3. A O R] BBE F 8 e 2
114 TR SE7]9] QI FZ F7] v 2
115 3 A UR] A ZA] TPEE 3
1.1.6. BHA A Ul AFR 7S5 3F HFZE A ] oo 4
12. AF-o] S Ayl ) . ASIRIRIRE. . N S T 7
A 2 A GA A UA] SHH|ARE T] S e, 8
21, ARG A} coreereer oy A B e T ]
22, QLA F I} T Q] E] e 11
221, QFA FLIE T A} e 11
R Y/ 1 & T ] OSSO 16
2.3, QFA ZPTE BA] e 17
231, QA H B AFGR e, 17
232, QFA FGE AFGR crrre e 18
233, A7) 7] AZ ZEE AR e, 20
234, 7] A Z EA A LR e 21



- 22

23

g

=3

2.3.6.

25

=
.____'-/\él

ol
=

A 3% AFAE A

G

bl ~d =4 7

S

of 11 A

X
B

A4 A9 239 R

27
30
32

=

33
37
39
44

ﬂw_wo

il

44. PZN.C

B

Al 5 A,

46



<E 2-1> =Y A2ZEU wWE QA EA HBF e 24
<E 4-1> 950 °CollA 2 A7k B¢k 2245 PZNxXC 99 oA, 54,

9 oo R £ 5o us) W gES LFEFW e 36

<Y 2-1> HERHEXAIIOE FFE: (a) ABO3#H|Z2H AFLolE (b)

BaTlOg?é Zc-} -?—}4 .................................................................................................. 10
<39 22> ARAA AR A BT W §48e] LE EH 12
<_j_]F'Jj 2-3> %L%jg] tﬁ@é 1:%1 ;‘(j 94] J%J_jr,]_oﬂ [q_% Eﬂéj’ ............................. 13
<39 24> (@) A A= A2 3 doE He ol (PZT) 7%
a9 &3, () vhdlE Yo HolE (PMN) 7wk AlZele] o A%
?91?_] 11:’._:163 ‘31'—}{]_ .................................................................................................... 15

<y 2-5> (a) PZT A= 4 dololasl, (b) PZT Alx=H9

morphotropic phase boundary (MPB) &3] ZAdo] tist ofe d Ao

<Y 42> AA AZE WA i wdo] Agte WAZOR F4)



<19 4-5> PZNxC A2 CuO H7kel uh2 FE-SEM o] m|#] - 31
<A™ 4-6> 950 °C oA 2 A 2A%¥ PZNxC A el CuO #H 7}l

<¥ 4-8> PZNosC 719k sbd8t7] o] Fof Ad(Q)ol we =9 d9

(mw) ..................................................................................................................... 34
<:,_;-1':Jl 4-9> PZNxC 7]1‘3_ zl\_;q_'].yl_q] %1—1 gl ‘!Ql‘;f_ ET/%] .......................... 35
<9 4-10> A A7PEA G5 A Z2EIY] GEE A A e 37

<Y 419 FUES 93 89 2 U4F $Y woo A8 v

2 10 =TIV ol U B R B O e TS 38
<Y 4-12> A2 FH vper gl o] JiHF 3] 2 o] ST HQE e 38
<Y 4-13> v Abg FA (50-80 kg) WEte]l wE b 589
A 32 el ol o - SRR R S 39
<9 4-14> FA (kg) ®ste] W& ¢t F&7 A 2 =9 A
QLS EBF U FA] AT o 40
<2¥ 4-15> A (kg) WSt mE b s A 2 F¥ A
_ﬁ_% J_Eé_z:s_ LHZII/KE)] ................................................................................................ 40



L1 47 wd % 284
L1L1L &3 dvyA sus" 7<=

A7k wA Agold Aed FAE AGse] s SHOE FuA
M AL AUAE FEate] Ago] Fsd AVE WEE 4G BHCL
A%y FHel ARe FFW FA A MEAD (WSNe| B
%ol oUA7t Bastel FAS vEE FUF/) 2 F9 Aol AD
Holtt [1-51. dero®, AMel AA A T
a7 qUAE ALgol FEIHES AMAIE AT A& M AY
do% VAT 5 ot Axde] Basd [6-91 238 AE} Qe
A AA wEo 47 AUAT FFH A% G AUA 5]

_‘TL
3k o8 A7 e [10-15].
1.1.2. &4A duyA 2=
TR 7 duAE & & 4 &A%, 8 29 R =2 5Es

aeteh w bd THV= B2 #Ae L Aok dlyA e A

=2 ALs TNV A= v A (DI 2ol A oy ’E

u=( L), <) Z] M



L=
T

1
o weng
2)

A

=
-

T
T

5

7 Bat v
& (Vol™, ol thg 4 ()0 tehd & vk

=
=

(dij>gj)

A<
T

e Al

=

& oA
3}

1.1.3.
o L« W

—

ZIAA

AT, Que

o
Nd

3
Ho

H

(o)
.

1.1.4. AYdA s&7]9

=]
1]

o} webal, g Ale
(3)

T

k)

dij X gij
tand

Pul 2B g 0% Zofof

°©

of L A]

T

T

9] tan$
(3)o.2 Fozt} [18].

=i}
=1



(kp)7F =2 Pb(Zr, Ti)Os-Pbl[(Zn,Ni)Nb]Os 7l

TR REED

Eines

At [19,201.

