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2Ü2 MEMS Ê*~f 7RF æ�F�¢ �Ï�
*çV� nr¾Ï 
�* æ�F�

�7ÏÁ��/Á�«{Áf¦�†

S
&�v ;�Û�*¶��¦

Ö 156-743 BÞ� ÿ·� çê5ÿ 1-1

(2002j 4ú 27¢ Ar, 2002j 6ú 10¢ >;� Ar)

2Ü2 MEMS Ê*~f 7RF æ�F�~ ��b� �WB *çV� nr¾(Phased-Array Antenna: PAA)Ï 7�'� 
�
* æ�F�(True Time-Delay : TTD)¢ Bn~&b�, 30o~ ª�Ëj <� �& 120oræ z "ÒOËj �; � > ®º
F; PAA Ï 
�* æ�F�¢ �*~&
. � ��º BÚ& *Þ~�, � B~ 2Ë �; .�& 
�J�¢ ÒÏ~V r
^ö V�ö BnB 2Ë &æ 7öj ÒÏ~º ��
�
 �³ ÿ·� &Ë~�, ãB'�¢º Ë6j <� ®
. 6�, B
nB 
�* æ�F�º '' �ÖB nr¾ ²¶ 4B� �WB 10 GHzÏ PAA¢ Jê~&
. *Ö Î~ 
þ Ö", JêB
PAA~ �& z ��f z "Ò'� 0o� ãÖöº 11.6 dB, Û30o¢ r 11.2 dB, �Ò� Û60oöB 10.6 dB� ¾æÒ
.
"BÚ : phased-array antenna, true time-delay, optical MEMS switch.

I. B �

 

�" *WÛ� 5 ;� Û� Öë~ B�� rW 5 zç

�~ �³ ��V *Ç 5 �*" Ë²ö ��Aæ pº Bj

Ê B�ö jº� �Ê� �»ö &� ��& ê¯>� ®
.

*W OÇÏ nr¾~ ãÖöº Nï�¾ F; � �ÿÚö

£² ÷Ò � > ®�, ÞB Ú:B¾ �®î~ BjÊ¢ A

j¢ �
. ��¾ Æ� �k�^&º *2~ãöBº ö~º

�^�ö �~'� Ò3(jamming) 5 �^*S, 
7ã� ¾

�O, ACI(Adjacent channel interference)f ?f 
·� Ç

r" *zWª� �Î¾� ®
.[1-5] V¢B ��� Çr" *

Sb�¦V ö~º �^òj ºÂ� > ®�, *W~ OËj

º'� > ®º *çV� nr¾�Ê�ö &� ��& �Ú�

'b� �B~² ê¯>� ®
.

*çV� nr¾(Phased-Array Antenna: PAA)¦ �¢ nr

¾ ²¶¢ �� B V�~� ~¾~ nr¾¾" ÿ·~º �

��� ' nr¾ ²¶
~ *çj �;~� " z~ OËj

æz�Ò > ®º ÊîÞ nr¾(Smart Antenna)~ ¢«�
.

PAA~ z "ÒO�f ¢>'b� î����2 ²¶¢ �Ï

~º *ç "ÒO� (Phased Shifter Scanning)" 7�' O

»j �Ï� �*æ� "ÒO�(Time-Delay Scanning)� ®
.

7�'� BÚ O�f 9f &��, & ¶
, ¸f F�W, ²

;z, Z *¶2 *S 5 *ç BÚ O�öB ¾æÚº 'beam

squint' *ç(ÒÏ"2>ö V¢ " z~ OË� £*O æÚæ

º *ç)� ì
º Ë6� ®
. *Òræ BnB 
�* æ

�F�(True Time-Delay: TTD)~ ��º � ªÖ �ç 7R

F(High Dispersion Compensation Fiber: DCF) *Ò¾j �

Ï~º O»,[8] ÷'zB 
Ò� ê2& Ê*~¢ �Ï~º O

»,[9] �� B~ 7RF Ï¶(Fiber Bragg Grating: FBG)¢ �

Ï~º O»,[10] Ï 7RF Ï¶(Chirped Fiber Grating: CFG)

¢ �Ï~º O»[11,12] �� ®
. 

