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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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%&' ()= %&' NOP�2 LK QR� 
�= ��H2 %& S�! TU�2 V�>WH 
XY� Z[+ �= \]� �� ��. %&! 

XYZ^= LK _�`D >?
 aP! ���
9 bc� deZ[ @ fGH XY�= >?�
��.  @ g� hijk� ih� Ll� � d
e�= f� ��9 %&! XY�= >?� �
�. 
LK ;< mno aP! p�
 q�� >r
�2= bc� de>st XY>s� u
 vN
wx(Roof shooting), XY>s� de>s� yD 
p�) wx(Side shooting), XY>st de>s
� �zD {wx(Back shooting)� ��. 
aP! ��
 q�� >r� ()= �|t 
u
 � ! }~ ��. %&L �GH XY�= 
�HD TU(Nozzle), aP� �� bc� deZ
^= �b(Chamber), �bH %&! ���= <
���P(Restrictor), ��<��2 %&! <��
�PH ���= C��)(Manifold)L ��. j
� 9:L� D�L () JM� �s� V��
�, JM� �J�= ��D�! ���I aP
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� q���, TU� S���, <���P� S
������ ] " ��. 
%& XY ����� �I �|t u
 p�
�� @<~ ��. �� aP�2 q� deZ^
I bc� � ¡ �~ ��. � bc� f� �
� �b ¢� �= %&= TU� �� �GH 
XY�~ ��. bc� �£�I ��<� ¢� 
�= %&= �b ¢GH <���P! ��  
¡4~ ��.  � t¤�2 bc� de¥ �� 
%&= <���PH \¦�= #§� de�~ 
��, bc� �£¥ ��= %&L <���P
! ��9 ¤§`D >sGH ¨©~ ��.  ª
�2 <���P� S���
 bc deZ�= 
&� bc �£Z�= �
 ~ «�. ��� �
:
 <���P! ��] "= ¬�. 
ª�2 ­ ®��2= de� bc� L§¯°
H ���9 <���P� S���� 
 p�� 
±�2  ²�= � ! ���� ³¤�9 �´
�. ­ ()= MEMS ���	� ���9 SOI 
(Silicon On Insulator) µ�¶! }� ���·�. 
XY¸¹
 CCD ���! ���9 / �º"
»H XY ¸¹� u
 Z¼� ¼½� ¾� ¿À 
Á��·�. �! ��9 XY Â`� À� � 
�z �º"! ³¤�·�. @<� �W� ��
�9 XY Â`� kÃ� ³¤�·�. 

 

2. ��� ��� 	
 

2.1 ���� 
  %&' ()! ���� Ä�2= %& �bÅ 
bc� eJ�= aP, %&L XY�= Y�D 
TU, %&L �b ¢GH �Æ�= �HD <�
��PL �¡+ 
�. �¢� T-jet � � = Fig. 
1 � ÇÈÉ 3Å u� SOI µ�¶� ÄÊ Ë<Ì
� �b! ÍJ�~ �� Ë<ÌÎÏÐ� �b� 
ÑÒIGH p��~ ��. @<� �b� ÓI� 
<���P! ÍJ�9 %&! ��] �H! �
 ~ ��. 

 
Fig. 1 Schematic of the proposed print head. 

  �b� ÔI�= TaAl � ���9 aP! ÍJ
�~ �~ ��. aP= 2 Õ� u
 &�� p/ 
Í aP! p��·�. � A� <���PÅ L
Ö× Ê� aP= XY p�� A� L§¯°� 
\]� �~ ��. aP �Ä�= aP! �Ø�
Ù qÚÛ� Ü_ " ��Ý �ØÐ� �J
�. 
� � XYZ de� q� Þ >Y¥ " ��Ý 
>q �H (thermal dissipation)! �J�~ ��. 
@<� �b Aß ÄÊGH TU� �J�~ �=
E TU� ¸�
 à�¶ (taper) ¸�GH �á�.
�â~ ãä! 
 �S= %& S���� �� 
%& XYZ À�! åLZ^� Äæ��. 
 
2.2 ���� 

  Fig. 2Å u� %&= C��)(manifold)�2 <
���P! ��9 �bH  ¡4�  ¡ç %&
= aPL dq�9 bc� �  � TU� ��
9 ÇL~ ��. aPL dq�9 bc� eJ] 
� %&� hè� L��~ �=E � fGH D
�9 %&� _é= <���P! ��9 \¦�
~ �� zé*� %&= TU� ��9 XY �
�. ª�2 <���P� ��� &I @�ê X
Y�= Â`� ëÑ�~ ��, �zH <���P
� ��� �Ñ�I @�ê XY�= Â`� `¡
�~ ��. ì
 <���P= �º"�� �s� 
�~ �=E ��� &I %&� �Æ�= À�L 
í~ �� �� ª� �z XY �º"L �Ñ�
~ ��.  î, TU � <���P� ��ï!  
² �9 À�Å �Æ�º"(refill frequency) 8� 
JM� �`Ï�~ ��. 
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Fig. 2 Schematic of the vertical view. 

