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�Z1%,º5�5N+k	Á��
��§ W-â�7�Í�¦�Ü�Ç.J0¬Q�73�~B9�l/ @�B91Í

#��¸�N	L8å(},º�Ô-�B%�$�=M”4õ�]�Ü�=��� "
1•�©Kd�¶�e�=�=�Ç

.J0¬8å(},º�„$_%8�¶�e�%̧�Cé8å(}
^�æ73$Æ"³Eœ+k�†�Ê+^
p�¥,º

�ÔL{M6"x�> 

69�n�=�=�Æ.J�l�0�6!tQ�2ô�Ü+k#w�V�U8å(}� �̧¬
^�æ73$Æ"³

Eœ+k�†N¼��/p99�Ê+^�>8å(}�n�ù�=�=	;�" �ÆQ��„	Á�Z1%,º5�5N+k

	Á≥7000 Vpk�Ç�§ W-â�7�Í�¦�Ü�´CMTI�µ≥100 kV/s�Ç�Ô-�B%�$

≤0.3%�ÇM”4õ�]�Ü ≤0.03%�Ç���’$_�Ü�p- 40 °C~125 °C�>N¯-$�•>‚

�U�»�¸�Ô)æ�Ý
÷ K6�d�l�› 3000�=�y���@�Ç+iB-�L�¾�y
��D�I�_

�C�G�Ä 3 �,�¸
�>žQ�"j�©Að�½�C�G�Ä 2 1ý�> 

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý500�=�y� �̧J�CC»EýN¯-$.J
��q�Ë�›

,º 20%�> 

 

2�=�°73+k73A×H� SoC8å(} ,º.J
�  

.J0¬�»�ï�Æ J¾�/�°73+k>ž�°73+k73A×H�8å(},ºM6"x� .̧J
��°

73+k73A×H�(}�@315��´System on Chip, SoC) 8å(}�>.J0¬�»�ï�q

?·	;�"�Æ.J0¬�?�Õ+k73�=���Õ+k73�=?ü
^+k73�=�Õ)½
��¦,ºA×H�


Â�W!™�¶�e��
��Ô�,�,JÕ�´Real -Time Clock�¸ RTC�µ,º$_�Ü>›�µ

�¶�e�Ç.J
�+k73A×H��=�\$_>›,ºRTC �=#è�¬�t/p�´ Liquid Crystal 
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Display�¸ LCD�µP§�Þ�ž1• W
•�Ç.J0¬�0�ÄRISC -V�=��Lü�ì�º�L

ARM Cortex-M0,º32�ƒMCU �´ Micro Control Unit�µ
��0.vE¥�,�Õ

73�É
ÂB9B��=�6
����­�Ç.J
�Lü�F+k73A×H��= RTC�=LCDP§�Þ�ž

1• W
•,º�°73(}�@315��´ SoC�µ8å(}�¸�Â�FSoC #w(}�Ç�6
�+k73

A×H�SoC,º�7>û��8°�¸�Ô)æ+k73A×H�SoC 8å(}?ú W	L�Ê+^�>  

69�n�=�=�Æ.J�l�0�6!t�°73+k>ž+k73A×H� SoC� �̧­�?�Â�ª,º

E¥.¢�, IP�¸E¥�,�É
Â�6
�)å�¹�> 8å(}�n�ù�=�=	;�" �Æ
^ 8000:1

�Þ�799
*�»�¸�ž#��=�0#��?�Õ+k73A×H��¸M”4õ�]B%�$<0.1% �¸%�

Cé0.5S
Â 0.2S4Ý�?�Õ+k73>ž2ô�Ü?·"x�Ç�0#����Õ+k73A×H��¸M”

4õ�]B%�$<0.1% �ÇRTC 
^ -30 °C~80 °C �»0�7?�èB%�$<±5 ppm�¸

�\�?8 �Þ$_�Ü>›�µ
Â�¦�•B9�W�Õ73�¸�6Q�B9�W2ô�Ü ±0.03 ppm�Ç

CPU
^ 32 kHz �A�Õ6M<18 μA�¸ Sleep W�E�A�Õ6M<8 μA�> N¯-$�•

>‚�U�»�¸ �Ô)æ�Ý
÷K6�d�l�› 3000�=�y���@�Ç+iB-�L�¾�y�I�_�C

�G�Ä 6 �,�¸ 9í�Í E¥�,:•�’�y�C�G�Ä 4 �,� 
̧�>žQ�"j�©Að�½�C�G�Ä

4 1ý�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý500�=�y� �̧J�CC»EýN¯-$.J
��q�Ë�›

,º 20%�> 
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�´ MUX/DEMUX �µ8å(} ,º.J
�  

.J0¬�»�ï�Æ J¾�/�¦�¤�c�ù�= 5G �Ê+^�•8å(}
^�•6M�=�\�ó�=�\�»