� ¢^öBº V�ö BnB O�
öB 2Ë &æ 7ö


j ÒÏ�b� �� B�>º �³ 2Ë BÚ 5 n;W ^B

�j �Ö� > ®ê� � B~ �¢ �; 2Ë 7ö" 7R

F æ�F� �Ò� 2Ü2 MEMS(Micro-Electro-Mechanical -

systems) Ê*~
j ��� ãB', n;', �Ò� BÚ& Ï

�� 7�' TTD¢ Bn~&
. 6� 2Ü2 MEMS Ê*~

4Bf MEMS Ê*~ö �ÖB B� 
� ^�~ 7RF æ

�F�
� �WB 
�* æ�F� 2̂ Þ¢ B·~� �ÿ

Û� 5 .�zÏb� ÒÏ>º L-Z�, S-Z�, �Ò� X-Z

�öB ' RF "2>ê� �*æ�j G;~� WËj ¦Ã

~&
. 
þö ÒÏB MEMS Ê*~º ¢> Vê� 7 Ê*

~�
 w�³ê(£ 90µs) 5 Ê*��*(£ 200µs)� ��

� ã«¶
ê 0.8 dB�~� WË� Ö>~
. ß® Ê*��

*f �Ò^ 7 Ê*~�
 £* ¶Òæò ã«¶
 �öB

Ö>� WËj &æ� ®
. � ¢^öB BnB TTD ���

�ÿ>º 4B~ nr¾ ²¶� �WB 10 GHz PAA¢ Jê~

� JêB PAA~ WËj *ÖÎ~ 
þj Û� ªC~&
.

� ¢^~ �Wf 
r" ?
. 2ËöBº BnB � B~

�¢ �; 2Ë 7ö, 2Ü2 MEMS Ê*~f 7RF æ�F�


j �Ï� TTD ��ö &~� *Û~² J«~&�, B·B

TTD~ ' "2>ê �* æ� G; Ö"ö &~� ¢~~&


. 3ËöBº BnB TTD� �ÿ>º 4B~ nr¾ ²¶�

�WB 10 GHzÇ�Ï F; PAA~ Jêö &~� J«~&b

�, *Ö Î~ 
þj Û� JêB PAA~ WËj ªC~&
.

îæïb� 4ËöBº � ¢^~ ��Ö"¢ º£~&
.†E-mail: bgkim@sunbee.soongsil.ac.kr
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II. 2ÜÜ2 MEMS Ê*~f 7RF æ�F�¢
�Ï� 7�'� TTD

2.1. BnB 7�'� TTD~ ��

�â 1f � ¢^öB BnB 2Ü2 MEMS Ê*~¢ �Ï

� Ç�Ï F; PAA~ ��¢ ¾æÚº Bvê�
.

TTDº 2Ü2 MEMS Ê*~
" Ê*~ö �ÖB B� 


� ^�~ 7RF æ�F�
~ ��b� �W>�, �¢ �

; 2Ëj &æº DFB(Distributed feedback) .�& 
�J

� ~¾� �ÿB
. .�& 
�J�~ CW 7 ÂKf RF

�^� æ�B ê, 1ÜN 7 Ö�V¢ Û"~� NB~ 7 ã

�� ªVB
. ' 7 ã�öBº MEMS Ê*~~ ON/OFF

ç�ö V¢ Ê*~ö �ÖB 7RF æ�F�& F�>�,

RF æ�B 7 �^º F�B æ�F�
~ ^� �ö ��>

º �* æ�j <� nr¾ ²¶ö êO�
. 7 ã�
*~

^� N�º �7 nr¾ ²¶
ö êO~º 7 �^
 *ö

�* æ� N�(∆τ)¢ B��B Ö"'b� PAA~ z "ÒO

Ëj æz�Ò > ®
.

�7� v B~ TTD 7 ã� Ò�ö jº� �* æ� N

�f PAA~ z "Ò'(scan angle)"~ &êº � (1)" ?
.