 
 

2.3 	
��
 ��  
  ­ %&' ()� � � ��
 ð A �ÇD 
L§¯°! p�
�= ð
 �|t u
 Kñ� 
}~ ��. ��� %&' ()�2= bc� d
e�9 �b ¢� hè� Ü�~ �I zé*� 
%&= TU� ��9 XY ��� 
òGH= 
<���P! ��9 \¦�~ ��� 
�.  

 
Fig. 3 Schematic of the virtual valve. 

 
�! Ð� Ä�9 <���P� ��� Ü�~ 
�I %& <ó� Þ �� ô~ ��. � ��� 
()� JM� Çõ�~ ��. �! ö÷�� Ä
�9 ­ ()= L§¯°! p��9 JM� ö
zÏ ��Ý �·�.  
L§¯°! �J�= >?
 
 Õ� aP Ä
�! %&! ��ø= <���P Ê� ù���
Ý �= >?� p��·�. � Ä�� ¾= �
S= aP dqZ bc� eJ�=E, � bc� 
���9 S���� ú��� æ��. ûI��
(surface tension)� γ, �b� Ü�Å ü� // d
Å w, ��<�± %& �K�(Reservoir)� hè
� Pr�� ��, bc� \¦�� ý��Ý %&
� L�= hè� Pc � �� ïhþJ S���
� �I, Pc=2γ(1/w+1/d)+Pr L ��. î, L§¯
° ��� 2γ(1/w+1/d) �ê S���� ún�~ 
��.  
%&L XY� ��= bc� p��~ �� 
�H� S���
 ��~ ��. ª�2 ��a 
%&L �b ¢GH �Æ�~ ��.  

3. ��
� 

­ ��! ���= E �¡2 $�= SOI µ
�¶! p��·�, ��>?
 MEMS �	� �
��9 L��·�. Fig. 4(a)�2Å u� µ�¶� 
Si DRIE �¤� ��9 ��� (trench) ! L��
·�.  @ � Fig. 4(b)�2Å u� �ZE�� 
(oxidation) �¤� ��9 ���! �	�.  

 
Fig. 4 Process sequences for the fabrication of the T-

jet (a) trench etching using DRIE (Deep Reactive Ion 
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 
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�|� Fig. 4(c)Å u� CMP(Chemical 
Mechanical Polishing)! ��9 
�Ï �·�. �
:
 �¤
 �bÅ <���P� Ó� Í§Ï �
= �äH2 �b� ÍJ
 �¤ 
�Ð� ���
~ ��. 

  �â~ y Ó� Í§Ï 
 �� Fig. 4(d)Å u
� LPCVD ! p��9 Ë<ÌÇ����) 
(SiNx)Å Ë<Ì�p�) (SiO2)! å�
�. � �
7
 �bÅ <���P� ÔI� ���= �ä
��. �|� @ Ä� Fig. 4(e)Å u� aPÅ i
ö� å�
 � �P�(patterning) �~ ��. �|
� Fig. 4(f)Å u� q� >Y�� Ä
 >q�H
! � � Ä� Al � å�
 � �P� 
�. �
|�= TU� � � Ä�9 Fig. 4(g)Å u� PR
� ���9 �� �)(mold)! ÍJ
�. � � 
Z)(seed)H Cu ! p�
�.  �) ÍJ � Fig. 
4(h)Å u� Ni ��� 
 � �)! ��
�. �
â~ FÊ �¤� �É � Fig. 4(i)Å u� �I� 
C��)! Si 8>J r/� �� ��
�.  

�ÐGH �b! ÍJ�� Ä�9 ��O

(Parylene)� �b ¢ÊÖ� �x
 � Fig. 4(j)Å 
u� XeF2 � �
 Si ��(etching)GH �b! Í
J
�. ��� Î�-��
! p��9 �
 �
�O� ��(Ashing) �·�. 

T-jet �� ��� SOI ���	 
��
 ��

 ��� ��� ��� ���
��	 �� �
� �� � �  ! "#��. $�
 %!& '
() *+(	 ,- . /) �
��	 01 2
3 4 56) �7) �8 9:; <=>? ��
	 �;�@ A�. 

               (a)                         (b) 
Fig. 5 SEM image of the silicon trench filled with  
silicon dioxide (a) the view of the top, (b) the vertical  
view 

�B8 :C� �5� ���? DE�� ��
	 ��� �  FG F&H�. Fig. 5(a)
 �B8 
:C>? ��A ���  IJ� KLH�. ��, 
�M*NO, PQR�S T �;UV  �. Fig. 
5(b)
 �B8 IJ� �W>? XY Z[� KL
H�. .\)-& ]� �
��? T ^_` a
� b �  �.  