#��Þ�=FPF‰�h�¦�=��8°�68*�]1•�ïM˜,º�]73+,N¾� .̧J
��PFPF‰6\


 > L ü 4 Ü400G/800G/1.6T L k � M # � � 2 � • � ; (Arrayed Waveguide 

Grating, AWG)#��<�C+^/@��C+^�ž�´MUX/DEMUX �µ8å(}�>.J0¬

�»�ï�q?·	;�"�Æ�6�‹ 8 9'�..{�0"d	L.{/"d"]	L.{,º#��<�C+^/@�

�C+^�ž�´ MUX/DEMUX �µ 8å(}��8°.J0¬�¸�6
�%�Cé�C
BM6"x�Ê

+^�A,º8å(}AôA×
Â�=�ü��8° W
•�Ç.J0¬.{�0"d	L.{/ "d"]	L.{;º

7Ò+UKµ��8°� �̧®3X;º7Ò�Ê�Ñ�D��8°	ø�¦�•L*,º�©31�Ç.J0¬"d	L.{

/"d"]	L.{�†�Ï,º�q<¶�ï#�� �̧6
�4é2©4Ý�Ý�÷2Í3��Ü,º�q<¶��8°�Ç

FPEý�N	L��8°AôA×�¸�Ô)æ"d	L.{/ "d"]	L.{#��2,º�„�•6M�VEÉ�Ç

.J�l.{�0"d	L.{/ "d"]	L.{#��2�D	‹ W�•4Ú,º W�Ç	oGƒ�¶�e�¸��

�G6\
>�•6M�Ç.J0¬-.�ƒB%�$�È>›�µ�¶�e� Ļƒ�„�ž�,-.�ƒB%�$�Ç.J

0¬MUX/DEMUX ,º-.�ƒ
��p�Ü� �&,º-*�Û�ö#•�¶�e�Ç.J�lF8+^

�Ä�¦�¤�c�ù
Â 5G �ƒ�V,º MUX/DEMUX 8å(}�¸�¬�Ô)æ?ú W	L�Ê

+^�>  

69�n�=�=�Æ�0�F 89'�."d	L.{/"d"]	L.{MUX/DEMUX8å(}�c

B�4õ� �̧Ô)æ�ª�Ý100�=NÍ8å(},º�¯H�+U�Ý�> MUX/DEMUX 8å(}�n

�ù�=�=	;�" �Æ�´ 1�µ400G/800G/1.6T�• W
•+^LAN- WDM@��C+^�ž

8å(}� #̧��2�VEÉ�•6M≤ 0.01  dB/cm� �̧��›�•6M�È1.2  dB, �…�e-.�©
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�•6M�È0.5 dB�¸�\�ó�Ê2.8  nm�´4.5nm#�KµL*LÊ�µ�¸-.FñFPF‰LÊ/ñ

�Ü�Ê25 dB
ÂM”-.FñFPF‰LÊ/ñ�Ü�Ê30 dB�Ç�´ 2�µ5G�ƒ�V+^6/12FPF‰

CWDM#��<�C+^�D@��C+^�ž8å(}�¸#��2�VEÉ�•6M ≤ 0.01 dB/cm�¸

#�KµL*LÊ20 nm� �̧��›�•6M�È2.5  dB, �…�e-.�©�•6M�È0.25 dB�̧�\

�ó�Ê13 nm�¸-.FñFPF‰LÊ/ñ�Ü�Ê25 dB
ÂM”-.FñFPF‰LÊ/ñ�Ü�Ê30 

dB�> N¯-$�•>‚�U�» �¸ �Ô)æ�Ý
÷K6�d�l�›3000 �=�y���@�Ç +iB-�L

�¾�y
��D�I�_�C �G�Ä3�,�¸
�>žQ�"j�©Að�½�C�G�Ä3 1ý�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý500�=�y�¸�J�CC»EýN¯-$.J
��q�Ë�›

,º20% �> 

 

4�=M˜
G 5G �Ê+^,ºQ��]73�‰�&#�%�#��ž ,º.J
�  

.J0¬�»�ï�Æ J¾�/5G�P W4þ1%Aô�=�vM6,º�:NÇ�&%�#��ž,ºM6

"x�¸.J
�Q��]73�‰�&#��´Bulk Acoustic Wave�¸BAW �µ%�#��ž�>

.J0¬�»�ï�q?·	; �"�Æ.J
�
0�‰�¿>ûBF�e�ž�´Solidly Mounted 

Resonator�¸ SMR�µ
Â�9�ÿ�r
��:�x,ºAôA×�¶�e�¸�Ô)æ�‰�&#�%�

#��ž,º�„���›�•6M
ÂQ�LÊ/ñ�Ü�Ç�6
�SMR -BAW%�#��ž,º�ž�•��

8°�̧�Ô)æ SMR-BAW%�#��ž,º�lFV�Ç.J
�;º7Ò�&�œ�7>û�´Thin -Film 

Acoustic Packaging�¸TFAP�µ�¬
<4Ý�7>û�¶�e�¸�Ô)æC»�E
Á%�#�

�ž,º�¬
<4Ý�7>û�Ç.J
�N78 NÇ!ë,ºSMR-BAW�¸ �¬�Ô)æ?ú W	L�Ê
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+^�>  