960 Cx.t}

(5

Rhombohedral-"Tetragonal

’

o

B

il

24 ZAR A9 CuO=

[23].

b

25]. @

MEe  [24,

by



o A = o
FaL, sk 7 2

°©

2 7y

A A

H

o

o

<
il

0
X!
o7

il

B
=0

Ty
(g
gl

ojo

'

L

B

jing

o
<A
e
o

Ak
o]

i)
=0

o
3

gi

shA vk X

b
TR

mﬂ
]

ol

=K

el
B
mwo

ofp

e
fite)

o
i

=

A

p s

<l

A b qrAleE 1

sk e

A

s

g s, 2 sk

TFA

1

)
8l

EjH]o] =5 o] 8
Ao, o]



o)

T
oy
q

il
o

e AdH|

b
B

2379, S 9] &3k, &

spdn):

<A

v], AbEsh A A, 23t

AL r Adu], A 27387

=y

_EH
;O.ﬁ

N
Mo

B

~
|
B

?l_

A

] o

3 3

Al =3 o

A

o

ol whet

Kl

q 7]

=0

<

fuze)

il
o)

fite)

W

o
50

7

—_
fite)

+

S

S5 e
W Aol 414 5ol of

T

T

A

Hlo

ﬁ
E
B

o
EK

alal

o

B Rl



£l

SEEREE

KeN
T

st el QFHET} B

]

RS

&l

A

Atk whebA

Ho

w7

7hEjofor 1ol s

g

by

Ao

.

o] §

S

3

3]
k=

ol A 2] 3} ]

2},

o] @ ofof



12. A7 2A 3 3

0.72Pb(Zro 47 Tio53)03-0.28Pb[(Zng 4sNigs5)1sNb2s]0s + x mol %  CuO
(PZNXC) Al wal Tz 2 A74 Sdel W@ muAe
o}A7tA EASHA om, oldF ¢A AREI BEF A WA
TAE e B9e ARstel FA 2976l W@ dirw X7
ettt ante gAe] A9 BAE sidstn AA A BF GAE

TR oldF A shMlaE FHo A 8 &S nes
>
[e)

AAE A Alzds A% FA AM =2 dd gl dh
2}
=

Lo A &8 12 mWE A4 & F don, TEEE WEA
orow A& Jtss AY TIFYow AL 3} 4 9l ~AntE
HE oA Abgre] A E ofs EAE dUA = At Bl ddH o



i E=as

<)

AH YA

A 2 A,

FA ] %A

2.1.

-2 1830 Pierre®} Jacques Curie”}

A7l TREE

v} 21

= oo} A =
2 =38t o2 (Pierre)d H7]oA wmlg]

(Pierre)

=

o

N

] (Marie Curie)9]

T
o

ghs o

hyA
-

2l Rochelle salto]

ol
=

)

o
Ho

)

Jo

WA

Marie Curie?]

ojy

YA

A

St Paul Langevin®l <] 3}

R

2ol A oF 19161 el 75 AT

)

g, Wesleyan University

1
-

SEEL

(Middletown, Conn.)¢] Walter G. Cady+ %53}

Ho
Mo

N

g

K
o)

jruge]

w
I

o, b5 A

ZE ol A

A% slon

A3kE



Telephone A& A4 19251 Aol 7l At 1917-18 ] =3 AA
S o g A= oeydorg =0 G4 A 2 Rochelle salte)

T sl AE YA A Ago] & ARl

i
>
o,

At} Rochelle salts FHolA Seignette salto

Z}el P. Seignette?] ©]&S WA 1930t = AFE FE3 HAoF o

Tdoll 93] Seignette H7|eta WA T} 1945 o], A
=

Adolets gol2 gubdgor wol Zol Xt Rochelle salte] 7734

Homz w7

(ferroelectricity) ®-9- =2 A T3 (piezoelectric effect) 2 Y &
), o] mpola B 7] Ao d AFEET o2l d && Foke
Ae F2 1o 23tole F FBPAE A A Brush Development
Company®] >==eo] <3 1930 A& At 194099 % Rochelle
saltel g7 < & ¢ U+ 784 Z2AAE 27 Al FES A
7 P AT FAA old 2 &5 HS AT S Ao oy
=¥ FE 53 34V S8 S% dEE o

E (ammonium dihydrogen phosphate)e] =< ¢s] FEHog Ay
AT 2y Fo% WAL A7) A Xe Bl A B EE Ao 1940
ol WatE <l ulEEERo]E (BaTiOy)olA 1,000 Z33ts #4d 4
T7F HAHAJY. o] ggEFel AHHAAd EAS Arthur von Hippeld}

Massachusetts Institute of Technology?] T & E09] o&] HAHAT. 4

JEE AFAACIH 120T oSl AW FASHEL BT o] FAL
1950 thell Alet=} PbNb206 3 Bl ebat X =& 4F ', Pb(Zr, Ti)O3l A
T 250° C olANAE ¢ moh wAHeRA FEREYTh 19504 T

-9 .-



Fikell whE E B Ulo]EVF v=re] A7) 58 okl A ollen

A7 F2 2ARMY MEE 8oz AAEHAY. Fug Aol H AL
=)

