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ABSTRACT

The 2-D Optical Phased Array (OPA) antenna based on a Liquid Crystal On
Silicon (L.CoS8) device can be considered for use in free space optical communication as
an active beam controlling device. Several examples of the functicnality of the device
include: beam steering in the horizontal and elevation direction; high resolution
wavefront compensation in a large telescope; and beam shaping with the computer
generated kinoform. Various issues related to the diffraction efficiency, steering range,
steering accuracy as well as the magnitude of wavefront compensation are discussed.

" pbost@lei kent.edu; Phone (330) 672-2511




€00z 11dv L0

UOMDUD O A INDJ

vpuvii X134 ‘yYonoqg uyor
‘Uossapuy wif

‘Suvy g ‘Suv g (vnysurx) Yy

surdeys/3urIdd)s wedq Jase |




€007 11V L0

vonreindiuew pue uideys wreade

sondo od1e] ur [01UOD UOIRLID(V e

VdO SO0DT JO SuLd)S Wedge

(VdO) Aeixry peseyd [eondQ - Jo vap! oiseg.




€007 11dv L0

R R R S o T e e e £
R R R R R R R R IR R G G (70
B R R R R R R R R R A R AR P P P T T (11

Ae1op aseyd aonpur ued jey) JUSUWID[O SAIJOL 9dRYS SUI|

:Aeary paseyqd 1eondo -1

Aeiry paseyd [eondQ stiegm




€007 1MdV L0

B B
T OO e o D sl b e by

i

I
\%%%m m m CHEHIPIO PGP NN NP RIS
SPPPPPELCLPOCPPPL PO PRI

SO e e e o iessesacgaed i oo oo it PRLIOVVOOI0 0000000 000PP00PPePPP

, M PP Q0D IELI0ODOPOPLDE P& PP POPP
TR 000NN e oo 0o TR0 1 2S00 0000000000000000080000000000
RA0IN0N0000T o NN S2000020000000000000000000000000
i
(LoIalu) oRSP LAPIMA e
sy ooy OSE one oGz ol (=1 0ot 04 @0 GDEH0000800000000000000000
PEODONGELN 060000008 200008 0000000
PRPPLLPEOPIGO 0P LOPOPL OO P OPPP PP
PACPOL PP P POPPP PP P PP PPP PPN
w RGP P D LGP I NI NN N RN
7 = ASOE MBT AT AWT AIET  ACIT \wmﬁ%%@&
m h
c m N S G WSS SR ESSREE) ERUES
3
>
v » L
a , “
R ) " " P
{1+ ' ¢ -~ Hh
0 _ P 14
g H R )
S P
7 - e Y]
3 o e
a v _-
8 =~ -~
o] >
- rd
m g’
o1

Qo) ut uornededosd Y31y




€007 1HdV L0

Wi §GTZEy = ynbuereamny

60G0" T
ssavM

Juowald Avjap aseyd
yuapuadapur jo Aeure (-7

Keiry paseyq 1eondO -z




$GGUS Jeaolre
12 $Se[8 MOopuIM AQ PIONPONUL UONBILIDGY

TWI9)SAS WO2J9SE] SUIOqNV VIV

664 A1TIQRIS [ROTURYISA

‘sondo 2817110 A\ WYSITIS0)) MOT:TUBM

JoLm Arewiag

Joxmw Arewntid o1eos
1010W 190USSIDAIP Weaq OIIW-qng :21mnbay

WE3}SAS W0213s8] 2okds dao(] :VSVN

WOISAS WOOIASE] Ul JOJJU0D UONRILIdGR JO dourloduw]




€007 1Mdy L0

2006 OS

wd¢zmd ¢ ‘ud /g 18 uo] 930ONS 0ATIN9
§T ¢l L0 isua] 93 oo w:&mnxumm 1

ZHS ‘ZHST ‘ZHOS ‘paady

%96 :10308] SuI[Lg reud (o) b

L | INDi

Aw\cow ”\ﬂum\Vﬁ\Q@mom Mﬂ nm mﬂmg wa alm
WG | 4 W7 :omyady
w6l :Buroedg oxig
89Lx¥T01 ‘uonnjosay
{se01a0p 2aRaYI) zH
1no ebewy Wby

joje[npow Jy31] [erjedS UOOI[IS UO [BISAI) pInbI]