Fig.6(a)
 ��� ()� TUé* SEM po�
�. �)= �X<���! ���9 ���·� 
TU
 �� i���� �� ÍJ�·�. %& 
XYZ À�! åLZ^� Ä�9 TU
 à�¶ 
Í H ���·�.  Fig. 6(b)= �â~ ��� (
)�2 TU� ��
 � !
 SEM po��. /
/� "(Cell)� �bÅ <���PL Þ � ¡#
|� $%] " ��. �b ÓI� Ë<Ì ���
p�)� $%�¡�� ��. ��� Zò
 56T
U� }� �GÙ 600NPI(nozzle per inch)� �§�
! }� �= ()��.  

 
(a) 

(b) 
Fig.6 SEM images of the fabricated head (a) the Ni nozzle,  

(b) the head after removal of nozzle plate 
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4. ��� ��� �� 

��� ()� JM� ³¤�� Ä�9 ­ ()
! ��<�� ­&� �= >rGH �^'� �
·�. ��<��= (
) %&! Æi�·�. X
Y�º" ã¤
 ���� XY� ! *D�9 
�z XY�º"! +¤�·�. �z XY�º"
! +¤] ��= ,
 �º"�2éP XYZ[
2 %& >W� ¸�� ì-
 �� �I �º"
! .<= >?� p��·�. �º"L .�/� 
ª� %& >W� ¸�� �Ç� ì-
 � ¸�
�2 9: Õ� >WH Ç01� (2dorp XY) Ñ
�I 2 ¸�� ¸¹� 3~ �� (spear XY). �
:
 ¸¹� ÇÈÇ~ �I @�� �Ç ,
 �
ä� �º"! �z XY�º"H +¤�·�. 
Fig.7 
 �4 >?GH �º"»H XY�= %& 
>W� ¸¹� �95�.  

 

  
     (a)          (b)        (c)         (d) 
Fig. 7. Photograph images of the ejected droplet 

from the nozzle (a) at 3KHz, (b) at 6KHz, 
      (c) at 9KHz, (d) at 12KHz. 

 
�â~ +¤� �z XY�º"�2 XY� �
9 //� JM� ³¤�·�. ()� À�³¤
 
CCD ���! ���9 %& XY� !¡ �<Å 
Z¼� ³¤�9 äÎ�·�.  %& >W� é6
= �W� ���9 kÃ� ³¤
 � �! 7�
H Ç89�. kÃ
 " * �¢ XY 
 � �W
H ³¤�·� �! XY :"H Ç8¡ 
 ;� 
XY� z
 kÃGH äÎ�·�. � � XY� 
%&� åd� Ð� Ä�9 »�� �b ±�2 
³¤�·�. ³¤+t �z XY�º"= 12KHz
·� � �º"�2 À�= 12m/s, é6= 30.9pl
·�. Fig. 8
 //� �º"�2 ³¤� %& >
W� À�Å kÃ� ÇÈÉ�. 

 
Fig. 8 Frequency-speed-mass plots of the ejected droplet 

from the nozzle. 
   
Ë� D<§ Å Sp
 =>� $%�� Ä�
9 10 Õ� D?TU �ZXY� ËZ
 +t Fig. 
9 Å u� ¢¤� ¸¹� �·�. � � ()� 
Uniformity= 4% �±H ³¤�9�.  
ì, �� �º" 10KHz �2 "@ à��! � 
­ +t Table 1 t u� ��"@ 107 p���2 

A"@ 108 p��Ö�H ³¤�9�. ª�2 
­ "@ ËB +t= ��� ()L %& ��<
��2 %&! � p���  ()= ¤§`GH 
��
�= ð� �9�� ��. 

 
Figure 9. Image of simultaneously ejected ink drops. 
 
 Energy 

(uJ) 
���� 
(Cycle) 

���� 
(Cycle) 

1 1.7 1.0C108 9.0C107 
2 1.8 1.4C108 8.5C107 
3 4.2 6.2C107 4.4C107 

Table 1 Lifecycle of the head at the various driving  
      energy. 

5. � � 

  %&' NO��2 QRéDD NOP ()! 
ãä�� ���·�. ��� ()= q�� >r
� {wx ()�Ù MEMS ���	� ���9 
���·�. ­ ()= L§¯°! ¾¡ %& X
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YZ %&L \¦�= ð� Ð�Ý �·�. �:

 >?
 MEMS ! ��
 S�ãä�2 Ñ� 
S�
 >?��= e/�  � Ë� �! ��� 
`��9 �#�·�. ­ ()= SOI µ�¶! �
��9 _�ÍGH ���9�. JM³¤ +t 
600NPI � �§�! }= 56 TU� ()�2 �
zXY�º" 12KHz, %& XYÀ� 12m/s Å X
Y é6 30.9pl, Uniformity 4%±� JM� �9�
9�. ì ��"@ 107 p��, 
A"@ 108 p�
�� �9�9�. ì 10Õ� D?TU �ZXY�
2 ¢¤� XY¸¹� �9�9�.  ­ ®�� N
O� ()= s� q�� >r� ()! Õd�= 
E �¡2 E \]� ] " �G<� e/�  Ù, 
­ ()�2 `�� bc� ��
 L§¯° ãä
= Fluidics MEMS *+�2 FH× Ñ�,¡! �
�] " �G<� e/� á�. 
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