69�n�=�=�Æ�0�F�6�—
%H��Ý,º�I�P	L 6/89'�.SMR -BAW%�#�

�ž��8°+U�Ý4õ� �̧Ô)æ5G �Ê+^SMR-BAW%�#��žH��Ý �>SMR-BAW

%�#��ž�n�ù�=�= 	;�"�ÆNÇ)½?¼-�99
*N78 NÇ!ë�́ 3400~3500 MHz�µ�̧

�\�ó100 MHz�¸���•<2.2  dB�¸+k	ÁP±#�"
�´VSWR �µ<2.0 dB�¸

�\�L�Ç�l >40 dB�¸�6�]�©
}EÉ�›�Õ)½>5  W�¸
%�e�7���’$_�Ü99


*- 4 °C~85 °C�>N¯-$�•>‚�U�»�¸ �Ô)æ�Ý
÷K6�d�l�›2000�=�y���@�Ç

+iB-�L�¾�y
��D�I�_�C�G�Ä3 �,�¸
�>žQ�"j�©Að�½�C�G�Ä2 1ý�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý500�=�y�¸�J�CC»EýN¯-$.J
��q�Ë�›

,º20% �> 

 

�c�7�d�ø�@�•�”�ê�±�Y�»�•�ù  

5�=M˜
G
D�Ÿ�J�,��,º�Â5*	€�2�‰8å(}�ƒ"õ�¶�e.J0¬  

.J0¬�»�ï�Æ J¾�/
D�Ÿ�J�,��Lü�F8å(},ºQ�FU)½�=�„�Õ6M�=�I

Lü�F1•
��‹M6"x� .̧J0¬�Â5*	€�2�‰�†�Ï1•�æ
Á�Õ73�†�Ï� 
̧��‹�­

�? CMOS ��8°�²�ï�],º.{�0�8C^�8�ºLü�F�ï#�
Â�†�Ï�‰31�Ç.J

0¬�æNÌ�Â5*
p�~�Ê�¬�‰1×�´ Two Dimension Field-Effect Transistor, 

2D-FET�µ�ž�,	Õ*<�=5	�º�D�Õ73�¸���0�ž�,�0 W�5-U�¶�e�Ç.J
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0¬�­�?�Ž1Í�6�‰�æ�Õ73,º+kD%5	�º�DLü�F1Œ+›�¸��
��æ�ž�,- +k

D%-�ì�º	…
B�N	L�ï#��¸�01�315��°73AôA×�ï#�/�8C^�8�ºLü�F8å

(}�¸�Ø�10·.j�V5��ì�º73�~+,N¾�æD%�º�>   

69�n�=�=�Æ�01��Â5*�æNÌ
p�~�Ê�¬�‰1×�´ Two Dimension 

Field-Effect Transistor, 2D-FET�µ�l�=��8°��̧l�="ÕF‰�E�Ä 100 nm

,º 2D-FeFET�ž�,�ÆFqEÇ�7���7�,L*�Ê10 5 s�¸FqEÇ�7E¢�˜B9�Ý+k

	Á7?�è�È10 ns�¸���’+k	Á �È2 V�¸	‹!W�Ï�›�Õ6M�È10  fJ�¸FqEÇ�7

+k#w	p�<"
�r�Ê10 4�Ç9í�Í 2D-FeFET �ž�,+k�œ�]733]�� W
Á�¸

��
��0�Ä 2D-FeFET�ž�,,ºFqEÇ52
>�D�V�:8 �Þ	L�=�°73	LAôA×

�ï#�
� EDA E¥�,�Ç
^-*�º 6-89'�..{�0�¬
<�l�= 16 kb 2D-FeFET

Lk�M�¬PÂA÷�Ž1Í�6�‰�Õ73�>N¯-$�•>‚�U�»�¸ +iB-�L�¾�y
��D�I�_

�C�G�Ä 3 �,�¸ 9í�Í E¥�,:•�’�y�C�G�Ä 2 �,� 
̧�>ž SCIAð�½�C�G�Ä

8 1ý�>  

�?�©B*�D�ÆQ��WL˜�v�=�7�Á�P	‹�ƒ
}
%(«�j+i�Û� ÇX�u>›�ß

�CC»Eý100�=�y��̧¸�7�P(«�j��̧O�CC»EýN¯-$.J
��q�Ë�›,º 30%�> 

 

�bN¼��N¯-$+i�Û�=	•5L�l�I�ì4ú
C	‹�Æ  

�EK,"j  �·#��]�œ�•�¾  

Jç/�    �c0�L˜�·#��†�Ï�v.J0¬
Ž 
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�Í#3�‡  �·#�5Ú8å�ä+k�†6×�3�?L†�¢
..J
��q-�  

L~�°�ý  �·#�Eô�æ	€�2�‰�?L†�¢
.�•�¾  

$_"•#Ñ  �·#��8�R�ï*<��Q�1•.J0¬L˜�•�¾   
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�7o•�•	×�—�]�	�m�À�—�”�¾  