€007 T4dv L0

(peJ) spe ¥ uo sjbuy Buuesis {(peJ) o|buy mccmmuw
O i L0 il @.99 0L O 9 il .0 O m.ow .
T LA TITTT Ty TFrTTTTTTT TEPFTTT Ty LA T vt TETTTTY T T TITTrTTTTY
I
b g - 150
& ] 0
3 asuables(] wesg \&\ ip ®© i
pajwI] UOOEA o @
_ & i 2 - ! 1890 @
} & @ ®
¥ .. HU. | o m.
] o i o 060 0/ =Asusioye Buuesig 1,0 @
1 1,00 Q t Mu ¢ Bupasig wnwixey shelony 0 m
i ©
@E_% ] p L g 5% 0R =Aousioye Bunaelg A W
] =3 i .hb ® ) @G Buupalg winwixe jsag 180 ®
@Q@ E - Amwmu o W
3 £ E m.ﬁ; W 00 O e o] oo ity
~ = - ﬁMu So o 88 o0 o0 < o 160
e pa=Aousioya sjium \Mﬂ ;
ajfue Buusels wnwixep o porasq oberany . 0
3 ] .i(«.sz ........... T O - w
E pemsesly O 3 m.m:. m fcmx o M LR O
AL 1) p— umtmmno Emﬂ .0.
! " g i i 3 (3 i 1! w"—v.

04,08< :Aouaro1}y SuLI0MNS

(90uaB10AIp Weaq POYIUI] UOTRIFIP 0]/1) Ppeir ()] :A08INd0Y FulIddlS

SIXE X PuB X U0 (ob£7 () peau I :98uey SuLosg

AoeInooe/Aoua1o)d Sunddls VdO SOD1 AT




£00¢

[erIajew )T JO JUBISUOD d1Se[

J[3ue 3NL1d

SN[BA v /P4UV

(9se0 VdO (-1 Ul apono9pd o3 zepnarpuddiad/jorered Suiqqni) sixe eondQ
(Anow0e3 apox3oory) ded jaxid-1oyuf

porad Sunein

oryoad a8e)joA

ssausdIq L, [1°D

®

®

VdO 110 Souaronffa uononiffip fo 401ovf aouaonpfuy

SYJO Jo uonezrund( .
QOIAJP B3I B Ul SP[ALJ SUISULLJ JO 103JJ9 YT, »

VdO 2@@@@%3 Uy o

usrsop ydO S0D1 Jo uonezrundQ

Tudy L0




(ebp) sjbue uoyoRII(]
o€ 0z 13 [ oL 02

og 0 0%
T T

IR

YL CL=Hd

(n'e) Aysusiyy

14

{uouoiw) uoRdBIP WPIM
oL 8 9 i4

/
:
<
«

16¢

kis

0 a ‘i‘ -
- - - -
{uoionu) eseud

©
3

~
«

VdO D1 3uLio)s

ot L F 9[Sue SULII)S
‘WU ()G T =ISUI[OABA

4 0 M
g 8¢

sVdO D130 uonezrundo usisa(g

weaq

05 o 0g 0z 01
7 F ¥ ™y

€002 11dv L0

(e6p) ajbue uoporyuQ

0 0k 0Z-  oe- O 0%

¥
1

[

|

{'nre) Aususjuy

Yob 6v=dd

04 8
T

(uouDiu) UCHOANP LIPIAA

9 14 [4 0
T T T 6

168

196

®
o <
(uoso) eseyd

@
kS

i
@«
£

-
o
E

J[3ue IPIM




€007 1dv L0

A
2doosaja) eroues m WI9ISAS JUSIOINSBILL

i

]

¥

i TUOIOARM m

ST S— '
SO ISUSUURURPNE | USRS IR 4 . m
n | i

Z ‘, i o "

, .. “
” i
]

]

i

[ P ——

——————

1ose]

SSEID) AMODUT
10 MOPIM IOIX{JN S0UBISIOY

i

i

L R R R

- - - o wn o T o o o B w0 o e e o o o

1101021100

3
i
1
]
)
i
1
i

SEE srjoqeed H@uo&mg gouj 8

sondo 931e[ Ul [ONUO0D UOTIRLIDQY




(soAeM) JUBIDILBO Y BNMIUISZ |
9L %L ¢ OL 8 9 ¥ ¢

g
]

W = © U ¥ 0 N «~ O

0900 £ “Ensy 91
SPOD- £ WY <1
9500 £ B0 1
1500 £ £l

S6T 0 £ Al
48181 £ “Bnsy 11
$610 £ “Busy 01
£2:00 z reouapdg 6
0ET O z BUI0Y g
0F90 z TR0 L
9440 z “Bgsy 9
LE0T 7 “Bnsy g
160°L I 000y t
£8C°0- I niL £
cO9'T I HiL z
180°L 0 woJs1g I
SasABM Hmﬁ.HO nLsg mﬁ.ﬁﬁ