 

(1)

�VB, dº V� nr¾ ²¶*~ *Ï, cº �V 7öB

*2 ³ê, θº PAA~ z "Ò'�
. V¢B � ¢^öB

Bn� 7�'� TTDö ~� �ÿ>º PAA~ �² z "Ò

'f �7� v B~ TTD 7 ã� Ò�ö jº� �* æ�

N�~ �² 8ö ~� Ö;B
. �º �7B TTD~ MEMS

Ê*~ö �ÖB æ�F�
~ ^� N�~ �²8ö ~� Ö

;Nj ~��
.

� ��öBº ÿ·~ BÚ¢ �Bz~V *~� PAA~ z

"Ò'� Ö;>� �â 1~ MEMS Ê*~ ¯R~ ß; �

(column)ö ��~º MEMS Ê*~
j ON �Ê� 
� �

ö ��~º MEMS Ê*~
f OFF �B ß; �ö ��>

º MEMS Ê*~ö �ÖB æ�F�~ ^� N�ö ~~�

�7B TTD Ò�~ �* æ� N�& � (1)j ò�~ê�

Jê~&
.

V¢B � ��öBº ' TTDö ÒÏ>º MEMS Ê*~

7 ON >º MEMS Ê*~º 1B�� 
� MEMS Ê*~

º OFF >æ� ÒÏ>º MEMS Ê*~
� ?f ã«¶


j &ê
� ' TTD~ �«�öB �¢� ÂK 7 2ò¢

áj > ®
. ��¾ 
þö ÒÏB MEMS Ê*~
� B�


� ã«¶
j &æ� ®V r^ö, �¢� ÂK 7 2ò¢

áV *�B ' TTD~ �«�ö &æ; 7 6êV(Variable

Optical Attenuator: VOA)¢ �Ö~� �¢� 7 2ò¢ áj

> ®ê� ~&
.

2.2. TTD~ �* æ� G; 5 Ö"ªC

�â 2º MEMS Ê*~f 7RF æ�F�¢ �Ï~� B

·� TTD~ �� 5 ßW G;j *� 
þ �Wê�
.

' TTDº 4B~ 2Ü2 MEMS Ê*~f ' Ê*~ö �Ö

B 7RF æ�F�
~ ��b� ��Ú^®
. ÿ· &ËW

j {�~V *~� - TTD 1" TTD 2 - 2B~ ^Þ� V�

nr¾Ï 
�* æ�F�¢ �W~&
.

ÒÏB 7RF~ FÎ �.�f G; Ö" 1.46�î
. 6�


þö ÒÏB 7 æ�V Vπ 8f 3.8 V�î�, ÿ· 6f £

2.6 V�î
. MEMS Ê*~~ ã«¶
f ' Ê*~f Ê*

~~ ÿ·ç�ö V¢ �.O N�& ®æò G;Ö" £ 0.8

dB�~&
.G;B MEMS Ê*~~ Ê*��*f £ 200 µs

�î� çß�*f £ 90µs�î
. ÒÏB MEMS Ê*~


~ ã«¶
� ¢;~æ pbæ� �¢� 7 ÂK 2ò¢ á

V *�B TTD 1" TTD 2~ ��ö VOA¢ �Ö~&
. Ò

ÏB VOA~ w�³êº 1.5 ms�îb�, DSP ��~ BÚ«

K�^ö V¢ «K��V~ offset binary ;> 8� 0 VöB

5 Vræ æ~º ßWj &æ� ®º Analog DeviceÒ~ ÷R

7³; AD664JIN-UNI;j ÒÏ®
.[14,15]

∆τ= d
c
--- θsin

�â 1. 2Ü2 MEMS Ê*~¢ �Ï� Ç�Ï F; PAA~ ��¢ ¾æÚº Bvê.
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F; PAA~ z "Ò'j áV *� �7B TTD Ò�ö

jº� �* æ� N�º � (1)" ?bæ�, z "Ò'ö &

w>º �* æ� N�¢ áV *~� ON >º MEMS Ê

*~~ �ö ��~º �7B MEMS Ê*~ö �ÖB 7R

F æ�F�~ ^� N�(∆L)º 
r" ?� �*B
. 

