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Development of a new thermal inkjet head with the virtual valve fabricated
by MEMS technology

Ki Deok Bae, Seog Soon Baek, Jong-Woo Shin, Hyung-Taek Lim, Su Ho Shin
and Yongsoo Oh
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Abstract

A new thermal inkjet printer head on SOI wafer with virtual valve was proposed. It was composed of two
rectangular heaters with same size. So we could call it T-jet(Twin jet). T-jet has a lot of merits. It has the
advantage of being fabricated with one wafer and is easy to change the size of chamber, nozzle, restrictor and
so on. However, above all, It is the best point that T-jet has a virtual valve. And it was manufactured on SOI
wafer. The chamber was formed in its upper silicon whose thickness was 40um. The chamber’s bottom layer
was silicon dioxide of SOI wafer and two heaters were located underneath the chamber’s ceiling. And the
restirctor was made beside the chamber. Nozzle was molded by process of Ni plating. Ni was 30um thick.
Nozzle ejection test was performed by printer head having 56 nozzles in 2 columns with 600NPI(nozzle per
inch) and black ink. It measured a drop velocity of 12m/s, a drop volume of 30pl, and a maximum firing
frequency of 12KHz for single nozzle ejection. Throwing out the ink drop in whole nozzles at the same time,
it was observed that the uniformity of the drop velocity and volume was less than 4%.
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Fig. 1 Schematic of the proposed print head.
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Fig. 2 Schematic of the vertical view.
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Fig. 3 Schematic of the virtual valve.

ol& 7] #ste] HAEYE ] AFE FolA
HH g gdoe] & HA G "k o] wjiol
o] Asol v A frt ol S53H7] 4
gto] 2 S=g P BE ALgstel e T

o
=

N oo 2 o0 0 N X
2 U R o o o

)

B HAA] HEo] AAE =,
= solaa ol #W
(surface tension)= p, Ao Fole} %S5 7t
o} w, JIEZ AN A A& A (Reservoir) 2
< Prolet stal, WEo] AFetA HoteF
of 7bete ES Pe B oFal HIYHA A
a1 &, Pe=2y(I/w+l/d)+Pr 7} Bt} =,
Bow o 2pimw+l/d) e FEASS =
L=
PA7t EEH Fov wEo] AlgA A H
ojEM e A AXA drh A A2s
JIA7E B ¢to® wEEA )

N o

k

3. AARM A

B 2a2E AFeks w oA AlE= sol 4
2k 2 MEMS 7] S 9]

2 32
K
2

2

[¢}
Si DRIE ¥4 & &3t E#A (trench) & 7133t
Atk 1 % Fig. 4b)llAlet o]l ZAjulol A
(oxidation) &5 Foto] EWAE R

Fig. 4 Process sequences for the fabrication of the T-
jet (a) trench etching using DRIE (Deep Reactive lon
Etching), (b) oxidation, (c) CMP, (d) passivation layer
deposition, (e) heater pattern and passivation layer
depositon, (f) membrane open and thermal plug open, (g)
mold formation, (h) nozzle plating, (i) manifold etching
with TMAH, (j) sacrificial layer etching with XeF2

1894



2003

ool Fig.  4()°F  #°]  CMP(Chemical olelgh Wy ol o}bH ol e dA P =
Mechanical Polishing)E &3lo] &3} sh3lth. o] E Azt —’F ANEE EolFt) Fig. 5@« ole g
gk FAS Ane; Y 2EYE ] s YAbst 5 wHow Azd oﬂE«l HHS HolFErh A,
T SAIREA A P FA v o] A gy, UyE=st & gAdso]l At Fig
= 50y olelegr e FHoR A2 HES Ko

olglA o WS Fst o Fol Fig. 4d)et & Foh. 2ol e} o] SAlol=R Z vyl A
o] LPCVD £ Al&ste]l AgdyolEgol= = % F A
(SiNx)9} Al Z&Alol = (SiO)E T &gt} o] 2z Fig.6(a)> A1 #¥ F =9 =53 SEM ARzl o]

< A Yg2EdgE Y WS AFsts 9 o BEE YEIAAEE o]4sto Aol
olth. thgrol 1 9ol Fig. 4(e)¢t ol dlEe A w=EFe YA Hdilews s AT dA
L 23 mw(pauemmg) s Atk g BEEA $EE S Hstel wEL Hold
o Fig. 4(39} gq A o m%om 9gl AEZ AE . A2 Fig. 6(b)= o= A A=A 3l