{ZUT JUOJOARM [RIIUI SY) JO JUSIDIO00 SYIUIZ

"STNY 9ABM G'8 ‘A-d SOABM ¢

TUOI}OQII0D 210Jog




€007 T4dy L0

j9oueULIOLIod PajIUII] UOTIORIJI(T

() sy A ¢ 5

"STNY 2ABM ¢/ ‘A-d dABM O1/]

TUOT}001109 JOJJB UOIBLIO]R [enpIsay

UONRIIOQR JUOIJOARM [BNPISOY




€002 14dy L0

6¢ €=10308] JuatudAoxdur onel [yans

(wuw) sixe A ui uonisod

20 00 0
T T ; ¥ T ¥ ¥ i N ™0

4
Oy

.om
.cm
.oow
.omv

n-e) Alisusju

O}

(

g1t .
Jot

yojuonesuadwo) SO+ |

UQ[UORESUBAUIOD) SOD T st

O.N i " i 2 i . i - 1 ON
o 50 00 §0- 0

UOI03.LI03 JUOIJoABM 13} JEe HSd




yndg3noay) [eondo [£)03 Y ST JeYAL

0SL#x08L ST SODTJOo Uonnjossy -«
1919w | = Joxw Arewad oy yo ormupady .

%06 <A USALD  »

uondurnsse 10 sjuduAmMbayy

1001100 SO UBD UONRILIdGR [ONW MOH




€007 1udy L0

WIS SO0T uatM edodseTel Wl

TPOTEOS 30N

dABM ()7 USTIN'Y
JABM 9¢ A-d e
arnyrade 1edd I9JoW | Uo >
it
TH—

UOIBLIOQE JUOIJOARM [BI}IU]

/
/
/

|




€007 1udy L0

901 X 9T I=50000000/£9 0= A
1039€] JuawaAoidwil onel [yans pPajenuIs

KRR 000000°0 TBNISANOdEa [E0-TRL-TE K#E 00000070 FORISNDOAEA EG-TRO-TE
. e i . ’ . . DAEEO"0 ‘070 )XW ‘ ' -
SHA(0°0 ‘070 )YEXVA(00'0 ‘0070 )aud T RoTiTsed Mloota toote Jang T NoILISOd
T WR §°2ES NOILONOA OVENES Bues enubuix’edods 1 N g7 ze NOTZONAL AYEUES Sumn TR edods
LHOTEM HLONETIAYM ALISNALNI NOILDVHALIA PLOL W[ 109XI0D 5007 SHOIAM HIONSTIAVH ALISNUINI HOLLOWHALIA STIPL WI 3081105 §007

D

W {y0i-co i e

[ ——
ww FEGTTO

#$000000°0
—gorjer [yon§
011091100 2103 ¢

£9-0=fone1 [yong
QOwMODhHOQ .Mnuun,_”,<‘

¢ Q=uonezipode [idng
‘vone8edolg weay aAnoeIyI(g Aq paure}qo JSd

[O1100.L1I00 J9)JB PUB 910J9q JSd JO uosureduo))




€00z 11dv Lo

UO1RLISQR JOPIO Y3IY J0J UOIALI0))




€007 1udy L0

VdO d-7 SOO1 [oxid g/ X
0S/ © s snoojap Arewrad Jo "SI SoABM (7 10 ‘A-d SOABM 8 109110))

1S°0 =£9°0 X %06 X %06 = 7%,

ojeyd aseyd 7
uojsid [BOpI UE I UOHEBILISQE JUOLJRABM JO UOIILIOD 10 ADUSIONJD ’ NN

orgoxd oseyd [eiskio pmbiy ur s39s91 ur uond3pdWI JO SSO] Ay} 01 ANP AOUSIDJD J NN

oy

l

SODTJo A11anosyjal

P33324109 aq Uued J01I9 JUOJJoATM WNWIXEIA




dunurod ureaq
uIsnooj /3ur1d9)g /uornesuaduwo))

ardyniA/3




€00z 1dy L0

"T0010SB] 90vdS 991J J0J [0JJUOD WEA( JAIJOR IPIAOIJ

‘so13d0 9318] 10]
JuswaInbax 90urIS[0) 2INSIJ 0RJINS ) JOMO[ A[[eTIIUOJ

‘sondo o81e] ojqeLojdop UI UOI}O91I00 UOIIBIIOQE
JOJ dATIORINE AJOA ST SO U0 Paseq VdO D1 -7 -




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

