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Fabrication of PZT Films by Inkjet Printing
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ABSTRACT

Inkjet printing (IJP) has become an important technology for many applications such as

nanotechnology and, electronics, due to its ability to direct-write well-defined patterns on various
substrates. It avoids the complicated photolithography process, which leads to cost-savings, efficient
use of materials, and waste elimination. By controlling the surface energy distribution with a self-
assembled monolayer (SAM) coating process, we successfully deposited a patterned 2-pm-thick PZT
film by an IJP technique utilizing a sol-gel PZT ink as the precursor. We also confirmed through
experiments that the piezoelectric constant of the IJP PZT film was high enough to be used as the
actuator of an inkjet head. In addition, while the conventional methods of sputtering and spin coating
generally have a maximum film thickness of 2 or 3 microns, by using IJP, we could form a 20-pm-thick

PZT film. With the orientation and crystallinity equivalent to 2-pm-thick PZT film.
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Fig. 1 The process flow of PZT deposition by IJP method.

Ricoh Technical Report No.44

48

2020



&R THAES HENRI)

22 EROXRBDIRILX—HEHES—FED

74

&R FHE ECIIRELEZ U CIRIRRITIEILL D
DI OREEDEN N — U BT T D T2 DITITHEAMR
ORI T F VX —HIENLEL 72 5. Fig. 2ICUPE
AR E D AR O Wi A X 2 7R 97, SidEAR_EIC i fekx
JE, BAEREREDERINTEY, KERHIZIIPUE
AR ST 5. PEM EOPZTIE AR X h

LI — R@ngmlainsd. v— Naidmiey
t 7 Iy 7 AORIBMAEK A A B3 — FTERAR,
VAT, 74 N VT T 7 4=y F U TIET
WRYE =BT D, EOBT NI TF A —VEIK
ZERFEICEBA LT L a— LA T 5.

IJ HEAD
N
Droplet
\: PZT precursor
Seed layer

Lower electrode ® SAM layer

SiO2 Si substrate

Fig. 2 Cross-section diagram of IJP method.
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Fig. 3 Image of application dots of IJP method.
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Fig. 4 Photograph of ejection of PZT precursor ink.
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Fig. 5 Optical microscope image of patterned 2-pum-thick
PZT film by IJP method.

Substrate

c'.
Upper Electrode **

PZT

lower Electrode

Fig. 6 SEM cross section image of PZT film.
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Fig.7 Typical P-E hysteresis loop of the PZT film
measured with 1 kHz triangular voltage sweep.

Table I Summary of dielectric, ferroelectric and
piezoelectric properties of the PZT films.

HRFER (e) 1500
PHEHEL (tand) 0.02
BB ook (Pr) 15 pC/em?
PrEMR (Ec) 25 kV/em
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Fig. 9 Displacement characteristics of the PZT film.
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Fig. 10 Photograph of ink ejection from 1J head.

34 PZTROEBIEO®RE

PERD ARy BIERAE ya—FT 4 728D
CSDECTHRUET HPZTEIESI v =~ BRI — 72
7S PR S 2 T2 8D B 0 2 0 RO IEIRE ] O il K9 70>
HERKEEIF2~3 umE EbN TS, T34 AD
/N DBESR N5 3L 7 PZTICA O Y, PZTHE % H
V\7=MEMS (Micro Electro Mechanical Systems) 7 /3
AANDEEZWWZNEENTWELD, M) GEEE
71) DEWT A ANERTE TEEHZ AT
R,

Z Z TUPIES W BB L OE 21T > 2. P
B CIXPZTRIBEIR DO BAT N /R H — = 0 7 S B T
DHDT, HROZ 0 IFAETHEHW. iz, —kH
IRAE Y a—T 4 I X HCSDIEIC L HPZTHED
BRI BERCIRE D 7 F 7 F8AE DO RED B 1Bl D AR
13100 nmfRETH H P, UPIEOLAIE, /¥ —
CVRNZRER S DT80, 7T v 7 B33 LIZ WAL
BEMEDR D D,

Fig. 111 & K10 pm E TEMEAL L 72 PZTHE D /X
H— ORI S FHT K DB E RS R A2 R,
=27 VARIX100 um ¢ TH Y, UPIED R % A7

L, [ABEFIC5 pmE 10 pmD /S % — o A B L C Al
ZEW L. £ —EOBAE S 13400nmTH Y,
BERDAYE v a—T 4 72K DHCSDIEDAE DS
fike Lz, REPRICI 7 v 750RETR N
RN FETNE — U OREE S 2 pm/E R & R ER
23— RS = ORFEPHERFF STV D,

10umPZT

ZLpm]

(YIEF)/(XEF)=1, (ZIER)/(X{EF)=10, (E8zA)=30, (REM)=45, (XABSA VE)=101, (ZHE)=(RER)

Fig. 11 Surface shape of 10-um-thick PZT film.
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Fig. 12 X-ray diffraction peak of 10-um-thick PZT film.
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Fig. 13 Ring-shaped PZT pattern with a diameter of 2.5 mm.
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