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ABSTRACT

This thesis describes the physical development of a new inkjet technology
electrostatic inkjet head design, which offers a direct and flexible approach for
high resolution pattering. The electrostatic inkjet head is a contactless way of
depositing the different materials on substrate. Contactless deposition of the
metallic contents on different types of substrate without involving the
complex steps is under research and will be powerful tool in the future. The
direct fabrication process using electrostatic can be expected to be one of the
dominant tools for both nano—technology research and applications such as
microelectronics. The electrostatic forces enable the system to overcome the
mechanical actuation which is often required high fabrication cost, actuation
limitation and integration problems to produce printed electronics and electrical

patterns at higher frequency rate.

In this research various kinds of micron nozzle head based on hydrophilic
and hydrophobic surfaces has been designed, fabricated and evaluated by
experiment. For the head design, different type of materials has been used
containing the above mention properties to evaluate the different dripping
behavior. For the experiment purpose, the head is developed by lamination
copper cladding sheet, MEMS, PDMS, glass and metallic materials. From
experiments, different results like meniscus generation, dripping, jetting and
printing has been observed and analyzed. These heads were fabricated by
using different micromachining and modeling technology. and for the
evaluation purpose different inks like dielectric, semiconductor and conductor
inks been used. The experiments of conductive pattern had heen performed to
evaluate with different conductive ink in order to evaluate the developed

electrostatic inkjet head.
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Ink 2 9715cps 30732dyn/cm 20wt.% solvent 1307150°C
Ink 3 58cps 4.9dyn/cm 45wt.% solvent 80°C
Ink 4 39%ps 5dyn/cm 50wt.% solvent 80°C
Ink 5 87cps 5.3dyn/cm H5owt.% solvent 80T
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(a) Non-Prominence type

(c) Modified-Prominence type

I8 42. PCB 924 = == oA e wE gAY

(a) 38 (non—prominence type),

)
i
i

(b) =% 9 (prominence type), (¢c) T4

o, g7 HEHAL WA L sekth
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WA g ol Hed HLdy dF7F FAFHA oY, Al

& 7HA AL Sl PDMS 544 ZAd Fefe] g Az A dsfjgel

F =g

& (modified—prominence type).
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W Upper Cap
W |Ink Chamber Cavity
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1.7 kV < —I

1.5 kV

-
Experiment parameters

0 sec 0.00658 sec 0.01336 sec 0.023 sec

a3 46. PDMS 4 =4 e EE 23 2

1.7 kV<

*Vdc: 1.5 kY
*Yp-p:0.2kY
*Frequency : 150Hz
+Function : square
* Duty cycle : 50%
*Flow rate : 10ul /hr

1.5 kV

0 sec 0.00343 sec 0.00714 sec 0.0107 sec

a8 47 PDMS 4 =24 = E& 23 3,

29 483 19 498 % AR 'Y
%

F ARE wolFTh RHOER 97
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* 1 frame = 0.000074 sec
L >

-
Experiment parameters

*Vdc: 1.o kY
*Yp-p:0.2kY
*Frequency : 300Hz
+Function : square

¢ Duty cycle : 50%

* Flow rate : 10ul /hr

* 1 frame = 0.000074 sec
L >
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(a) (b) (c)
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(a) (b) (c) (d) (e)

0 (9 (h) (i )
A A=) dF B3 A4
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~
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o2,
H
N
td

(¥ ® ( ¢
(a) Dripping (b) Micro dripping (c) Spindle (d) Multi-spindle (e) Ramified-meniscus
(f) Oscillating-jet (g) Precession (h) Cone-jet (i) Multi-jet (j} Ramified-jet
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a3 o] 4 7 2 daBH  olE
R oz L By e +Eln © o™ °
T ;ﬁgjﬁg wzwg-gas o TEHN Ty &

(a) (b) 5kV  25kV  500mm 2mm 300Hz 50% 20ut/hr - 0.3mn/s
(©) 3kv 15kV  500um 2mm 300Hz 50% 50ut/hr - 0.3mm/s
(d) 5kV 25kV 500um 2mm 300Hz 50% 50ut/hr - 0.3mm/s

(e) (f) 2kV 1kV 500um 21mm 300Hz 50% 20p6/hr  0.3mn/s

500um

(a)

(b)

2% 419 55 EAR 424 dl= d2 54 v a(Inkl.24).

E 473 1% 420904 55 EAR B d3A =g o] gdte] EEA
HElo] st EAe e APt a2E 42004 HEA Y-S <l stA
A oHE el W] whalE RROIA ARA el WZe] F/sE @EL
2 5 AT
F AT 34 =AY Q24 d= g 34 WE (b 92 k)

T A% o] A4 A ¢ e = =AY o]

B OANRANEAD  (eromomegan o THN T gt g

(a) 3kV 0.5kV 200um 2mm 300MHz o0% 100¢e/hr  0.3un/s
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# 4.10. PCB, MEMS =LAl d=¢] %% EA

SESE 99 Aw ol a4 94 39 49 243
PCB 4kV 300Hz 150.8/hr Ink 1 ] 227 2~
MEMS 5kV 300Hz 20048/hr Ink 1 £ A

T ATS HAFE). ol9t e A= PDMS Y AA FE=o FFoA o

A5 Be s Wad Use] wF owvs Mom e dny YA
HuUAAA d4 A F o Hd RES wEo] A3 B A dAYE Hdy

AFE Ao 44 wE F Q7] Wik fel mAw Jag H=E )
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