S 7
o] frale] Zelawe 19580 AHow o sl
PZT Alet= 2 1954 Jaffe (W]=5)el oJ3l H|ZH ~7}o]lE Fx9 §-F
g dd SAe 7 b AEkg o]l ARHAY. PZT A=t92 BT Al
g R w2 T.oF 53 4 .
E F%% Smolensk S©°] 19591 ol
A EA 714 &S Muchushita®] Ouchi et aloll &fA] o] Fo
Aok Al |A GA = v F& I E2E AESY 22 wiEHE e 7
HAHE A7) qUAE AEste= Aotk o] @ACdA dd oA

o

Jm

e B 1 F,

)
_0|L
3
H
—d
N
=
=
I
=}
o

(o]

0,

T. : Curie temperature

<Y 2-1>. HERBAFIO)E FX: (a) ABOsHRZB AFIOlE (b)
BaTiO; 2 % - %.

- 10 -



=

7K

3}

lod

At

2.2.

sl A=k (7]

S

E
=

A

al

BK

(M9 AL/Z7]
= dA A Ad AzolA, A7)

W

jrase]

¢+

—

NIl

—

0

oj

T
%
=)

o)

Fol
golal 1 ZEi7E AAe

7143

T

e

t}

i

)
yl

F7F BE o A

SN

olm I GEi7} A

A

|

)
v

A ou = AL E 7]
l

°l

E oAAERR F

s
a

o

o}
oF

- 11 -



Lattice constant

- L

E 4—
e/ 00-eihe-100e

lon pair potential energy

Lattice constant

- L

E +—

oMo The

lon pair potential energy

: : ~ ! e
. AN S ;s Kdubonons st

a e . 4
&1 62 &1 62

{a) Piezoelectric Strain (b) Electrostriction

< 2-2> b WY R A mytel wE s

Sy
o
)
o
fr
A
Ruj
£
;L
VAN
[
jalt)
[\
ro
V
@
rlr
of\
jubad

LA, (@)ollA o] A

l:l‘
e

date 23y o] Agrt o 24 Ao} =
sk dEstil FEHE ~XHo] Fasith tgoR, dvF d A
stell A o] AAAXATE (@9 FH= sedn. dolee g gFgo s
A7 B Folee] WFOR Fol FA o 1 AT A w3t
= FEIT A B wet Ad Axye) 5 Ee JFRT
Tl 2xde] AP Ee pSete] A7) Eol vldste] W x (¢
§l A Aol wshrt LI &3 x = dEE s wE A5 dE

- 12 -



A, &

Eis

=
=

ki A—koA?)
H Q] o] m

Aol A% vebuE el W

A

ki3

o] &

w2} A

(electrostrictive effect)z}aL

3 5hH,

, x =

S

x10 ==

=

F0.75
F0.25
iy

0.5

If 1V uens

(b)

5 10 15

10 -5 0
Electric field (kV/cm)

15 -15

5 10

0

5
Electric field (kV/cm)

=10

-i5

9l

kls

<I¥ 2-3> (a) ¥4 = A= = HolE HE dolE (PZT) 7|

o
A

X
!

o] E (PMN) 7]4dF Alglelof o

(@)
=t

# 4

I, (b) w1

5

A
vl

iR

7
Hr

jase]

o

Gad
o7
N

Astol whol

<Y 2-2> (a) o BEAF H 1

)

)

d o, ol Ao 917}

9|

Qo 2 o ooz WA 7

ki3

PMN 7]xt Algpefol] o

PZT %

s

d

Zoltk. 9

il

ol
T

T
ol

T

- 13 -



ot PZTelA A<

HojF

<

o

N

| ~H YA A E

S

of A
Al dHlo| A o]z} A

A717% Abol &

KeN
T

v, PMN

YAl =S e

)

(E*) = 4-¢

B

g3 g ac. 2y, oee v}

o) -
o -

R 3EA] 7] 4]

Aoz e

Ao

=

B2t & 5 Qlvk a2y, Ao

4=

&

d

o
=

U 1 4ot o] 7

%17 ¢

oH
el

il

o AXA =i, DA

H Al 2=

!

7ol e, 3

=
[}

]

= ¥
T

& ob71¥ol o

Hslel] o

el 5 7HA

ol
e

I
i

2 383 ok s}

A

- 14 -



Strain X

5 E=0

2|

Field E

MeF A [27].

o] Z 7}

3 =
2 At

pt

o|7] o

B

o Ec 919 24

)ollA = el

v ) et
2z =

Ec (&

"

B

(o5

S|EHPA AR "yl AV"AEE

)l

ks

A

ol
=

|

Y

,mmo
M

- 15 -



Mole %

ot} PbTiO3o A Zr* 9

Tetra gonal

to}b. Zrt ot

o

g}

2 trolotz@, (b) PZT Al&=¥le

PbZrO,
o

=

|!
(phase)

Rbornbohrdnal T

s

Ewkiijc
AAE L% A9 H#

Phana

Morphocroplc

Mole %
(a) PZT Algte e

morphotropic phase boundary (MPB) 3 ZAdo] tfd o

a ZAFHAA T, 1 AdE 2-3 B % WA 15 B %9}

S

¢ MPB &%
_04

DO 10 20 30 40 50 60 70 BC 90 100
]

POTIO,

<Y 2-5>.