2 WE7] 98 Al & Z23 T ooE Y zsh:} ot =oA =ES A7 F A4S SEM Aot} Z}
FolE =5& UE7 l ?}5to Flg 4t #ol PR 7k Al(Cel)o] AH o F2=EZE VL & whEol A
S olgdte] =F BEmoldE I o W 2 #ET £ vk An e AeE dol
A E(seed)® Cu % Abgetth. B= g4 F Fig Aotk @R EHo AT vk AdE AHE 56
4yt 2ol Ni =5s

T EEE AAYG o 28
= Z

31 912 600NPI(nozzle per inch)9] |4 %=
[e]

7r
w
Zbal Q) Ell=ol)

Ni S o
D % B4 B P e 4o gol ol
WUZEE si 53 Azl o) Az
npA o g AWME PAsty] fske] #E™
(Parylene) & Bv] %7k ek F Fig. 4()%
o] XeFs o 28k Si o 4 (etching) .2 AW E 7
A o3l A EAZE ALEate] B
d@ S o7 (Ashing) 33t
Tjet = AZAl SOI YolH S A&l o]+
Ao YPe A tol&Aalol=g Fa 7
Aol @ & 97 WEeld. gske A% 9
Aol ERAS dpA] 2 Qb SAbol=E A9 ¥ 15,0V 13.2mm x3.01k SE(U) " rggum
T UFd Ao o Sk Aztow A
FA st €

Lo

ﬂllﬂl rlo

Chamber wall

Chamber Manifold

15.0kV x300 100um

ETTE—— N 50.0um
(b)
(b) Fig.6 SEM images of the fabricated head (a) the Ni nozzle,
Fig. 5 SEM image of the silicon trench filled with (b) the head after removal of nozzle plate
silicon dioxide (a) the view of the top, (b) the vertical
view

1895



2003

4. slzo AN £4 . .
18 —— Speed ||
A%E A= 5e FY] Al ® A= _ M [

g tEAe] BYg s AoR S 8 B Rt 2
Ak AAEelAl e AL Jag FASUAG £ |} wi
#Fo Age szt EagHE sl ; -
A BEEF35E A A BEEFos N —
£ 24T del= 92 FasFodAREH EEAA o - — T
A Oc]ﬂ Ho]'%p/] EOO]:O] E‘E‘—_’/ﬂ\é 'o{‘]_ol P‘J% '“IZ-T"}I: Frequency [EHz]
& 9= WHE ARSElt Faarr Skt Fig. 8 Frequency-speed-mass plots of the ejected droplet
upel A o] mefo] shvho] wElE o R from the nozzle.
oA ofel e WeER WHAEA (2dorp EF) ©F
yd F 2 BEEs YAl g (spear EF). ©] AA gt A S FFET] et
2l 2ol e g ang sy e o o 10 49 dHeE SAEES AT 23 Fig
A FaeE Ad EEFaez Z2Asiddg. 9 9 #ol A" Eas HAAT o] w =

a Uniformity = 4% oJW2 A AL}

1

FH HAEZ 3§
B A7 Table 1 7 Zo] HA5H
B 100 Aol @A R SAAAT. wea

AeA JAE o AHEHE HEE Ko

() (b) (©) ()]
Fig. 7. Photograph images of the ejected droplet
from the nozzle (a) at 3KHz, (b) at 6KHz, .
(c) at 9KHz, (d) at 12KHz. § i ! |

@A A4Y A EEFAsoA EES 3 B =
of ztzte] Fes FAsH. A= HrsAe
CCD 7}Ht= o] &3lo] 93 ExS o] 789t Figure 9. Image of simultaneously ejected ink drops.
Al 7S =AF Akl olm Wl Xy
%] q5e 001;}3] @%)g%zgo@ @ﬁ; n:z:cj Energy | Bz | FA4
2Rl A%e £ B EY EE @ F AL - (;l? 1(?:1128 9(?:1127
2 2393 ol EE I4E rol g we) ' 010 010
EZo Ui dFoz Asgi. o u EEd 2 1.8 1.4%10 8.5 10
o)Fo] =wre uly] 9ale] Wio] My oA 3 4.2 6.2 107 4.4x10’
=439t =" 43 Ay E=F94= 12KHz Table 1 Lifecycle of the head at the various driving
AaL o] FooA HE 2ms, I E 30.9p energy.
9tk Fig. 8 24749 Fapgola] S4| A g s ==
%o £w9 AL Ve g £

