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Fabrication and Characterizations of Thick PZT Films
for Micro Piezoelectric Devices

J. S. Park, K. B. Park, D. W. Yoon, H. D. Park,
S. G. Kang, T. H. Choi, N. K. Lee and K. H. Na

Abstract

Recently, thick PZT films are required for the cases of micro piezoelectric devices with high driving
force, high breakdown voltage and high sensitivity, and so on. In this work, thick PZT films were
fabricated by Sol-Gel multi-coating method. Microstructures, and electrical properties of films were
investigated by XRD, FESEM, impedance analyzer, and P-E hysteresis. PZT films with 2.7um to 4.4um
thickness were fabricated. Dielectric constant, loss, remnant polarization and coercive field of
them were 830~1650 at 1kHz, 2~3% at 1kHz, 26~32 uC/crf, and 33—60kV/cm, respectively.
Also a transverse piezoelectric coefficient (es1,) measurement system was fabricated and tested for thick

film samples.

Key Words : Thick PZT Film, Micro Piezoelectric Device, Transverse Piezoelectric Coefficient, Sol-Gel

.LME

i PbZnoTh 008 (13 PZD) %h& o837 2h%
$129) vpolzz oArdlolHst rlo)az ANz S8
| A% °H7} - Edeke, L Fede ds S
#a Aok PZTY: A (de), A7171A1 2% A
(k) 8 24 AT () 5o ol 2, 24 Wt
& s 5o Aoyt Folaiths e 2% 3l

N

L

3
N

* o AAREQ R, eyl Qe
o ghokusha, AlE sty
ik SN E AT, whel AR AFHE

Wiolth wholaz g 4%
PZT =e F77F 5000A

7b Bk 21 ol A

2 27) 44 39 sk 3
=4
=

9 A77IAAE

[e)
A A RS B FE

[}

g PZTo} ek A7)

=AY gl AR W] A2k Sola]

}.%Aki

olo
o
O ol

o oo
'~ Ogn
2 o
g o !
]
T, e
2 oy
oo s
2 S o e
N
2 gy —=
N o
>, )
X X
il

K 30,

30, N,

o

&
&2 !

ifleA

>

EBetEX/A114 A75, 200241/ 569



7 & PZT”L94 AR 2 24 Aol Fol tigh At
Q

Ln}a}ﬁ %% Aol Aiz mlolaE AA B Aol o]E]
S48 93l multi-coating W o8] MFH 2um o
el PZTHe] FAMgle] w2 mlatz, A7E 54
of thall A EQIoM, effective transverse piezoelectric
coefficient (en)Z&d X% A3t 1 ol o)
F715E #7144 B4 S grkskdch

2. ¥

o

HIH
2]

o

21 T2 pPZT H= % "o}

(111) wigkd <] Pr(3500A)/Ti(400 A )/Si02( 3000 AV/Si
(32om< 71931}, 2-methoxyethanol(2- MOE)& £wjjL
8t 2/4u|7} PhZrOy/PbTiOs=52/4%¢ 10 %Pb7} <)
# 04M 2 0.7M2] PZT solo] AME-EI%iTh '35001pm°l]
A 30% <t spin coating® PZT sol& 2% $7] &
aje] HAEL 98] 40T 108 Fot d/‘%/] g
AX §F, 2A48E 9l 650TA 287 dEHer A
Z53t) o)8 w9 FAHLR 3ty Yz FATA
4 FAL WrE-g %3 PZT multi-layerZo] d44
HEAQ PZT 919 Z248E $std 650C, 30%
et ojddo] HAIFALL FA Wsle] whit PZT v}
4 Wgte] =218 913l 04mol Sole o]-&3te 243]
288744 49 vl 2% 34§ upto] 2% PZT
2t 3 0.7mol Sol& o] &3ke] 153] (thick 15 times)
9 193] (thick 19 times)7HA] 49 w2 ¥ 3144
upro] 2% PZT &9 A 2=tk Cu-Kad& AHES}
o ZAHE X-ray diffraction pattern(XRD, Rigaku,
D/Max-3C)2 28 PZT =he] 24 4271 #A5o
Field emission scanning electron microscopy(FESEM,
Hitachi, S-42000& o]-&3}e] PZT oho] thd 4 uw
ol #AHAT AVH B HHE Y8 DCospu
~tter&A (VarianAh 32 PZT o Aol 60x10 'erre] W4
ZH= oF 2000A FAY] Pt Aol £# Fglon, AH
Hedo| whi PZT 9ho] Wi $=lg sl g7 s
607C, 30 w7t old¥o] HAAHAT o] gz} o] |
H A#H& RT-66A (radiant technology)¥ ¥3 P-E
hysteresis loop7} #2E|c) o]2 %€ Pr, BEc S &
¢13}9t}. Impedance analyzer(HP, 4194A)E S A4H4
17]‘< C]_{‘:‘a'_ §].o 01' E}

i off ,‘"°" e

I

o

22 T2 PZTC e 5y Y H=|

Transverse piezoelectric coefficient ess %% Fx]i=

570 /e AN7EZstR /A 119 A73, 20024

1R AU E - ol A8

Fig. 1o} Jelglen, tzivke] o1 ~rigolef o]

