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Effects of pH level and slurry particle size on the chemical mechanical
planarization of langasite crystal wafer
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Abstract Effects of pH level and slurry particle size on material removal rate and planarization of langasite single crystal
wafer have been examined. Higher material removal rate was obtained with lower pH level slurries while the planarization
was found to be determined by average particle size of colloidal silica slurries. Slurries containing 0.045 µm amorphous
silica particles showed the best polishing effect without any scratches on the surface. Effective particle number has a strong
effect on the surface planarization and the removal rate, so that the lower effective particle numbers produced low removal
rate but the better planarization results.
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� � Langasite ��� wafer� chemical mechanical planarization ���� pH level � slurry ��� ���� � �
���� ��� ��� �����. �� pH level ����� � �� ���� �� ��� ��� ����� colloidal
silica slurry� ����� �� ���� �����. 0.045 µm� ��� silica ��� ��� ���� ����� � �
�� 	� scratch ��� �� �
 �� ���� ��� � ���. ����� ����� effective particle number�
�� �� ���� ������, effective particle number� �� ����� ����� � �� ��� ������
����� � ��� ���� �����.

1. � �

�� ����� ��� ������� ���� �

�� �� ���� ��� ����� ��� ���

���� ��� ��� ����� ��� ��� ��

� �� ����� � ��� ���� �� ��� �

� � ����� ������� �� ���� ��.

��, ������(TV, ��, 	� �)��� ��
 	

�� � �� �������� ���� � �� ��

����� 	� �� pass band width� �����

�� ��� ���� 	�� ���� ������ �

��� �� ��������� ��� ��	 ���

����� �� �� 
�� ���� ��[1, 2].

��� ���(wide band) �����(surface acoustic

wave, SAW) �� ���� quartz, lithium tantalate

(LiTaO3), lithium niobate(LiNbO3) [3-6] ���
 ��

� ���, � � quartz� �� ����� ����

��. ��� quartz� �� ����� �� �� ��

������� ��� ��� �� �� ���� ��

���� 	�� �� ��� unit � transformer �


���� ��� ��� ��� �� ��	 ��� �


��(discrete type) SAW filter ��� ���� ��
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��
 �� �� ��� ��� ���, ��� ��

	� �� ���� ��� ��� ��. �� ���

quartz, LT ��� LN �� ��� ��� SAW filter

� �� �� � ��� ���� ����� ����

���� �
�� �� ��� ����� ���� �


���[6-8]. ��� �� SAW filter ��� ����

���� �� ��� � �� ��� ��(> 1 GHz)

� �� ���� � ��� ����� � �� ���

�(baud rate)� �� ����� ��� ��� ���

� ��� �� ��� ��� ��.

La3Ga5SiO14(LGS), La3Ta0.5Ga5.4Al0.1O14(LTGA), La2.9

Ba0.1Ta0.55Ga5.45O14(LBTG)� ���� Langasite ��

����� �� quartz� LiTaO3 ��� �
 ���

����
 ��� ��� ��� quartz filter� �� 3

� ��� � � pass band ��
 ���� ��� �

�
 ���. ��, quartz� �� ����� ��� �

�� ���� ���� 	� ��� � ��� �� �

��� ��� �� ���
 �� ��� �����

��� ���� ��� ��
 �� ���, �� ��

� ��� SAW filter �� � �� ��� �� 
�

� ��� ���� ��[7, 8].

Langasite ��� ��� ��� ��� SAW filter

�� � ��� �� ��
 ���� 	��� �� �

�� ����� parallelism
 �� ��� wafer� �

��� 	� �� �
�� �� SAW filter �� ��

�� � ���� blank� �� � ����� ���

��
 	��� �� �
� 
��� ����. ��

�� ��� blank �� ��� �� ��� chemical

mechanical planarization ��
 ���� �����

��[9-13].

� 
���� �� � ��� ��� ����� �

� ���� �� �� �� ��
 �� �� LGS,

LTGA, LBTG � 3
� langasite �� ��� wafer�

“surface finish”� 	� chemical mechanical planarization

(CMP) ��
 ������ ��, slurry� pH level,

�� � slurry ��� ����(material removal rate)

� ����� ��� ��
 �����.

