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-High etch rate

-Short process time 

-Profile control 
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-Severe undercut on 

the active layer 

 -Defined gas ratio 

SO2/O2

Bosch 

process

-Low under cut

-High selectivity 

-Lower etch rate 

- Scalloping

Reducing 

Scalloping 

-Better uniformity 

- Better profile

-Etching silicon with 

excellent anisotropy

( Stepwise profile 

formation 

 - Profile control 

- Add  Ar  gas 

-Reducing cycling 
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Profile control 
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TSV (Through Silicon Via)plasma etching technology for 3D IC
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���� integrated circuits ��� ( By Moore's Law) ��
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3D stacking $%� &�' �(# ��� ��	
 �) ��
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 *� + , �� -.� ��� �/% 0123 

45� . Interconnection � ��� �! 67-� -.� 

factor 8 �� . 9
 :5' �(# 3D IC! ;# TSV plasma 

etching � �<= 11� process � >,?@� �	 6#  <A 

BC DE Bosch process	 69 ��! -FG # 

2. �������

��� ��	
 TSV! plasma etching $% HI JK� �L 

M	 -.� 3N laser� O�� integrated circuits � ��% Via 

! PQ-�R #S	 T$U  device V	 W' Vias� PQ$% 

���X YI Z[ + , �\ ]^3 45� . _ -.� `

a# bc� de� �fF depth etch _# #Sg h3 45�

  (Drill < 20um). ij Laser% deep via I PQ-FG + k) 

Si Debris, Side wall bowing, poor accuracy! l�3 45� , 9


 plasma etching 	� deep silicon via process ( 60 to 400um) = 

CD ( 20~90um) �  m�� plasma etching 
� >@� 8 �� 

 n' Plasma etching "# TSV! �< -FG # . 

TSV bc	
 DRIE non-Bosch process = Bosch process 	 6

# 
%� >@� ?@I Fo-F pKF DE Bosch process 

� <A B�	 69 Fo -FG # . 
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��1) Bosch process � RAP (Rapid Alternating process)

��2) Bosch process - high selectivity, excellent profile

 Dept � Etch step� �q�X cycling processing$% rst

u  Scalloping ( Stepwise profile formation) vV� wx #  

�� �� �y bc	
 void 5/@$% .z{ , h� 

scalloping|�3 ;# B�$%  power, gas �  }�l  Dept

� Etch� process time� ~c$% Scalloping � PVI l�

  (p�3,4) 	
 = �� dept � etch �cMdept , etch 

process time� �� ]Y Scalloping� |� ���I  � , 

h   



�� 3) Scalloping reduced by decreasing dep /etch time 

ration
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�� 4) SW (scallop width), SH(Scallop Height) comparison 

as dept /etch time changing 

�� Bosch process� ����� Non-Bosch process �	 profile 

control 
 ��
 
� Bosch process ��� Dept � Etch step� 

���� processing� �� �
� ����� 
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!" �"�# Re-entrant profile �# void $%� &�
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 ()  Taper profile* +* � �
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 Ar gas4profile� 5�* 67� �8
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.Ar gas � mixing? number of reactions� 

@* A4 BC  DE�� Fluorine atom� density: A4BF


 (GH 5) I J
 Ar gas� increase�  bottom CD : K
� 

D�: LMN
. 
B O=, deposition rate of the 

passivation layer� A4: �6 �� passivation layer� 

removal rate� PQ: RST
. 
U? Ar gas �V� 

sidewall film� �� sputtering � W�4 bottom L
 XY �

� Z$

 G-[� sidewall� thickness control
 4\=


� � � �


�� 5) Re-entrant profile reduced by Ar gas effect (Bottom 

CD decreased)
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    TSV ��� �� ��� Bosch process � 	
� �� �
�  

�� �� ���� ��� �� �� � �� void ��� �� 

 !"# Scalloping $ %�� Taper profile$ &'()� (*

+ Profile control� �, Ar gas � -�$ ./01 ��Taper 

profile� &'$ 2� Dept � Etch 3��� pressure control45 

(Etch : low pressure , Dept: High pressure)�� 6 78  �
� 9

& :,0; Scalloping <� += 45 ( Gases ratio, temperature, 

Pressure)�� �� �� -�>$ ?� �+
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