(2)

�VB, cº �~ ³ê, nf 7RF~ FÎ �.��
.

nr¾~ ÒÏ "2>& 10 GHz� ãÖ F; PAA& �&

z ��j &î > ®º V� nr¾ ²¶*~ *Ïf 1.5 cm

�
. V¢B F; PAA& z "Ò'j Û30o� &æV *~

� TTD 1" TTD 2Ò�ö jº� �* æ� N�º 25 ps�


. � (2)¢ �Ï~� ON >º MEMS Ê*~~ �ö ��

~º MEMS Ê*~ö �ÖB 7RF æ�F�~ ^� N�

º £ 0.51 cm�
. z "Ò'� Û60o� ãÖöº TTD 1"

TTD 2Ò�ö jº� �* æ� N�º 43.3 ps�� 7RF

æ�F�~ ^� N�º £ 0.89 cm�
.

� 1f v ^Þ~ TTDö �ÖB ' MEMS Ê*~~ �

ö ��~º MEMS Ê*~ö �ÖB 7RF æ�F�~ 


B ^�f v B~ TTD Ò�ö G;B �* æ� N�¢ G

;� 8�
. G;B �* æ� N�& Ï�� ®~ �* æ

� N�f N�& ¾º �Fº 7RF æ�F�~ 
B ^�

N�& Ï�� ®~ 7RF æ�F�~ ^�f 
�� 6�

' TTD~ MEMS Ê*~
j �Ö~º 7RF ^�~ N�

& B�~V r^�¢� �'B
. 

�â 3f �â 2~ 
þ �Wê¢ �Ï~� G;� �� B

~ z "Ò'ö &w>º TTD 1" TTD 2~ ÂK�* æ�

N�f ÂK 7 2ò¢ ��&
. z "Ò'� 
î>� v

TTD Ò�~ ÂK�* æ� N�& Ã&�j " > ®
. 6

� VOA¢ �Ï~� TTD 1" TTD 2~ ÂK 7 2ò¢ �

ç~&V r^ö ÂK 7 2òº £ 33µW�î� 7 2ò~

æzº Û0.25%� G;>î
.

�â 4º ÒÏ>º RF "2>~ æzö V� TTD 1"

TTD 2Ò�ö B�>º �* æ� N�~ æz¢ G;~V *

� 
þ �Wê�
.

RF "2>¢ �;�Î ê TTD¢ �W~º MEMS Ê*~

~ �j ON/OFF�Ê�B B�>º ''~ �* æ�j Û�

�ªCV(HP8719D)� G;� ê, ?f O»b� RF "2>

¢ æz�Ê�B �* æ�j G;~&
. � 2º �� B~

∆L= c
n
---∆τ

�â 2. B·B TTD �� 5 ßW G;j *� 
þ �Wê.

�â 3.�� B~ z "Ò'ö &w>º G;B TTD Ò�~ �
* æ� N�f 7 ÂK 2ò.

� 1. v B~ TTD¢ �W~º MEMS Ê*~ö �ÖB 7RF æ�F� ^�f G;B TTD Ò�~ �* æ� N�

MEMS1ö �ÖB
æ�F�^�(cm)

MEMS2ö �ÖB
æ�F�^�(cm)

MEMS3ö �ÖB
æ�F�^�(cm)

MEMS4ö �ÖB
æ�F�^�(cm)

TTD1
TTD2

178.0
178.9

181.0
181.5

182.5
182.0

185.1
184.2

G;B �* æ�
N�[ps] (JN)

47.68
(Û1.9%)

27.93
(Û1.5%)

25.48
(Û0.2%)

47.04
(Û1.9%)
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RF "2>ö &~� ''~ z "Ò' (&w>º MEMS Ê

*~ �j ON)öB B�~º TTD 1" TTD 2~ �* æ�

N�¢ G;� Ö"�
. 
þö ÒÏB RF "2>º �ÿ Û

� 5 .�zö ÒÏ>º 1.8 GHz, 2.2 GHz, 8 GHz �Ò�

10 GHz¢ ÒÏ®b�, PAA~ Jê z "Ò'� 60o, 30o, −30o

f −60oö &~� G;B ï� �* æ� N�º � 2f ?