2. �� ��

� 
���� Czochralski��� c-� ���� �

�� La3Ga5SiO14(LGS), La3Ta0.5Ga5.4Al0.1O14(LTGA),

La2.9Ba0.1Ta0.55Ga5.45O14(LBTG) ��� wafer� ����

�. 3
� ��� wafer�
 ��� ��(20�20 mm2)

� ��� � SiC 
��(#2000, #4000, #6000)�

diamond suspension(3 µm, 1 µm, 0.25 µm)
 ����

�� 
� ��
 ���. CMP �� � ���� � �

��� ��
 ���� �� 	�� �� 
�� wafer

� patterning ���. �� rf/dc magnetron sputtering�

�� ~1000� ��� SiO2 mask�
 wafer �� ��

���, � 	� spin coater� ���� photoresist �


 �����. � �� ��� wafer� UV�� ���

� 1� pattern
 �����, HF : 10H2O �

 ��

�� SiO2 mask�
 ��� � HCl : 10H2O �

 �

�� wet etching�� ��� wafer� ���
 step


�� trench �
 �����. Pattern
 ��� wafer

�� 8" wheel size� Struers�� polishing station

(RotoPol-25 & RotoForce-4, Rohm & Hass� Suba600

pad)
 ���� CMP �����. CMP ��
 	��

�� 0.045, 0.07, 0.25 µm� �	��
 �� colloidal

silica slurry� de-ionized(DI) water� ���� ���

���, CH3COOH� NH4OH� �� ���� pH level


 �����. ��, ���� � 
�� load� ��

80 rpm� 4 lbs� �����. CMP �� ��� trench

profile
 Alpha step profilometry� ���� ��	�

�� ����� ����� ������, �����,

atomic force microscopy� ���� slurry � silica

particle� ��� wafer ����
 �����.

3. �� � ��

Fig. 1� 0.045 µm� ��� �� colloidal silica

slurry� pH level� �� LGS, LTGA, LBTG wafer�

� CMP ����(material removal rate) ��� ��

���. Fig. 1�� ��� CMP ����� ���

LGS, LTGA, LBTG � wafer 
�� �� ��� ��

Fig. 1. Material removal rates of LGS, LTGA and LBTG crys-
tal wafers CMP-processed with 0.045 µm colloidal silica slurry

as a function of pH level of slurries.
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��� ���� 	�� �� �� 1� ��	 ���

(selectivity)� �
 � ���. �� � 
�� ���

wafer�� �� ��� ��� � ��� ��(trigonal

structure, Moh’s hardness ~6)
 �� ����� ��

� � ���
 ��� 
�� ���� 	� �� �


� ���� ����. ��, � 
�� wafer �� pH

level� �� 3.5, 13
 ��
 ����� CMP ���

�� �� 180~200 nm/min 		 �� ���� ���


 ��� � ���. ��� ��� ��� � 
��

� ��� ������ CMP ����� ���� �

� colloidal silica slurry� pH level� �� ��
 


� 	�
 �
���. ��� ��� Nelsen �� ��

��� 
� ��[14]� ���� 	���, ���

CMP ����� �� � slurry� pH level� �� �

��� 	�� ��
 ��� � ��.

Fig. 2� 0.045 µm� ��� �� colloidal silica

slurry� pH level
 ��� �� ��� �� ��� �

�� ��
��. Slurry� pH level ���� silica

particle 
� 2� ����� ���� �� slurry �

particle size ��� ���� higher value ����

shift ���
 
 � ��. � �� ���	 	� ��

�� slurry� pH level �� ���� slurry particle

�� ��� ��� ��� ��� ���� 	���

����. ��� ��� Fig. 1�� ��� ��� �

� 

� 
��
 �� 	�� ���� pH level �

��� CMP ����� pH level� ���
 ��



� 	� ��� 		 �� ���� �� 	� ��

slurry �� ���� silica particle� ����� ��

� � ��� �� ��� ���� �
 	�� ��

��.

�� �� silica particle �	��
 �� colloidal

silica slurry� ���� LGS wafer� ��� ����

��� CMP ��� � ��� ���� profile
 Fig. 3

� �����. CMP ����� Alpha step profilometry

� ���� wafer� ������ �� 0.2 cm 
��

� ����� ��� trench�� ��� ��� CMP

�� � � �� � ��� ��� ���� ����.