=

s

2.2.2.
Ti'" ] gk&
el Afol9]
A2}

o

Az aetv g el EA A7)

ol gt}
oluel g1l ) W&ol MPB @ lol wjeh de}

- 16 -

w5

o
R



3

=
=

*d AR

2.3.

A . oE R
<t
A = 5 T U o
T ©° o X
™ X W AR
el A= o7 o
ojm 29Tl 2
X o Mo
4 57w
O %
el o -
Y = ¥ =7
- -z
< - X
o ~3 oo =
%o WFM |9 o MrT -
T S = Ry
T 23 | e U=
S S
gl 35 B BREE
i 3 = H ot mmo
w I m ,UI HO
]
=T o Np O
T 7 b
%0 9 Iy
N 4 = "
o s
62 g
- 8 &
T - "N
o <omon

- 17 -



A AL A

2.3.2.

A 4

&

WA o] o

o]

Apele] Al

Bl
22

hin

o
&
™

™
o}

rvze)

i)
W

ol

R

g

oz

] Aol

= meshe] o

L
o
ﬁo

(6)

el

==
9

—_~

;OU
e
olo

N

o

o
|

(w)elth. mHeha 2fell A

Pz
=

g o] E 9

B

i

(7)

strain developed
applied — charge density

g:

Tl

S A/l o]t}

K

oj

1

on

g

s

4 ®)F 2ol

b A=

A5

Folw %

Qs

L
RN

(o] A% Iw)e= 1}

o]
H

- 18 -



o
P>

AN AR 2 0] ot

¢

Al
l

strain developed

I = vC':
Tw

applied charge

areaofelectrodedsurfaces

- 19 -



233. A7 71AH 2% A=

o
Au)
-
—_>&4
X
[o
it
2
~N
=
<
N
ol
B
=,
L)
=)
1o
N,
4
=
r o
N
)
et}
i
N
)
)

2 H o qA e Hyr Al F (root mean square) o E ol H T o] =
H oduA= A A7) 48 vk sty A7) 714 A3 AS ke v

2 (9o = AeoH

12— Mechanical energy converted
€ put mechanical energy

_ Electrical energy converted

9)

Eputelectrical engery

- 20 -



234, A EQA A5

=2,
>
N,
)
)
H
rlr
N
)
)
[o
[t
2
jin}
ok
=)
=
vy
X

Q= ; (10)

ANA fr 2 fax BH D Wk Bx

A
[
)
X
X
RN
s
M
=
rlo
of{
>
N
X
Y
2
>
o

Aola, Ce= A=E &3 A A

- 21 -



7]

-
T

5t

°©

i o A

9

A7ZF 7}

o 29 2-6 (a)ell Ho]

T

°
h S

st of

nr o

- ~
i) — MMM '
o olp
e ~ B
C._O ﬂAl.._ O# J
= o 3l
T el
TO oF
—_ o o
R > gl
0
ol W
SIS b 4
Jl -+ O,.VO R
o T -
B o Sl i
ajo :
— o | m m.
1@ ol Tew & W
e wr
% ,_.,Mo
WW % oF o)
X = Tw =
N 1 mﬁ
™ w o
° = X om
k3 —
LA %
RN = KO
3
o7 S

kHzol 4]

E

A
Cfebar 7f

(12)

&n Cft
l-a-g;
=22 -

€




(VO)& A A7) A €,
Pb(ZryTil-y—xFex)(03-x/2VO"'x/2)
Y =S 293 #A-d A=A AMEs gA AT ol
EHAoR gHAshHH Aax A 29 (EHAH L
2 dAshol o8 AT 2gde LATo a2 (> 1000°C) A A
AFAT, daet F5o] AR (FA 28M)8H7] wjEe] Abh o] 2L o
e FEl2E ool E AU F Ak BY o9 A9, dF &

. NbS+e = <l Pb 29 (VPb)o] &Ast7] Htt

- 23 -



2o WML AT A LE FANAL AFolE At
M7 g w QAN olee dsokkAn #84 =P 2g3 wy
fEe Aol Ml 55 A =y Ak Agss d v Bs
shth. oleldt =9 &b =9l v Eabel 79 & 4 gk
<E 2-1>. 3=y AZEYH W E JHd EA W3
Dopant and Dopping
Classification Characteristics Applications
ternary system effect
Buzzer,
Decreased ¢’ Increased Speaker,
Fe, Nij,
fn Probe for
Hardner Co, Al, Acceptor
Increased Qp, medical,
PSN, PMS
Large aging effect Actuator,
sensor
La, Bi, Lowerer Te, Increased
High power
W, Ta, € Increased kp,
Softner Donor transducer
PMN, PNN, Deacreased Qm
Transformer
PZN Small aging effect
Decreased €, Increased
fn
Stabilizer Cr, U SONAR
Increased Qm
Large aging effect

- 24 -



A3 F AdAE AR H A

31. 1E& dA dUA stHE" =24 A

PbO (99.9%), ZrO. (99.9%), ZnO (99.9%), TiO; (99.9%), Nb2Os
(99.9%) ¥ CuO (999 %) +¥¢ I1+% Iy E 24 E4=2 ALE 519
T} 0.72Pb(Zro.47Ti053)03-0.28Pb[(Zng 45Nigs5)1,3Nbg3]03 + x mol % CuO
(PZNxC)ol =45 AZet7] sl dvH 9 A2 ol 55 ¥ &
ol gzl ol A 24 A7 Fk & FE Stk HEE = 100%=elA 30%