�c%•�d�C���4�»�?�ß�µ�ê�±�Y�»�•�ù  

1o•�Ñ�ž4ì�m�À�¶�jo•�—�]�é	��F �B�¾�§�•6&���à� �ˆ���é

�€�Ð  

.J0¬�»�ï�Æ J¾�/7G	ˆ�cNºLh�c�/
%�Ô�,-��Ý
Â�<�Æ�ù+k�=
²


n
�F��Þ�5�71•F��Þ+U*<	ø�¦,º�°73�C>û,ºF!�=M6"x�.̧J
��0Q�

+k�2�=�p
��C,º�o�]�2+k�†�Ï
�+k�· /�24õ�¸�º�0Q��o�]�=�Í�¨

�¦,º�o�]�…�U�†�Ï�D�V�U�ž�>.J0¬�»�ï�q?·	;�"�Æ AôA×�0�Ä�V�U

�ž,º���¥�V�U- �Ž�Þ -F�1Í�Õ73�6�‰	LLü�F�ï�~�¸�6�‹�o�]�2+k�†

�Ï�=�o�]�…�U�†�Ï,º�ð�‰+U(Ÿ�²�ï�].J0¬� �̧6
�
%Kµ�U�=F�5#-�

#•
Â�:*<�P+U*<	ø�¦,º�°73�C>û�
̧^�°�•�±67N¼��F�>‚�Ê+^/p99�¸

�p�75#-�#•�<�ÆQ�	§�ð5Ú,º�ù+k�=
²
n
ÂF��Þ�5�71•�¦�¤���ÑH�

?·,º�¶�e�e�Ç� A̧ß�Ù6;�Í�f�*�!FU�?�~,º"ñ+Í� �̧��G
�	ˆ�c�v8*

!Á+ô
�+U�>  

69�n�=�=�Æ�o�]+k�·�Æ+k�2)½ ≥1000 S/cm�¸�ÿ�n 100%�L�£

E¢360°�,+kLq
�	L <10%�¸
��C)½ >90%�Ç�9�0�o�]	Á�Ñ�V�U�ž�Æ

	Á�Ñ�<EÞ)½<0.5 N�¸100% �ÿ�n�Ê
�+kEÉ�0
�	L<10% �Ç�U�Ž1Í�6

�‰	L�Õ73�Æ	‹�y�Ž�Þ�7�¦-$≥8 �ƒ� �̧­�?�9�JFqEÇ�=
��OF�1Í
Â�,

�Å(¯�·��
�1•�Õ73�Ç�9�0�o�]�ÿ�n�Ê
��V�U�ž�Æ�ÿ�n99
*>100% �¸
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�<EÞ)½<0.05%�¸�ÿ�n+è�é >100�=!W�Ç-.�©�V�U�ž�Ê+^�Ä�°730µ

�jAô�=��̧Ô)æ�/�ð�‰�ù+k�=
²
n
ÂF��Þ�5�71•,º2ô�ü-�#•
Â�:*<�¸

FPEý1b�?�ï�ð�‰+U(Ÿ-.�ï�]Aú�f�> N¯-$�•>‚�U�»�¸ �Ô)æK6�d�l�›

2000�=�y���@�Ç +iB-�L�¾�y
��D�I�_�C�G�Ä5 �,�¸ PCT�I�_�C�G

�Ä2�,�¸9í�Í E¥�,:•�’�y�C�G�Ä3 �,�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý300�=�y�¸�J�CC»EýN¯-$.J
��q�Ë�›

,º20% �> 

2�=Q��]73.÷�…�†�Ï
��¬Q�
%M–�].÷FPL��V�U�ž�©Kd�¶�e.J

0¬ 

.J0¬�»�ï�Æ M˜
G+k�Þ"³Eœ�=�Þ73�=-*#w�{+k�Ÿ1•�æ73$ÆN¼��

�/.÷FPL��V�U�ž,ºF!�=M6"x��̧6�‹Q�
%M–�].÷FPL��V�U�ž
3�Ý	L

,º�©Kd�¶�e.J
��> .J0¬�»�ï�q?· 	;�"�Æ�6�‹Q��]73.÷�…�†�Ï�l�=

>û5¤.J
�� �̧Ô)æ�†�Ï5	�º
Â�]73,º2ô4üB9�Ý�Ç�6�‹�„O§
Â.÷�U�Ê

�p�Ü�=Q�.÷�2)½�=Q�.��˜"
,º.÷�…�†�Ï.J�l� �̧?�~Lƒ�„�p�æ�Ê�Ñ

�/.÷�]73,º�§���Ç�6�‹Q�
%M–�].÷FPL��V�U�ž.J�l� �̧�	}���’$_

�Ü99
*�=Kµ�U0i�Ð
%M–�]
��¯H�2ô�Ü� %̧�Cé.÷FPL��V�U�ž
^�ÔL{

�Ê+^
p�¥�¸+k�Þ"³Eœ'#1×*<315�+k#w-�#•,º�Ê+^M6"x�>  



11 

69�n�=�=�Æ9í�Í�­�?�„ Bs�´0.6 T �µ�=Q�.÷�2)½�´�S��.÷�2)½

�]�Ä 100000�µ�=�„,º.!N³�Ñ�´0.5 A/m�µ
�Q�.��˜"
�´�]�Ä 85%�µ

,º.÷�…�†�Ï� Ļƒ�„.÷�]73�/�Ä�p�æ�Ê�Ñ�’+^,º�…�U�Ü�Ç�6
��6!t

�­�?8 �q.�Aü�Ý�y,ºQ�
%M–�].÷FPL��V�U�ž�+̧k#w#•H�99
* ±700 

A�¸���’$_�Ü99
* -40℃�
125℃ �¸Kµ�U0i�Ð
%M–�]�ÖFU#•B��C�E

�Ä 20 �ª� �̧¯H�2ô�Ü�C�„�Ä 0.2%�>N¯-$�•>‚�U�» �¸ �Ô)æK6�d�l�›

3000 �=�y���@�Ç+iB-�L�¾�y�I�_�C�G�Ä 3 �,�¸�¬�c
��D�I�_�C

�G�Ä 1 �,�>    

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý300�=�y� �̧J�CC»EýN¯-$.J
��q�Ë�›