MAEs AEE nAE ALS B FAe 5 Qi
atoluk shdebel sba A AR 9Fdl dlFo) ol

ol gste] Fig lolAMel o] # Firo] AFEE
cantilever® <FH R Ao @y WAAIZL 5 o)
AR AE#RI s wAE: Al AsEE 7)o
olsfa] 2E w zq%}oi WEEo] 9B oARARITE
28 AT ¢ QB Fojgu) wrAlE A&}k trans
verse piezoelectric coefﬁclcnt ens® ¥A1= piezoelectr
-icity9} Fig. 20149} 20| cantilever®] 7]3}8H w3
9] ol u}x—]ﬂo; 51 731])\}&1 2= 011,}

Fig. 1 Measurement tool for transverse piezoelectric
coefficient ey

-

Fig. 2914 cantilevero] 2% haehe: w¢ddshy, ¢
Huk 3o 42154 poled Fo19)a1, 41/]4-0‘ 23 W
For AgHrtn 7hgshd, 117] F(Ex2} stress comp

“onents(Toel 424 A4S st 7ro) v

W4l
Dy= epepEy+ dy (T + Ty) +dyy T, 0}

£= SP T+ SF,Ty+ SE3Ty+dyE; (2
&= SELT\+ SE Tot SPyTy+dyEs  (3)

D= #A7H
Fd A(relative dielectric constant), $5537 7]

W (electric displacement), g3 A

2]t elastic compliance coefficient, &3> strain 4#&
vebd zlojul Fig, 2014 ghdute] 7% whako g X}%
71 wiitol Ty stress AELS A o(zero)o),

= A A7 RA] S 01]’\1 ZA x| o] 1] 7] HH—T ol]

Ty =0, Es =0 20L& o83t (D9 stress G2 2]
(29} A(3)ell 2J8iA strain A+ ﬂr elastic compliance®

vhebal 4 gie,

T+ Ty=(&+&)/( SE+ SE) @



Aol AFE NY3FHE W e 7t FEHo AT

d31

T SE 5, VTR T

831,/(51"'52)(5)

A dhete] FA= cantilever A Kl of-¢ gFrial
s, &3 Lol oFd whhe] A Tl diEiA o
- ztetha HE 4 glew, s g
cantilever®] %W strain® sYsitha 7Hgste] VERd
g Stk

Transverse strain &3 longitudinal strain 3}
poisson’s coefficient Vel 284 &=v& Zo] Yehd
4 9lom, 259 electric displacement = th&-3 #

o] @ o)A

Fig. 2014 cantilever®] z% Wdkoze] 7] 74]75.
(deflection) T3} #o] 4oz vepd £ rt

_ _F : _ bon®
2= GyT (Bsz—xd),. 1_, 5 7

3= cantilever $(bending)ol] Z-&-¥ 3ojH 1 b, hl
cantilever®] ol & FAo]H, Y+ cantilever® 3

(Young's modulus)e]t}. x=1 ¢ A% cantilevere %sl%

VEhe], o)mle) cantilever? Hdl B z&

_ FB
4= 3vI (8

2 bl £ 9} Fig. 2914 cantileverd] W&ol 23t
FEH W RS g o] Ao R JERE 5 gith

A A= oo Eoi= cantilevere] x3 kY

Tuk pzTe] Az 2D 24 B}

ZEHQ) & & eI 2k

&= 3R (11)

A6l 2ANH10),(11)E diYsha, HA=e] Alzkdoelgt 7+
;} @49 Zol9 electric displacement DiE thg)