1896



2003

>,

i

o W
XN

12

=il

[0

ol

rr

poul

tlo

=)

k1

S

ol

ol

2 3R

x B
o,
I

£
m
<
wnn
et
o,
oo
e
Ho
i—'&
{E
X

o]
S
N

o,
®
e
>
N
N
o
il
kI

wn
2

o

il

2

X,

=

o
a2
e
2
o2
o
fu
2
N
i
fm < e [r
o

WEZF35 12KHz, 9=
= Y-3] 30.9pl, Uniformity 4%W<] A3 HoF
Atk T A2 107 Alo]E, HH

FATH = 10 7Y A=

T X
=
_
=
=
T

= o b Sl

)y

o

f

&

4

32

R/

FI'E O“ﬂ OH,

i

3

o M
e =
=2 0o

N
=
= mE‘
ol
-

i
2o -

e
&
¥2,
o
i)
AUy
S ox ox
N
N,
o
2

2 |z
il
Y

(1) J.-K. Chen and K. D. wise, June 1995, “A high
resolution silicon monolithic nozzle array for inkjet
printing”, Tech. Dig. 8™ Int. Conf. Solid-state sensors
and actuators, Stockholm, Sweden, pp.321-324

(2) D. westberg and G. I. Anderson, June 1997, “A
novel CMOS-compatible inkjet head”, Tech.. Dig.
1997 Int. Conf. Solid-state sensors and actuators,
Chicago, USA, pp.813-816

(3) J.-D. Lee, J.-B. Yoon, J.-K. Kim, H.-J. Chung, C.—S.
Lee, H.-D. Lee, H.-J. Lee, C.-K. Kim, and C.-H. Han,
Sep. 1999 , “a thermal inkjet printhead with
monolithically fabricated nozzle plate and self-aligned
ink feed hole”, IEEE J.MEMS, vol. 8, no. 3, pp.229-
236

(4) B.J.Keefe, M. F. Ho, K. J. Courian, S. W. Steinfield,
W. D. Childers, E. R. Tappon, K. E. Trueba, T. L
Chapman, W. R. Knight, J. G. Moritz 111, and HP Com.,
1997, “Ink channel structure for inkjet printhead”, US
Patent 5,594,481

(5) PKrause, E. Obermeier and W. Wehl, 1995,
“Backshooter — A new smart micromachined single-
chip inkjet printhead”, Dig. of Tech. Papers of The
8" Int. Conf. on Solid-state Sensors and Actuators, Vol.
2, Stockholm, Sweden, pp.325-328

(6) S. Lee, H. Kim, K. Kun and Y. Oh, Jan. 2001, “A
monolithic inkjet printhead : Domelet”, Tech. Dig. of
14™ IEEE Int. Conf. on Micro Electro Mechanical
Systems, Interlaken, Switzerland, pp.515-518

(7) F. Tseng, CJ Kim, and C. Ho, January, 1998, “A
novel microinjector with virtual chamber neck”,
Proceeding of IEEE , the 11" annual int. workshop on
MEMS, Heidelberg, Germany, pp.57-62

(8) C. S. Lee, K. Na, D. Maeng, K. Kun, and Y. Oh,
June, 2001, “A micromachined monolithic inkjet

printhead with dome shape chamber”, The 11" Int.
Conf. on Solid-state Sensors and Actuators, Munich,
Germany, pp.902-905

(9) E. V. Bhaskar and M. A. Leban, 1989, “integrated
thermal inkjet printhead and method of manufacture”,
US Patent 4,847,630

(10)U.Sridhar, C. H. Lau, Y. B. Miao, K. S. Tan, P. D.
Foo, and L. J. Liu, June, 1999, “Single crystal silicon
microstructures using trench silicon isolation”, The
10™ Int. Conf. on solid-state sensors and actuators,
Sendai, Japan, pp.258-261

(11)D. Maeng, K. Kuk, C. S. Lee, K. Na, and Y. Oh,
June, 2001, “Performance Improvement in Domelet
Inkjet Print Head by Measuring Temperature of
Heater”, The 11" Int. Conf. on Solid-State Sensors and
Actuators, Munich, Germany, pp.910-913

1897



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장