,º 20%�> 

3�=�°73"³Eœ�Ý�;315� ,º �©Kd�¶�e.J0¬  

.J0¬�»�ï�ÆJ¾�/"³Eœ�°73�Ý8g�/�Ý�;8HF8�]
Â�°73	L,ºM6"x�¸

AôA×�P4Ý�C
>5	�º�¸�0�Ä�Ô)æ	Á�ÑLk�M�V�U�ž WH��P�å�ÜB9�Ý�¸

�Ô)æ�²�ï�óH�0A
ÂQ�2ô�Ü,º�²�ï�Ç�6
��æ
ÁQ� k +k��C^
��C
>��

8°� Ļƒ�„	Á�ÑLk�M�V�U�ž,ºF�%�
Â>K
��Ç�6
�C»Q�NÇ�¦�¤GýLü+k

D%� 5̧	
>/”5�5‡5�1Í#�� �̧�Q��o�]	Á�ÑLk�M�V�U�ž,ºKµ�U�µ+^0i

�Ð�]�ÇAôA×�°73"³Eœ�Ý�;315��ï�~� �̧01��ð�‰���œ�¦�¤�É
Â�ð��

�°731Í#�� �̧�Q��C
BP´�Ž�ð
ŽQ��²�ï�]�Ç�6
��o�]	Á�ÑLk�M�V�U
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�ž,º�=�Ð�=�ö#•
Â�7>û�l�=1•�©KdAô�=� �̧žAú�f�V�U�ž,º�ü.¤�]


Â
%M–�]�ÇFPEý�?Q��´Q�$_�=Q�	Õ�=Q����µ6F�{B�PÂ
Â�ªEœ6F�{

B�PÂ
�P´�Ž�ð
Ž�q?øAú�-��̧/�Ý�;315�,º6F�{�]
Â8HF8�]F�>‚PÂ

A÷�Ç�6
�PÂA÷+U�Ý��8°�¸�Â�F�c�0�cB��Ý4õ�¸�Ô)æ�¯H�	L+U�Ý�>  

69�n�=�=�Æ9í�Í�6!t�]H�0A
ÂQ�2ô�Ü	Á�ÑLk�M�V�U�ž�  ̧WH�

�È100 MPa�¸�ö#•99
*≥50 kPa �¸�ö#•2ô�Ü <10%�¸�U�Ê	‹�yM˜0%

≤20mm×20mm�¸�6
��0�o�]	Á�ÑLk�M�V�U�ž,º�=�Ð�=�ö#•
Â�7

>û�l�=1•�©KdAô�=�¸ �0�F �ª�Ý73 ≥10000 �•,º�cB�4õ�Ç9í�Í�6!t

�°73"³Eœ�Ý�;315�� 
̧%�o�¤�ð�‰
†�5�°73B98¸�Ý�;�ƒ5¤�=M–7�@�

�Ü1•�ÇFPEýQ�$_�Æ���»�6Q�)å�¹$_�Ü ≥30 ℃�=�,L*≥10 �_�=H�0A

≥0.3 �=�¢H��¸Q����Æ���»�6�„)å�¹$_�Ü≤ -20 ℃�=�,L* ≥10 �_�=H�

0A≥0.2 �=�¢H�6F�{B�PÂ
Â�ªEœ6F�{B�PÂ�´H�0A≥1 �=�¢H��µ
�P´

�Ž�ð
Ž�q?øAú�-�/�Ý�;315�,º6F�{�]
Â8HF8�]F�>‚PÂA÷�ÇN¯-$�•

>‚�U�»�¸ �Ô)æK6�d�l�› 2000�=�y���@�Ç+iB-�L�¾�y�I�_�C�G�Ä

10 �,�¸�¬�c
��D�I�_�C�G�Ä 5 �,�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý500�=�y� �̧J�CC»EýN¯-$.J
��q�Ë�›

,º 20%�> 
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4�= �æ�6���ð���°731×�Ý�©
&�©Kd�¶�e.J
�  