� �� �	��
 ��� colloidal silica slurry� �

���
 � � �� CMP ���� �� ��� � 	

�� ����(planarizaion effect)� ��� � ��


�
���. 0.045 µm� �	��
 �� colloidal silica

slurry� ����
 � �� ~450 nm/min� CMP ��

��� �
 � ��� wafer ���� ��� trench�

��� �� ��� ��� ��� ��� 0.07, 0.25

µm colloidal silica slurry� �	��� ���� CMP

����� ��	� �� wafer ������ ����

����� ���� ��
 �����. ��� ��

� slurry � silica particle�� �	��� �����

wafer ����� ��� ����� LGS wafer ���

pad ���� chemical reaction� mechanical removal


� 	�
 ���� 	� ���� wafer ���� �

�� ����� ��� � �� ��
 	�� ��

��.

Fig. 4� 0.07 µm colloidal silica slurry�� CMP �

��
� �� LGS wafer� CMP ���� ��� �

��� ��
��. CMP ������ 30�� ���

���� ���
� ��	� �� ����� ���

���� 30� ����� � 40 nm/min ��� ���

�
 ���� ��
 
 � ���, �� CMP ���


� ��	� �� 
��	 force� �� pad� ��

�
 ��� ��� CMP ����� ���� ��


	�� �
�[15-17]. ��� ���
 CMP ��
 	

��� ���

 30� ��� ���� 	� �
	

Fig. 2. Particle size distribution profile of 0.045 µm colloidal
silica slurries after pH level adjustments.

Fig. 3. Material removal rate of LGS wafers as a function of
average particle size of colloidal silica slurries.
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 �
���.

�� 0.045, 0.07, 0.25 µm� �	��
 �� colloidal

silica slurry� ���� CMP ��� LGS wafer� �

���
 AFM ��� ���(���� 10�10 µm2)

Fig. 5� �����. CMP �� � �����
 ��

�� wafer ���� scratch �� �� ��
 ���

��� �������� ���� 	� ������

AFM surface scan ������� ��� �� scratch

� ��	
 
 � ���. Silica particle� �	���

��	� �� LGS wafer ��� ����� �� �

� scratch� �� ���� ��
 �����.

Fig. 6� ��� colloidal silica slurry �� 	��

0.045 µm silica particle�� ��� �� ����

effective particle number� �� CMP ���� profile

����. �	�� �� �� �� effective particle

number(EPN)� 10 % ��� � EPN �� �����

� �� CMP ����� �
 � ��� �����

	��� �� ����, effective particle number�

5 % ��
 ����� � ���� ���� ��


���. ��� effective particle number� 1.3 ��

2.5 %� � �� ��� ���� ��� �
 � ��

�� CMP ����� ���� � ��� ���� 	

��. ��� ��� ��� ����� CMP ����

� effective particle number� �� �� ���
 �

��, effective particle number� �� CMP ����

� ���� 
� trade-off ��� ��	
 �
���.

4. � �

�� 0.045, 0.07, 0.25 µm� �	 ��
 �� colloidal

silica slurry� ���� La3Ga5SiO14(LGS), La3Ta0.5

Ga5.4Al0.1O14(LTGA), La2.9Ba0.1Ta0.55Ga5.45O14(LBTG) �

�� wafer� chemical mechanical planarization(CMP)

��
 ������ slurry� pH level, �� � slurry

��� ����(material removal rate)� �����

��� ��
 �����. � 
��� ��� ���

��� LGS, LTGA, LBTG � wafer 
�� �� CMP

����� ��� ��� �� ��� ���� 	��

� CMP ����� colloidal silica slurry� pH level

� �� ��
 
� 	�
 �
���. � �� �	

��
 ��� colloidal silica slurry� ����
 �

� �� CMP ���� �� ��� � 	�� ���

Fig. 4. Material removal rate of LGS wafer CMP-processed
with 0.07 µm colloidal silica slurries a function of polishing

time.

Fig. 5. AFM surface scans of LGS wafers CMP-processed
with 0.045, 0.07 and 0.25 µm colloidal silica slurries.

Fig. 6. Material removal rate of LGS wafers as a function of
particle concentration in 0.045 µm colloidal silica slurries.
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�(planarizaion effect)� ��� � ���. �� CMP

����� ����� silica particle ��� �� ��

�� effective particle number� �� �� ���


��
 �����.

��� �

� 
�� 2004�� �	���� ���� ����

� ����� �� ������(R05-2004-000-10952-

0) �� ���
��.
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