Ds = Q(x)/wdx (12)
i R ¥
~~~~ - I %’x
{ _III::__::: :\T ¢ ]
Sy
R
F

Fig. 2 Concept diagram of deflected piezoelectric
cantilever by outer bulk piezo-actuator

_ 3ey  whz,(I—x) M
Q= - L:(l—x)dx

(13)
T xi37 A5 FEFH, A(13) L R Eltransverse
piezoelectric coefficient ex= A3FHQ)F cantilever

Lo Wele) BA 2o] &3 o] vieRE 4 9k

o 209
IS Bwha (1— 0 )(Wx, —xp) — (€2 —25)/2) (14)

Cantilever®] clamping A#25E 259 6)22 +

B transverse piezoelectric coefficients¥® th23 o]
LERd 5 9lth
en = 2
3L.f SE11+ SE12 (15)
2 sF
dy ;= dp— oF “+le dy = dyg— 2 3E13 €31, ¢ (16)
S AMIISSHEIX|)/A 11 #7355, 2002¢/571



(b) 28 times

(c¢) thick 15 imes
(c) thick 15 times

—
30

(d) thick 19 times

Fig. 3 FESEM micrographs of PZT films at various film
thicknesses
Fig. 3& 77 @3l w& PZT 7te] FESEM EW
9 oghel 13 Aglolt, ¥
we PZT vl Bel vl zAdM 2908 e 9

A% o & ATk o Ao RYE 2, 288 =YY

PZT =re] SAliz 247 28 2 33melnem, o1 Ay
G F o 1100 ~ 12004 =9 FAZ who]
A=At ‘Cf‘f} o ApR o 2 RE columnar EF %%

1=

A% 4 dden iy R 583 v)g AES

2% 2t AL 4 4 Aok Thick PZTY A% 15,

= R ORI
193] z"€E 2] FA 2424 38 ¥ 44molR e,
AETA & ok 2300~2400A FAE o] FAHUG ¢

W M= 4R columnar TE7F UEbEeH, ofiz

572 s MIBsEIxl/A 119 A75, 2002

EAAE - HEE - o)kt

U

SAlvh Zhde] wel "a gasduh 4 lme] T
A= EPFLOAA Bud A3 4umeb SAbH Axpdn®

Fig. 43> A Wgle] wiz PZT “rel XRD patterns
vhebd Aotk PZT 2 perovskite -Fent $bd 24
SHEISE o 7 ek 24 2 283 adlyl A5 9
e (111 Fwjado] Ak Thick PAT 4
(11DuR) 8] (100), (000mFAo) $-43hA 72
Ak

Pt j 1400y
PZT1200)
PZT(110) ; .
thick I‘fum»s 4.4 /m
PZTIO0)

PZTUH)

thick 15 nmes 3.8 mm
! ‘}
W

pA i k 28 nmes 3.3 m

Jd\ 24 times J 2.8 i

T T I —

20 30 40 50 60 70
26/ deg.

Peak Intensity 7 arb. units

Fig. 4 XRD patterns of PZT films with various thicknesses

Fig 5= A #7)o] wpit PZT W) Fd&3 54
& L¥EM ’4014 243 4 283 FAy P/T ute]

go] 1kHzol A 900 Hwst ddAstgdon &4
O% wiele} ghe vhERIRYE Thick PZTe] 2
%l oF 1500~1630 o|Row f¢ 4‘-?}8 e
2..)‘/&1]9]&, ER) Kalpat Sl 218hd, (100) =18k
o] PZT+= (111) wi&kA el PZT Hu} %8 488 7

A3 917] wEele”

—101_,

i
oY,

—JIO rl')' o ‘Yl’/
>
_10 “O _'
ox 12

—_

1800 . . . 12
“m 1kH, H
® 10K
1500 1S, s v qie
¥ | MHz a3
= 1200+ 18
s £
2 RN =1
i =
S 900+ ] 3 46 1,;0
o v =
£ pt
5 A
v
2 o0 VAR P
a
300 | {2
L . - S 1y
2500 3000 3500 4000 4500

Thickness (nm)

Fig. 5 Dielectric constant and loss of PZT films with
various thicknesses



Fig. 6& F7 Z71ol w2 pZT wete] P-E £4 ¥l
‘Jr‘:#‘ﬁi Aojh, PZT %o 77} F7hhel uhe} 283
A 33m PZTHe] A% 200kV/ecme dA714 ol A
O]JC/cmZ AEe #g YERlem, t‘% A o 60
kV/cm W92 JEebgdtt Thick PZTS % 2F2= &
3} gAAE 42 26~32C/cn, 33~35kV/cmE YebiTh

80 : . . . 100

_13 l—M m

o 5V
€ 2 40V
60 < “ sov B4 80

0V
80V

IS

=)
T
[

L I3
A\
o wh
©
3
<
1
o
=

100V

Ec (kV/icm)

=3
[
;
A
.
(=3
Pr (C/em’)

20

i 1 ] 1
2500 3000 3500 4000 4500 5000
Thickness (nm)

Fig. 6 P-E characteristics of PZT films at various
thicknesses