53t 3t

St 3 EES 24 A kA 2B @ v dx2AFHb. o]

e BEAZ Fodx "J EES 800TAA 241z

A7 mgel AES Qi U ASAYUG AES 3% Fo 3 10 3

7HE AAs7] fls A AEE ARkl AlHS HAHE] 600CE Tt

A3ty gL exoA 3 A7 B A7) Z(AJ-MLBF2, AJEON)o|A &

A A 22 Sue AgE od 2% 120CoA 2 kV/mme] A A

- 25 -



32. 44 H A7H EA

obd  HA3st AE dpvlE (PM100, Piezotest)® =A% 54 o}
PZN,.C Fu& zdgedglx~ Z 7|3 (SUS 304)¢] AFd H&EA=

Agstel AABA. WA 54 Beks] 98 v Bae fAdg

- =

A2 ~53 (DPO4054B, Tektronix)® Ab-g3le] =3 3t}

- 26 -



1 44 54 == 7id

S
Light on

\
J Floor tile

<Y 41> 2HS FHOE AE AL F dE A7 BAY v g

<Y 41> FA AUA BHaY 7SS BEete] v HAS F
S RAseHe] Bad Ad Yo ANt Ay G Aol

2408 PINgsC F2& Zgato] utaed S Aztetnt. A 24
dolz FANEE B85 2WE 4FAY Y FEF Aglon I

- 27 -



Light off 2 Light on
| i | y
|

Concentric
socket —

Transmitter

sensn}r node Floor tile ) L Transmitter.'

sensor node

W A dAg A 5 sk

- 28 -



<29 4-3> 294 A 4 9] 9L vhe eple] T2 47 29

<Y 4-3>& 20 x 20 cm?37]9] uiek ElY Alzlelth. PZNOSC &
(uhe} EFelo] 20 ea)®] A7) 3 x 5 em’® FAFC gow, e W
A7) gs B4 w7k mAsel vk F47] AAE A 58]

s, F4al7] AAe AsE Bys 982 $217]

oX,
o
b
=
ofo
i
A/
ral
el
bl
e
i,
)
©
[»
fr
o
ofo
ol

- 29 -



4.2. PZNxC &4 /W&

gl A A=
_;; A A o\ e
é.' _A A e _,-"'f\ X=0.25
E A _ARTNON, A\ | 000

35 40 50 35

<9 4-4>. PZNxC Algt= 2] CuO #7kell wE XRD A H.

<Y 4-4>L PZNxCe] CuO #H7bell w& vtk

g
<
=
w
£
(T
o
529
2

- 30 -



<a¥ 4-5>¢F o], CuO7F 050<x<0.75

3tal =Z7]7F ¢F 5-8 1mel & JAE EE

- 31 -

25
A=

2 59 9 Aug dus e paE gen




4.3. PZNxC ¥4 3 +d 54 #H7}

£ 1,700
g 1,600 ‘__\
g 1500 - -
§ 1400 ?’_// »
£ 1,300 . ' :
- /’/*#ﬁ_‘“"\ T 46
. =
& -4 44 ?E
L + =142
500 | ~ -
= 450} -
-
=9 a00f -
e | 3
sm [ [ 1 [
@ B,
o 4 438 om
= 136 2
[ 3 3 ,L‘-_.—'f#| - 32

0.00 0.25 0.50 0.75
CuO [x mol%)

<a¥ 4-6>. 950 °C oA 2 AlZF 2Z2% PZN.C Agtale] CuO #H 71l
w}

or

il
A
[-'N
SE,
Jo
B
J|m
2,
I
)
[

<2¥ 4-6> o dEbd miel o], b A (dw)= CuO7F 0.00<x<
050014 F7Fekal, x = 050 AlH-> 480 pC/No & dpats 7FAH™, k,
, g dy/rA AR FdH] 3262 AEEAG. wEbA,

x = 050 91 AEolA A stulA" ARz HHS Aoz gAsAn

e 45

X



4.4. PZNxC %499 #A7|d EA H7}

{

Jcm 0.25cm i
i |

i

) H | ||

g E——
4.5cm ! 1.5cm 1 lcm !

I
L y

<I¥ 4-7> PZNxC %5 Egets AP A oA 8714

A

- 33 -



T T T
2 9

o
% (muw) aamod ndinQ

T 1]71
- A o
- 8 ) "
o0 AJr
=3
\' -~ ol
\ B o iy
vt a G
\ o° W
s g - i
-2 c -
Y @ 2 g
£ /g o
=
Q
- 3 - o ol
m A 3 —
L7 )
8 & =
=
S @ ! <]
S e T
& ! 4
- o il 0
L N
—
)A
L A m o
A~ o
A
°
<
o
1
v

2 (mW).

- 34 -

H A 350 kQell

[



E 1,700
£ ®
c 1600f #\ -
5 ;fff; °
o L500f = -
E 1,400 |- 1"f,/// -~
2 1,300 : : !
= J’F_h“hix -1 46
/ =
- 3 - M E\:I:
- s - a2
GO0 - -

[ ]
50 | e
a0 .