.J0¬�»�ï�ÆJ¾�/
:0��C�x)å�¹�AEï5NA×1Í�¦�¤�c�ù���ð�r�¾

(ì�7�A,ºQ�8 �q�=Q��¿�ž�=Q�
%�Ý?·"x�¸ .J
� W
•	LEï5NA×1Í�¦

�¤�c�ù�°731×�Ý�©
&�Ç.J0¬ W
•	LEï5NA×1Í�¦�¤�c�ù)å�¹�P�V�U

�ž�P	øH��P$Æ�8�º�¦�¤�°73=Ã
>
��]�¦�¤�<�Æ�ï#��Ç.J0¬�0�Ä�¦

�¤�c�ù�PAô�=�PF�>‚	ø�¦,º
%M–�]��LÒ$'�Ü�œ�– W
Á
�Aã4ù�ï

#��¸�6
��0�Ä�ð���°73,º�¦�¤�c�ù
%M–�]��LÒ�é1Œ�=�Ý�l315��Ç

.J0¬�0�Ä$'�Ü�œ�–,º�ð�‰>‚�pAü�a�=(Ÿ�‰F��ÞEžF/CÁ�õAü�a�¶�e�¸

�6
� W
•	L�¦�¤�c�ùLh(Ÿ*<�q�1Aü�a315��Ç.J0¬�/0&�DM”�/0&��

�¥�¿�ž�ü.71Í#�� �̧�	}�b
fDá�3Aü�a�¦�¤�=Cz�Ý1×*<�¦�¤�=�¦�¤

�c�ù-�#•�=F�>‚�¦�¤�D�Ç�©
&�¦�¤�Ú�È,º�¿�ž�]�>  

69�n�=�=�Æ�6
� 1 �• W
•	LEï5NA×1Í�¦�¤�c�ù�æ�6���ð���°

731×�Ý�©
&� �̧e�7 5 0��L���@�V�U�ž2±
Á,º�¦�¤=Ã
>� �̧P315�	…


B�°736Š�Þ���Ê�,L*�C�]�Ä 800 ms�Ç�¦�¤�c�ù+k73"
�CQ��Ä 1.16�Ç

�ð�‰>‚�pAü�a�=(Ÿ�‰F��ÞEžF/CÁ�õAü�a�ü.¤)½�C�„�Ä 96%�̧�Ô)æ

�/0&�Ö�ü1Í#��Ö@��üFU�Ü�]�Ä 8 MB/s�¸M”�/0&�Ö�ü1Í#�1´
CPÂ

1´FU�Ü�]�Ä 400 !W/0��Ç�¦�¤�c�ù+k73"
�CQ��Ä 1.16�>N¯-$�•>‚

�U�»�¸�Ô)æK6�d�l�› 3000�=�y���@�Ç+iB-�L�¾�y
��D�I�_�C�G

�Ä 3 �,�¸ 9í�ÍE¥�,:•�’�y�C�G�Ä 5 �,�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i
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�Û�>CX�u>›�ß	Õ�O�@�CC»Eý300�=�y� �̧J�CC»EýN¯-$.J
��q�Ë�›

,º 20%�> 

5�=Q�8¸73:(#»�J'•�D�•�œ�©Kd�¶�e.J0¬  

.J0¬�»�ï�Æ J¾�/-$�ƒ�8
p�P�¦&¥�­�0�•�~)½�„�=F�D�/ñ'•�:

�~�Ò�C�©1•L$NÎ� .̧J0¬:(#»�J'•�D�•�œAôA×�ï#�� �̧o�¤���‹�•�œ

.�Aü��̧��›�:8))å�\�@Eï5N�ƒ5¤,º�•4õ�p�0�üF�>‚AôA×�ï#�.J0¬�¸

�¬>ƒ+U:(#»�J!™�=CUFEK’�•D%�Ý�l1Í#��¸�Ô)æ LED �•D%�?�~�Ý

�l� 9̧í�ÍNÖ?¼�],º:(#»�J'•�D�•�œ�©Kd�¶�e� Ļƒ�„'•�D736M�Ç.J

0¬#¾Lš�L���g:(#»�JFEK’�˜�F�x�•,º�6�©�¶�e��̧�Q��•�~
Â�•
÷

C^�Ç.J0¬:(#»�J'•�D�•�œ�©Kd�¶ �e�Ý�P	L,º�6�©��8°� J̧¾�/�C
B

M6"x�6
��C
BO��r,º:(#»�JFEK’�ÇB��¶�e0·.j�õ�<�\�Þ�Ý�PK4�¶

�e�=Aô�=F�!›�¸�Ô)æ�pK4>›K4�>  

69�n�=�=�Æ�6
��0,º:(#»�J'•�D8¸73Q��•�~�Æ�Õ)½�ü�Ü 21 

w/m�¸�t�= 80 �û�ë�A�¸�•�~>190 lm/w�¸Q��Ä>‚�P�=�|�Ý
÷�•�~

10%�ÇLh-_�•�~�Ò�©�ÆF¤�•@��Ê35° �=:(#»�J'•�D�Ý
÷ UGR<21�¸

N¼�~>‚�P
B2±�Ý
÷"j�©�Ç
B�,�Ô)æC]�ìC](ŸM˜
Â
fM˜
}	6�¡�•�=

'•�ÜQ��Æ 3.5 2©&¥�­�¿>ûQ��Ü�=2 2©C]�ìQ��Ü�¸1.8 ~2.42©EýF‰�ó

�Ü,
^ 2.42©EýF‰�ó�Ü�—�,�A#•B��Ç]�ì�‹/p�|
÷M˜
�
fM˜'•�Ü
}

	6�Ü�Ê 0.7�¸C]�ì1�M˜
¸-*'•�Ü�Ê600 lx �¸C]�ìM˜
¸-*'•�ÜC»O��_

#œMaxos LED
B2±�Ý
÷ 20%�>N¯-$�•>‚�U�»�¸�6
�:(#»�J�¶�e
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'•�D�Ý
÷�C�G�Ä 10 !t�̧�Ô)æ �æ�ÔK6�dNÓ5000�=���@�Ç �q�2�L	ø

�D�l�Ð
3�ì�=>‚�P�=�ü 1 N¯�Ç�l�Ð �7�P�=�ü 1 N¯�Ç+iB-�L�¾�y
�

�D�I�_�C�G�Ä 10 �,�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý500�=�y� �̧J�CC»EýN¯-$.J
��q�Ë�›