. RF "2>¢ 1.8 GHzöB 10 GHzræ æz �Vj r

B�~º �* æ� N�~ JNº �& Û2.3%�B .G�

&� RF "2> æzö &~� �* æ� N� æz& �~

B�~æ prj r > ®î
. 7RF¢ �Ï� �* æ�²

¶¢ ò�º ©f 7RF ^�¢ ;{~² �.�¢ ~º Ú

Jæ� ®
. � �� Ö"öB " > ®�� ;{� �* æ

� N�¢ áV *�Bº 7RF~ ^�¢ ;{® �.�¢�

jº& ®
. V¢B 7RF~ ^�¢ ;{® �.� > ®º

O»ö &� ��º 7RF æ�F�¢ �Ï� ²¶f �Ê�

~ ßW Ëçö 7º� º²¢� �'B
.

III. 10 GHz  Ç�Ï F; PAA~ Jê
5 *Ö Î~ 
þ

10 GHz Ç�Ï F; PAA Jê¢ *� �¢ nr¾ ²¶

^�ö &� "Ò 8f � (3)b� Ö;� > ®
.[1]

 (3)

�VB, L" Wº ''~ �¢ nr¾ ²¶~ &�f ^�

^�, εrf V6~ ç&F*ç>, λmf ¶F�*öB RF 2

Ëj ¾æÞ
. JêB 10 GHz Ç�Ï F; PAA¢ *� �

¢ nr¾ ²¶º � æ~ ^�& 9.2 mm� ;Ò'; ���

B, vþ& 0.7864 mm��, ç&F*ç>& 2.5� r*�j

V6b� ÒÏ~&
.

*Ö Î~ 
þ Ö" �¢ nr¾ ²¶~ �& ��f 6.8

dB�î
. 6� � �¢ nr¾ ²¶ 4B¢ F; V�~�,

�7 nr¾ ²¶*~ *Ï d¢ 0.5λmb� Jê� F; PAA

~ " z~ �& ��f 11.6 dB�î
.[16]

�â 5º MEMS Ê*~~ �� ON >º *~ö V� 10

GHz F; PAA~ z "Ò'~ æz¢ ö�Ò OÒNZb�

�� ©�
. z "Ò'� Û30o
� æ� r 4B~ nr¾ ²

¶� �WB PAA~ " z �& ��f 11.2 dB�B, 0o¢

r~ " z �& ��"º 0.4 dB~ N�& Ò�, Û60o
�

æ� rº " z �& ��f 10.6 dB� 1.0 dB N�& Ò
.

IV.  Ö �

� ¢^f 2Ü2 MEMS Ê*~
" 7RF æ�F�
~

L= W= 0.49
λm

εr

--------×

�â 4. RF "2>ö V� TTD Ò�~ �* æ� N�~ æz¢ G;~V *� 
þ �Wê.

� 2. �� B~ RF "2>¢ ÒÏ~� G;� TTD Ò�~ �* æ� N�

MEMS *~
 fRF (GHz)

MEMS1 � MEMS2 � MEMS3 � MEMS4 �

∆τ [ps] JN(%) ∆τ [ps] JN(%) ∆τ [ps] JN(%) ∆τ [ps] JN(%)

1.8
2.2
8.0
10.0

47.68
47.72
48.20
48.88

Û1.9
Û2.0
Û2.2
Û2.5

28.13
28.21
28.73
29.13

Û1.9
Û1.9
Û2.2
Û2.4

25.73
25.53
26.33
26.73

Û0.7
Û0.6
Û1.0
Û1.2

46.80
47.00
47.80
48.20

Û1.5
Û1.6
Û2.0
Û2.2

�* æ� N�~
ï�8[ps] 5
ï�JN(%)

48.12 Û1.3 28.55  Û1.8 26.08 Û2.3 47.45 Û1.5
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��b� �WB *çV� nr¾Ï 7�'� 
�* æ�F

�¢ Bn~&b�, 30o~ ª�Ëj <� �& 120oræ z

"ÒOËj �; � > ®º F; PAAÏ 
�* æ�F�¢

�*~&
. 6� 
þ'b� �*� 
�* æ�F�& ''

�ÖB nr¾ ²¶ 4B� �WB 10 GHzÏ F; PAA¢ J

ê~� *Ö Î~ 
þj Û~� � ßWj ªC~&
.