I @ -
300 —

d!!
(pC/N)

I 1 I 1
&
/1
Ki
o LT
CE&EZSE
MfumEm]
EEg

0.00 0.25 0.50 0.75
Cu0 (x mol%s)

<Y 49>, PZN,C 1% #3719 A 2 #7454

<Y 49>% £9 PANCY AF (mW) @ A8 AS (darge) (x =
0-075) A% LeEsl FAE Be £ 12 mwel A% 2 W

AT (dgsxgss) 15647510 Pm?/NE PZNsC $Hto = =4 3skglch. vtk

o

= PZNosC 252 dUA stil2® AR £ £40=
= S oy fd Aol nEY 5SS WEY] wiEelth E 1
PZN,C olUA $3719] dyxgss, &8, FOMoy, dixgax(k,)’E8 3
Uetdth b oy A #8719 &9 i) Has A HE S UEY

M dxgpFOMer® dpxgpx(ky)?7b 3 @3 ddo] Qluh., T3 wE

]

flo

- 35 -



PZN,C &9 (x = 0-0.75) && #te] 09 ootk x = 00 ¢l AlAL
Kp, s, dazgxgasx (k)% Fr A& 3H-S 44 %, 340 pC/N, 31685, 2 13500]th. =1
AU gp? dpxgpe oiAEZ We 377 x 10°Vm/NZ 12,820
10 °m?%/No|t}, axvt A= e 3 A ol 98 x = 0502 4
A o7 =S g dypxgnits YEWH, 325 x 10°Vm/NE 15,647 x

10 PmY/Ne =z, =2 obd Hal A4 480 pC/N 2 16509 He &
=z

X

2
0%,

TE et vEEE 2 (x = 009 7 EES MPB FERE %

050052t A A F+x7F At o] MPB FxoA A
WA Fxe AErh Eorn@ Qs ¢ 54 o AA A @
th [18]. webAd, AWAA Fxo WxE7F = ¢hd AlgtH e gydy

A ke 7HAA 2 22 A8 AzE 4 eduvA 3= 2 F

d

9 AE (mW)e AE, AEE Fd 8] PINesCE e B e 4
1

SA7IE 9 ARE AR AAE HelHE<E 4-1>00 YER S

+

<3E 4-1>. 9B0°CollA 2 Ak &<k &2ZdE PZN.C F99 ofd, 74, #

AU 53 Feol ws) We e e,

1
By | Aty Output

Culx | Didectric St e | =5 P ] S Effecieny | POMx Oas X B X k)
(Pl dy(pCyh Kol%0) 03Um/N) | duiBe{10°mY/ 105mEN) | powe ; o, AT
mol% | Content Glp N | GslpC/N)| Qe i e Rl Fn:jnj:r (n {10%m3N) | (105m¥N)
0.00 1330 340 120 7B 023 44 37 12,820 1200 6.2 0.90 5.6 2481.9
025 1470 360 135 g1 024 46 38.7 13,940 1620 1.8 0.51 5.8 2945.7
0.50 16530 480 167 80 0I5 45 325 15,647 2505 12 0.91 10.4 3168.5
075 1530 440 154 80 018 42 33.6 14,800 2156 10,5 0.90 8.2 2610.7

- 36 -



45. ¢ whe B A%

in‘lzs‘cm Stick bar
4>

45cm U 1sem : ' 4.5¢m

i
T electrode

<Y 4-10>. b ArpEd e Ala"e) g AL
<a¥ 4-10>2 PZNysCe &9 259 MFEE RoFr. nvg gd

of AE&H FUEZ StHl=F (7] @ 40x16.0 anE FE Eo] 14

o
I B FAol FxREo ZAHAIY. PZNsC +9 (=Z7] @ 45 x 35

- 37 -



Foot force

Compressive stress

Tensile stress

Origin state

AU =

L
T

FHlz HEobrt

Aol

y o]

ER

3

(-)S = 8o o3 <ad 4-11>7 o] A

I3
Af\,

25

20

Time (second)

30

15

8 $ 8 ° 8 ¢ “

A um-..__gﬁ.&:n._

2
= @
=
TN 2
f..,."r .__.._l._.
= e

WIJ ]
S 3 8 ° 8 % 2

(n) abeyjon jndyng

Time (second)

ol
)

X

T
il

o)
o

=0

<2¥ 4-12>. Az € onke Bl o )

vEbdl whel zro], =4
A (A2 F% 80 ke)

HH o] & 42 Vo

gk <a¥ 4-12>9)

he

Fol ey A&

S

TE

KoN
=

=4

H]

- 38 -



46. &4d vl B d SHHAY A4

Ul
o

N
un
!

- .

{ 50kg

g

1
N
v

1

70kg

75kg
80kg

Output voltage (V)
o

o
=)

<Y 413> AR AR B (50-80 ke) W3kl wiE Fd 5879

-39 -



50
S 80 kg
. L ® L @
@ 40
o)}
P A . 65kg
g 30 - -
5
Q.20 - 60 kg
'S ) e L) o
@)

10 1 b L i T ¥ T

0 10 20 30

Time (days)

<Y 4-14>. FA (kg) W3t wWE A FE719 M 32 =9 A

ﬁ300

1 -

~— . L

2501 .

