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The Effects of Driving Waveform for Piezoelectric Drop On
Inkjet Head

& ok MBIk 8-t B RS AN B BT - R

=
=

A

o

X

55C-8-7

Demand Industrial

B B

(Youngjae Kim - Youngseuck Yoo - Wonchul Sim - Changsung Park - Jaewoo Joung - Yongsoo Oh)

Abstract - This paper presents the effect of driving waveform for piezoelectric bend mode inkjet printhead with
optimized mechanical design. Experimental and theoretical studies on the applied driving waveform versus jetting
characteristics were performed. The inkjet head has been designed to maximize the droplet velocity, minimize voltage
response of the actuator and optimize the firing frequency to eject ink droplet. The head design was carried out by using
mechanical simulation. The printhead has been fabricated with Si(100) and SOI wafers by MEMS process and silicon
direct bonding method. To investigate how performance of the piezoelectric ceramic actuator influences on droplet
diameter and droplet velocity, the method of stroboscopy was used. Also we observed the movement characteristics of
PZT actuator with LDV(Laser Doppler Vibrometer) system, oscilloscope and dynamic signal analyzer. Missing nozzles
caused by bubbles in chamber were monitored by their resonance frequency. Using the water based ink of viscosity of
4.8 cps and surface tension of 0.025 N/m, it is possible to eject stable droplets up to 20 kHz, 4.4 m/s and above 8 pl at

the different applied driving waveforms.

Key Words : Inkjet, Piezoelectric, MEMS, Waveform, Droplet

1. B
A2 B0 gH EAL Ze A2 FA/ALA P A
EAQE o] 83 &zt & wiuke) EXo) #@iI I} s A
3 Folny, £3] MEMS(Micro Electro Mechanical System)
F3& ]%d ole]aZ MA W dlo]aR AFoolEo] thFt

AT L sge] B R : Yok FUAZE o]
slolaZ AFelolsE e TF YN} WE LBEEE 7}
A% BAol 2 FEEL AL F Uk AFololeel gloiA
4 Fu e s ge] Hs FAHlH ARgo) B 1
Ree AZFR B B dutels Aol sbsetel
Al $2l glold 1 S$WAst Bojslm ok oY@
4 AzlolEig 014 YA Aee A2 T W ALH
ATAA A 88 A2 st Aok A2 £l o
a4 =A% 714 LCD A4, W YE, DNA Zaws 2
& 4R e 24 o Bel 87 FoiAn Aok «
%, Nzt Fel Folrke woj@ wge BRI A ol
# 242 dAT & At A2 &) ALToier e A

-+

ZAAA, EGR  ZREE FRPIEH £THER
E-mail : young_jae.kim@samsung.com

P ZEEE AR RERER

P ZEER PRARET EEHER

P ERER hRART XEHRESR

P ZEEE PRARST SEWHER

P ZEEHE PRAET eMD LabE

1 2006%¢ 4H 27H

1 20064 6A 20H

CE
-
-
Y OE
§8 iF

B

N m m m m

24
&
e
&
i
%H
B 5E

oy 1.
Fig

Folth, olei@ YA TUY 71¢e

D 947 =379 A

2) dlsel =3 FAR 37} 3) 92 EE 59 37 0)
dzke) Az2Ea BARI31S AESlE 2A9 BAE

£3 zay EA% ZAY S5 Mol
£ 10 pl ol3te] Adn 4

Ari(4]. = AFE daA

=

270 BHA2

HYe A 5 m/s oS X, 5 kHz o) Fsola
FHHY EFo]l 27H Ak o] LRAAE HYE 4R

VECIEERIES EUERES

o) lAE AF el Bl

2. 47

FAA FHre HAFioolE

ol 3ttt

Restrictor
Sines width
2000un tenath
P0un Deplh

R F

T

%8

J[m

B

A e
Q) CoventorWareo)] ¢J&} 8 =c}h wat
YE Atolol A¥BE HASA R
st} o]2jd A4t CFD-ACEE &3 219 1

Nozzie
0 dianeter

FRESE]

Lot

Fo4 B4 o188 AR
SRS

A&l A tool

Zo] o]

HHEE Algo[Me 93t 3Rt 7=
1. Three dimensional structure for droplet jetting simulation

417




BRPFMNE 55CH 84k 20064 8R

AAHY Az FHAEE 2. 29 Gl 28, 29
AMeh go] 4w Si 40 wn, Si0, 2 wm, Si 310 mo] Fo2
3% SOI(Silicon On Insulator) $iol#& AM&3te] =23}t
Aoh(2¥ 2(a)) 43 FYFE PAs7] A 20m me] Si
25 da AYE A 98 310 my Si% S ICP-RIE

}%3}"4 A4 AgFsdch (282 (b)(c)) &FF A&
B B2 o 30 m ¥R =ZFHE ICP-RIEE o &34
P4t vE dele Zdry] g A8ty HE 90T
2] TMAH&HE oj&3td F4 q\’ﬂﬂ?&‘i‘r ojgA Aztd
33122 Silicon Direct Bonding #¥-& Fsi AEsdoh(2
. 2 () (H)(g)) A oo AFoojHE P47
3] 2HEE ol &3 Au HFE DC magnetron sputterE
o] &5t HABT 100 e PZTE 2 wmolsle) HFAAE =
z3ste] FAsigey 4 &9 dlmenswn‘_ E 19 e

o0y dFoole} P HHEFL 950 pF ot

) mlm of

0.

%

H & ¢

{a) SO wmaler {4} Douwbic polished Si wafer

e) Nozzle end by B

(b Intel by
st e R

(C) Cramber by RIE (1) Manifold & Restrictor by RIE

{g) Nazzic cone by wet etching

st

{h) Directly boned ink flow part  {i) Corpleted Head
ozl 2. 43 sle HE SHEE

Fig 2. The fabrication process of piezoelectric inkjet head.

= 1. = Z5&2| dimension
Table 1. Dimensions of inkjet head

nozzle length 100 am
nozzle diameter 30 #m
chamber width 60 Ogm
chamber depth 250 am
chamber length 2700 am
membrane witdth 600 sm
membrane thickness 40 #m
PZT width 540 am
PZT thickness 60 #m
restrictor width 50 #m
restrictor depth 200 gm
restrictor fength 2000 gm
cone width 400 an(117 #m)
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Fig 3. Schematic structure of inkjet head.
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Fig 4. Equivalent circuit representing a piezoelectric inkjet
system.
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