,º 20%�> 

�c�7�d�ø�@�•�”�ê�±�Y�»�•�ù  

6�=�0�Ä�
�]	Á+k�ä4é5	�º,º��$ÆQ��<EÞ)½�V�U�ž�©Kd�¶�e  

.J0¬�»�ï�ÆJ¾�/2ô�ü
%0µ�j	q+ÍAô�=�D+U(Ÿ�ä4é�¶�e1•�/Q�

�<EÞ)½��$Æ�
�]�V�U�ž,ºM6"x�.̧J
�Q��<EÞ)½��$Æ�
�]	Á+k�V�U

�ž� �̧­�‰.J0¬�»�ï	;�"�Æ.J
��
�]	Á+k�C
>�†�Ï�ä4é5	�º�lFV�¶

�e� �̧Ô)æ�
�]�V�U�žQ��<EÞ)½,º�¶�e0·.j�Ç�01�	Á+k$-
>(Ÿ#|�Ï

,º#wFU�=2Î�Ü�D�ä4é5	�º�F
Á2ô�Ü,º�¦�r W
Á� �̧p
:0�M”(‘Nµ#w

�‰#|�Ï�l�’�ä4é5	�º���Ñ*<Að	ø69�Ç�6
��ä4é+k�·,º�lFV�¶�e�¸

�¬�l�=�0��$Æ�
�]	Á+k�V�U�ž�m
÷�Ç.J0¬��$Æ�
�]	Á+k�V�U�ž,º


%M–�]�¬
^	q+ÍAô�=N¼��F�>‚/p99�Ê+^�>  

69�n�=�=�Æ�6
��0�0�Ä�
�]	Á+k�ä4é5	�º,º��$ÆQ��<EÞ)½�V

�U�ž�l�=�¶�e� �̧¬�l�=�0�V�U�ž�m
÷�Ç�V�U�ž�ä4é5	�º,º�6�E5*

�Ü�p�. ≤500 nm�¸�¬��5*�Ü�p�.≤30 μ m�¸5	�º�p�.�…�$≤5% �Ç�V

�U�ž�ª�‰	Á�Ñ�<EÞ)½ ≤50 nN�¸	‹�`�ä5	�º�<EÞ)½ ≤0.3 nN�Ç�V�U
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�ž�m
÷
^	q+ÍAô�=�@F�>‚/p99�Ê+^�Ç
�>žQ�"j�©Að�½�C�G�Ä 4 1ý�¸

+iB-�L�¾�y
��D�I�_�C�G�Ä 3 �,�>  

�?�©B*�D�ÆQ��WL˜�v�=�7�Á�P	‹�ƒ
}
%(«�j+i�Û� ÇX�u>›�ß

�CC»Eý100�=�y��̧¸�7�P(«�j��̧O�CC»EýN¯-$.J
��q�Ë�›,º 30%�> 

7�=Q��x�01‡�‹�Ï�!FU�ö#•�¦�•���¥	L�©Kd�¶�e
�>û�=.J
�  

.J0¬�»�ï�Æ J¾�/�01‡�‹�Ï�0)æ,ºM˜�µ.j�•7g:s�=01�ƒ
��˜1•

L$NÎ
�&´
D,º�Ê�[�]�!FU�¿�ž�ö#•��̧_+^���ð�p�cE³$'�Ü�œ�– W


Á� 6̧9<‡'�M4"—$C�=)å�¹�§��,º�Ë�:
Â�H�§1•
�3V�/�ö#•5	�Ò,º

�¨�¦Aü�a�.̧J0¬�0�Ä���ð�p�°738`4õ?ú�H�D�z��,º)ñ*¹�‹�Ï
4��

GýLü� @̧��é�ð�����Ý���ð�p6M�,6M�Ñ,º�„�~�’�P�ï�E�Ç.J0¬F8+^

�Ä���ð�p�cE³���öAü�a�6�‰	L315�� @̧��é�¿�ž8`#•�°73?ú�H�=�]

?ú W�¦�¤�Ô�,�:*<�<�Æ�=�0�Ä$'�Ü�œ�–,º.j�•�=01�ƒ�=
��˜1•�Ô

�,�ö#•�=FP���Ô�,�VEÉ�=�ö#•5	�Ò�¦�•���¥
%?ü	L1•L$NÎ�Ç.J0¬

)ñ*¹�‹�Ï�ö#•5	�Ò��0A�™�~,º���¥	L315��@̧��é�ö#•5	�Ò�¦�•	L

���Ž
��ö#•5	�Ò�¦�¤�É,º �º�0L$NÎ�>  

69�n�=�=�Æ�Ô)æ�/�´C»�µQ��x�01‡�‹�Ï�!FU�Ê�[�]�¿�ž�ö#•�¸

��Q��Ê�[�¿�ž�ö#•5	�Ò�ü.¤
%M–�]
B�,� 8̧ �Þ	L�Â�FQ�0°�=Q�	§

�m�L�’�P� �̧¬�?�~Lƒ�„�ö#•F�>‚�F�b�ÇQ��x�01‡�‹�Ï�0�Ä���ð�p

�Ç�©
&8`#•
��¿�ž�ö���6�‰	L315���̧Ô)æ8`#•�D$'�Ü�p�ž�œ�–Aü

�a,º�01‡�‹�Ï�!FU�¿�ž�ö#•��̧¬�Ô)æ�ö��5	�Ò,º�¦�•	L�?5* W
Á
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%?ü	L�Ç73�Ô)æ�¿�ž�ö���!FUAü�a
��Û
€�Ç�¬�c� �̧‹�ÏM˜�µ.j�•