=

o

5 2001 & o

W -

5

o 1504

"5' L ® ®o ®

@)

100— - - - ; - ,

0 10 20 30

Time (days)

<™ 4-15>. A (kg) WEtel mE b Y iR 32 EF

- 40 -



ord atHl~Ee AW 3= =8 A7 AFHAHS BHEr] s

-

g F (kgistel 2 =¥ AdH AFE

o
i
offt
-0,
i)
i

HAES 23S 3lo] <29 4-14, 15>0] veRG nle} o] mpgh

A%How P& shstel 2@k

- 4] -



12+ e 80 kG
§ 11 mW . ".; 65 kg
& 9 ® 60 kg
-— 9.
- @
2

@

O S' -
Q. &
et -
- 3. g
-E' ® ® oW e © ®
= o ; L] P °
O ol o ®

120k 150k 180k 210k
Load resistance (Q)

<9 4-16>. &9 A8 (mW)e] 8 A3 (Q) W] mE Jdadx

7((4) %1—_

<Y 4-16> = B 29 Aol MRS tpd 9
aasach A =04 165 kool AFAA 11 mWel Aol 4
oo Abgel Agelz ds) uxzt YA 4 SHiEE B

A7] AC 2132 H3lg o)

2

3o Ealo]

= (¢}

- 42 -



- 80 Kg

40+ —70 kg
— 60 kg

il - 55 kg
30 - 50 Kg

; .:-'dmw.du,}so

Charged voltage (V)
N
=)

2 4 6 8 10 12

<Y 417> BEF FA (k) A G ST U zRE FA9
ANAE A A oA £8719 24 H2E HAF

g A g AsE F By feleExR 3 DCE
10 pF &Fe AAEHE FHIG
AR R <Y 4-17>9 a3 o], Tl TUtEE Ay wAax

S7h e A " 2" odyvA 8 Fd I 2E vEdY 19 18=

2

ek Bl oy e ATV R A E U Atge] nie B S
FEH A duUAE vty BAERRE A7) duA RN s
e AAAEHA FHET A" ouAE EFoeR FA

AAol Fmel drh AA o] ddo] FaHH A FAV] ==
(eZ430-RF2500T)7} &4 3steo] /23 HeolgHE
(eZ430-RF2500T) &= AF3iet. wix=ow 220 Vol AZd€ A7 A&+
55 Aojdrwg Az Er,

- 43 -



47. A vtg 8d F4 29 A Al2H

Stand lamp

<aY 418>, MEAE AR &

offt
e
5
B
i
e
ofo
ol
ol
2
0
2,
-
ot
N

- 44 -



A b5 A

o AT

5

_(')4

o
o =

=
=

Hom 42 Ve

= o
=4

H A4y 52 A9

(50-80 kg)el FAlol A

ikl

Ho

el

—_
110

2 99 A
A4 Mg 7

5. dAl 2viES Ed

-

3 owule B Alsdlo] FE H T,

=
(e}

- 45 -



2 31 E 3

.Gu L, Cul N, Cheng L, Xu Q, Bai S, Yuan M, et al. Flexible fiber
nanogenerator with 209 V output voltage directly powers a
light-emitting diode. Nano Lett 2012;13:91 - 4.

. Ryu J, Kang J-E, Zhou Y, Choi S-Y, Yoon W-H, Park D-S, et al.
Ubiquitous magnetomechano—electric generator. Energy Environ Sci
2015;8:2402 - 8.

. Panwar N, Kaushik S, Kothari S. Role of renewable energy
sources in environmental protection: a review. Renew Sustain
Energy Rev 2011;15:1513 - 24.

. Zhang X, Ma C, Song X, Zhou Y, Chen W. The impacts of wind
technology advancement on future global energy. Appl Energy
2016;184:1033-7.

. Paradiso JA, Starner T. Energy scavenging for mobile and wireless
electronics. IEEE Pervasive Comput 2005;4:18 - 27.

. Park C, Chou PH, Bai Y, Matthews R, Hibbs A. An
ultra—wearable, wireless, low power ECG monitoring system. In:
Biomedical circuits and systems conference, 2006 BioCAS 2006
[EEE. IEEE; 2006. p. 241 - 4.

. Premanode B, Toumazou C. A novel, low power biosensor for real
time monitoring of creatinine and urea in peritoneal dialysis. Sens
Actuat, B 2007;120:732 - 5.

. Orrego S, Shoele K, Ruas A, Doran K, Caggiano B, Mittal R, et

al. Harvesting ambient wind energy with an inverted piezoelectric

- 46 -



flag. Appl Energy 2017;,194:212 - 22.

9. Lallart M. Nonlinear technique and self-powered circuit for efficient
plezoelectric energy harvesting under unloaded cases. Energy
Convers Manage 2017;133:444 - 57.

10. Takemura K, Yoshimi A, Nishikawa H, Tanaka A, Douseki T.
Batteryless 900-pslatency FM transmitter powered by piezoelectric
generator for wireless electronic drums. In: SENSORS, 2015 IEEE.
[EEE; 2015. p. 1 -4.

11. Paradiso J, Feldmeier M. A compact, wireless, self-powered
pushbutton controller. In: Ubicomp 2001: ubiquitous computing.
Springer; 2001. p. 299 - 304.