ens W7h AAe FHe AW Foe on wae s
]

7] Slaf 93 94 AFololee Agsdon, g
FokolA wAsh: AHFE ZEe] Ag WD W
2e317) 919 AelEZ/1S AHgsh

o o
o
i)
N
Bl
g
ok,
>,
o)
o
£
i
rN
o
2
=<t
ri
2
D
o
oh

r&
i‘l N
L
o
L

F9& ), ﬁﬁ}?jﬂ % 3|~ ﬂ?}

Azwgts Jepdd. Fg. 8(a 01]*1 éxé Hel

A2+ "lﬂ«l F2E nyste] 4 (145 B8 Add

% Fig. 8 (el Jehsic ]Jﬂ«l A% ensd A

tf  ghol 3HZ°ﬂH oF 8C/mPel Al 20HzelME <k 15

O’z Fi4 F7te] Wby NEHog #rEe &
o

5\_ [e]
& s, ol 8% wel W S aAdlNe A
g

7r oo aly ku o;r > 0B
Ot
o
> B
o
_O‘g
1o
r_>.i
_O|L
Lo

3} Hugz\]ﬁ}x o AIZF A &3t

A Fol o 24
2 FAHo| o2 data baseE TEFE AL o]E o|&3
ope]A R A} AA Al WS- 88 o2 AAEY
Telk LGYH 1k5/5 6 Acas
g - i
/ ™ out utA signal r{/\\ | ¢himean
/N put sig / y 3.339mv
% \ it 4
v Vo7 \ |
\ / y o
R A B R
. ‘ v P * Ch2 Frag
: Lgvgss?g’r!nzal
1 ; r “1 o amplitude
i : ) E Chz +Duty
-1y — ] Lamrsignal
: amptitude
driving signal
TRT T TORVA SV [T e
2 Mar 2002
15:42:04

Fig. 8 (a) Output voltage of piezoelectric thick film (sample 1)
with external stress at 3Hz

Chargs[pC]
[ewyol e

2 4 6 8 o 12 4 16 18 20 22
FrequencyfHz]

Fig. 8 (b) Induced charge and e 3¢ of piezoelectric thick
films with frequency variations

Ol

shadriEstslRl/A1LE ATE, 2002/573



(1) Az" $9 PZT o] FA Wsb] w2 ul4
TE 2 54 #Hast Z"P}q‘ii‘;} AZE 28m oA
44me FAF Zh= P PZTY w44, 4 &2,
I T s i ) m]t— Z,zl 830~1630 at 1kHz, 2~
3% at 1kHz, 26~32uC/cr 2 33~60kV/cmo] 31t}

(2) A F kol 8} transverse piezoelectric coeffic
—ient enrfr FG387] H¢ tools set updtH o,
A A T AlHo] Ui testH FushHLh

(3) AF gd 9 Az 9 FJrp A7 A &
ol Sol-Gel 2 Wle s FHE o] &3 ey 7} -
9] A= 4 #7} data base$H 181, vlo]AR o
ool A& AZsta WY ¥ AE &L Yot G
38 o Foju},

22
do Zh 3t oo

(e

7|

o

B oAy ARl Adshn gl A 4]
A AR F Al Ye] ksl Qi Ayl
zu)4] F-DeH vlo|ARRE 7% Ak AR A
Batza FaiFo|n] old AR} ofe|iA 7Habe] o
& SEYTh

off >

574 [#Z2MIBEEX/AL1D ATE, 20024

(1) C.C. Hsueh et al, 1993, "Sol Gel Derived
Ferroelectric Thin Films in silicon Micromachining
", Int. Ferro., pp. 3~21.

(2) K Yamashita et al., 2001, "High-Directivity Array
of Ultrasonic Micro Sensor Using PZT Film on Si
Diaphragm”, Trans.’0l. Int. Conf., 1B3-02.

(3 BXu et al., 2000, "Ferroelectric and anti ferroelectric
films for microelectro mechanical systems applicati
-ons”, Thin Solid Films, p. 377, 712.

(4) D. Kaewchinda at al 2000, "TEM characterization
of PZT films prepared by a diol route on
platinised silicon substrates”, J. Eurp. Ceram. Soc.,
Vol. 20, p. 1277.

(5) M. A. Dubais, P. Muralt, 1999, "Measurement of
the effective transverse piezoelectric coefficient
enr of AIN and Pb(Zr, Ti)Os thin film, Sensors &
Actuators, p.77, pp. 106~112.

(6) P. Muralt et al, 2002, "Piezoelectric Materials for
the End Users”, paper No. [-9.

(7) S. Kalpat et al, 2001, "Effect of crystal orientation
on eielectric properties of lead zirconium titanate
thin films prepared by reactive RF Sputtering”,
Jon. J. Appl. Phys., Vol. 40, p. 713.