BnB ��º � B~ �;B 1,550 nm 2Ëj &æº

DFB .�& 
�J�¢ 7öb� ÒÏ~V r^ö 2Ë &æ

7ö
j ÒÏ~º V�ö BnB O�
öB B�>º �³

2Ë BÚ 5 n;W ^B �j �Ö� > ®î
. 6� DSP

��~ BÚ�^� ÿ·� BÚ>º MEMS Ê*~ö �ÖB

7RF æ�F� ^�~ N�ö ~~� z "Ò'� BÚ>V

r^ö � ¢^öB BnB 
�* æ�F�º V�ö BnB

��ö j~� n;'� ÿ·j ~� ãB'�¢� �'B
. 

BnB 
�* æ�F�~ ÿ· &ËWj {�~V *~�

4B~ 2Ü2 MEMS Ê*~f ' Ê*~ö �ÖB 7RF æ

�F�
~ ��b� ��Úê TTD v B~ ^Þ¢ �W~

&�, �� B~ RF "2>ö &� �� B~ z "Ò'ö

~� B�~º �* æ� N�¢ G;~&
. v B~ TTD

^ÞöB B�B �* æ�N�º RF "2>fº Z&~² ÿ

¢� �* æ� N�¢ &æ�, PAA~ z �. '� 0o,

60o, 30o, −30o �Ò� −60o¢ r ï� �* æ� N�º '

' 1.96 psÛ1.0%, 47.68 ps Û1.9%, 27.93 ps Û1.5%, 25.48

ps Û0.2%f 47.04 ps Û1.9%� G;>î
. 6� 10 GHz �

¢ nr¾ ²¶~ *Ö Î~ 
þ Ö"� áf " z �&

��f 6.8 dB�î�, 4B~ �¢ nr¾ ²¶
� �& ��

j &æê� F; V�B F; V� nr¾��öB *Ö Î

~ 
þ Ö"� áf z "Ò '� 0o¢ r " z �& �

�f 11.6 dB�îb�, Û30o¢ rº 11.2 dB, Û60o¢ rº

10.6 dB¢ áî
.

� ¢^öB BnB ��öB áj > ®º �² z "Ò'

f MEMS Ê*~ �~ �7B MEMS Ê*~ö �ÖB 7

RF æ�F�~ �² ^� N�ö ~�B Ö;Nj r > ®

î
. 6� ÒÏ~º MEMS Ê*~~ ã«¶
 ßW� ÿ¢

� ãÖ ' TTD~ ÂK 7 2ò¢ ÿ¢~² Fæ~V *~

� ��ö ÒÏ� VOAº jºì² B
. V¢B F; PAA

~ z �.' æ~�*f MEMS Ê*~~ Ê*��*ö ~

~� B�Nj r > ®î
. 

� ��º 7""�VFö .�³ 7 JÞò� ��bV¢

Û� ��"�Ò� Ö>��bV æö." vò�� 21 Òë

ö ~~� >¯>îÛî
.

^�^ò
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Optical true time-delays for phased-array antennas
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We propose optical true time-delays (TTDs) for phased-array antennas (PAAs) composed of 2Ü2 MEMS switches and fiber
delay lines, and implement a TTD which shows a maximum scan angle of 120o with 30o resolution. Since this structure uses only
one fixed wavelength laser diode, it provides several advantages such as easy control, high speed operation, and low cost
compared with those of the optical TTDs using tunable laser sources. We design a four element linear PAA using the proposed
TTDs at 10 GHz. Simulation results show that the maximum gain is 11.6 dB at the radiation angle 0o, 11.2 dB at Û30o, and 10.6
dB at Û60o.
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