12. Tan Y, Hoe K, Panda S. Energy harvesting using piezoelectric
igniter for self-powered radio frequency (RF) wireless sensors. In:
IEEE International conference on industrial technology, 2006 ICIT
2006. IEEE; 2006. p. 1711 - 6.

13. Yang J, Lee M, Park M-J, Jung S-Y, Kim J. A 25-V, 160-u
J-output piezoelectric energy harvester and power management IC
for Batteryless Wireless Switch (BWS) applications. In: 2015
symposium on VLSI circuits (VLSI Circuits). IEEE; 2015. p. C282
- C3.

14. Lee J, Choi B. Development of a piezoelectric energy harvesting
system for implementing wireless sensors on the tires. Energy
Convers Manage 2014,78:32 - 8.

15. Jiang X-Y, Zou H-X, Zhang W-M. Design and analysis of a
multi-step piezoelectric energy harvester using buckled beam

driven by magnetic excitation. Energy Convers Manage

- 47 -



16.

17.

18.

19.

20.

21.

22.

23.

2017;145:129 - 37.

Islam RA, Priva S. Realization of high-energy density
polycrystalline piezoelectric ceramics. Appl Phys Lett
2006;88:032903.

Richards CD, Anderson M]J, Bahr DF, Richards RF. Efficiency of
energy conversion for devices containing a piezoelectric
component. J Micromech Microeng 2004;14:717.

Zhu L-F, Zhang B-P, Zhao L, Li S, Zhou Y, Shi X-C, et al.
Large piezoelectric effect of (Ba,Ca)TiO3 - xBa(Sn,Ti)O3 lead-free
ceramics. ] Eur Ceram Soc 2016;36:1017 - 24.

Lee T-G, Lee H-J, Kim S-W, Kim D-H, Han SH, Kang H-W, et
al. Piezoelectric properties of Pb(Zr, Ti)O3-Pb(Ni, Nb)O3 ceramics
and their application in energy harvesters. J Eur Ceram Soc 2017.
Lee TG, Lee HJ, S Park, Lee TH, Kim Dh, Hong CH, et al.
Structural and piezoelectric properties of 001 textured PZT-PZNN
piezoelectric ceramics. J Am Ceram Soc 2017.

Lee T-G, Lee H-J, Kim D-H, Xu H, S-j Park, Park J-S, et al.
Relation between structure and piezoelectric properties of
(1-xy)PbZrO3-xPbTiO3-yPb(Nil/3Nb2/3)O3 ceramics near triple
point composition. J] Eur Ceram Soc 2016;36:4049 - 57.

Nam Ch, Park HY, Seo IT, Choi JH, Joung MR, Nahm S, et al.
Low-temperature sintering and piezoelectric properties of 0.65 Pb
(Zrl— xTix) O3 -0.35 Pb (NiO.Nb0. 67) O3 ceramics. ] Am Ceram
Soc 2011;94:3442 - 8.

Takahashi S. Effects of impurity doping in lead zirconate-titanate

ceramics. Ferroelectrics 1982;41:143 - 56.

- 48 -



24.

20.

26.

217.

Seo I-T, Lee T-G, Kim D-H, Hur J, Kim J-H, Nahm S, et al
Multilayer piezoelectric  haptic actuator with CuO-modified
PZT-PZNN ceramics. Sens Actuat, A 2016;238:71 - 9.

Seo IT, Cha Y], Kang IY, Choi JH, Nahm S, Seung TH, et al.
High energy density piezoelectric ceramics for energy harvesting
devices. ] Am Ceram Soc 2011;94:3629 - 31.

Jabbar H, Hong SD, Hong SK, Yang CH, Jeong SY, Sung TH.
Sustainable micropower circuit for piezoelectric energy harvesting
tile. Integr Ferroelectr 2017;183:193 - 209.

Sharpes N, Vuckovi¢ D, Priya S. Floor tile energy harvester for
self-powered wireless occupancy sensing. Energy Harvest Syst

2016;3:43 - 60.

- 49 -



A Development of Piezoelectric Energy Block

for an Self-powered Wireless Switch System

Dong Woo Hong
Department of Fire Protection Engineering, The Graduate School,

Pukyong National University

Abstract

An important factor in Smart Factory’s energy management is the location
of large factories. This location—-based information can be used to control a
variety of electrical and electronic devices and devices. Using floor tiles that
can be installed in various locations in the factory, the device can generate
enough energy by simple human steps. By using the signal when a person
stepped on the tile, the appliance can be operated wirelessly. In this study, a
new piezoelectric material system that meets the high energy harvesting
characteristics of 0.72Pb(Zro47Ti053)03-0.28Pb[(Zno.45Nios5)13Nb23]03 + x mol%
CuO (PZNxC). The rhombohedral and tetragonal present a clear advantage
in terms of stable energy harvesting, which improved performance in terms
of energy harvesting. When a person steps on a floor tile, the maximum
output voltage i1s 42 V and the maximum output current is 11 pA. This

energy is used to power the wireless sensor nodes that can turn on and off
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the appliances’ power in real time. The switch installed in an
explosion—-proof type, a high voltage causes not only a high cost in a
cable and a switch case, but also a great difficulty in management.
From the cost reduction and facility protection, we developed a
suitable protection means corresponding to the explosion proof
specification through a piezoelectric switch that can operate at low

power.
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