�!FUAü�a�ö#•)½Eô�f 95%�0̧1�ƒ
��˜2ô�ÜEô�f 1 	Î2©� +̧iB-�L�¾

�y
��D�I�_�C�G�Ä 5 �,�¸9í�ÍE¥�,:•�’�y�C�G�Ä 5 �,�>  

�?�©B*�D�ÆQ��WL˜�v�=�7�Á�P	‹�ƒ
}
%(«�j+i�Û� ÇX�u>›�ß

�CC»Eý100�=�y��̧¸�7�P(«�j��̧O�CC»EýN¯-$.J
��q�Ë�›,º 30%�> 
 

�bN¼��N¯-$+i�Û�=	•5L�l�I�ì4ú
C	‹�Æ  

�„#Ü�U   �c0�L˜�·#��†�Ï�v  

�j�L	�   �·#��]�œ 

�ž"nC»  �·#��8�R�ï*<��Q�1•.J0¬L˜  

�å�‰�U  �·#��cEœ�,���V�U�¶�e�?L†�¢
.  

�g�•    �·#��8.)+U0��¶�?L†�¢
. 
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��o•�V�� �:	Ê	¯�x
Æ�]	x	ž	W�”�¾  

�´�6�µ�Ý�PK4�©Kd�n�ù�¶�e�q�©N¯-$  

1�=�°73P´P¬���Ý�l�ž
��¬1Í#�.J
��q�©  

.J0¬�»�ï�Æ FPEýQ�4Ý�a�°73P´P¬���Ý�l�ž�©
&,º8 �q.J
��¸

�Ô)æL2+4Ý�a�Õ73�6
��¸0·.j
%�e�7 L4 4Ý�a,ºH��ÝEœ
Á,º8 �Þ

P´P¬�©Kd�¶�e�	̧;�"�0�Ä�]1Í�Ñ8å(}AôA×,º���Ý.¢�,�©
&
ÂGƒ�•

1Í#�E¥�,�Ç.J0¬�P$Æ�8�º�V�U�ž�95¤�=8å(}F?
Á
�Q�
%M–.¢�,�=
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�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý300�=�y� �̧J�CC»EýN¯-$.J
��q�Ë�›

,º 20%�> 

2�=���P(Ÿ6Š5‡�,�Å�,0°�¦�¤�É�©Kd�¶�e .J0¬ 

.J0¬�»�ï�Æ .J0¬�<�9�E�,�Å�¦�¤�Ç	Õ+U�Ž�Þ�ì�º� �̧Ô)æ�]
T


FH��¦�¤�Ï�›�,�,�Å�¦�¤�É>‚4Ý�Á�×
��!'•4Ý�Á�×LÊ/ñ
Â�,�Å

�¦�¤�¬
�B1�Ï�Ô�,#w�EA×1Í�Ç.J0¬�,�Å�¦�¤Q�
%+^�]AôA×�¶�e�¸

�Ô)æ�0�Ä�ZLl!ë���Ú�´ Two-Phase Commit Protocol, 2PC�µ�<�9�E

�Á �× 
Â �P(~ �b �¬ 
 � �Ý � l � ´ Multi -Version Concurrency Control, 

MVCC�µ,º�<�9�E�¦�¤�p�68*�]�Ç.J0¬8 F8�Ê�,�Å�¦�¤	Á5_1Í#��¸

��	}�P�¥�b�¦�¤�ïKO,º�¦�¤�Ž�Þ�~)½
��¦�¤�Ï�›
Â��B��]73�Ç.J

0¬�Ô�,�<�9�E�¦�¤LU�M�¶�e
Â�ÇEï	…
BB9�Ü�|�ì�.̧J
��ÇEï�6�‰

,º�,�Å�¦�¤�Ž�Þ
Â�:*<,º���P(Ÿ6Š5‡�,�Å�,0°�¦�¤�É�@̧��é���P

(Ÿ6Š5‡)æ
p4ÝA×1Í73�Ñ+,N¾L$NÎ�> 

69�n�=�=�Æ���0F8�Ê���P(Ÿ6Š5‡�Ê+^
p�¥,º�<�9�E�,�Å�,0°

�¦�¤�É�0�É�¶�e� 3̧15�Eô�f���P4Ý
%M–�]
��¦�¤Q�
%+^�]�Ç�,�Å

�¦�¤
T
F)½�C�„�Ä 80 �= RPS�´Requests per second�µ�¸,´�=�¦�¤

�©
}�<4ú��B��,L*�E�Ä 0.80��Ç�,�Å�¦�¤�©
}	Á5_"
�C�E�Ä 20:1�Ç

�Ý�P	L�Þ�µ�Ô)æ 2 �`>‚�P���@,º/p99�Ê+^�¸�Ô)æ K6�d�l�› 1000
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�=�y���@�Ç+iB- �L�¾�y
��D�I�_�C�G�Ä 3 �,�¸9í�ÍE¥�,:•�’�y 2

�,�¸
�>ž�œ�eAð�½�C�G�Ä 2 1ý�>  

�?�©B*�D�Æ?·"x�7�P(«�j� U̧I�ç�DQ��W�=0�.JL˜�v1•6Š
>+i

�Û�>CX�u>›�ß	Õ�O�@�CC»Eý300�=�y� �̧J�CC»EýN¯-$.J
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