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Design of W-Band Cassegrain Antenna for Beam Steering
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Abstract

In this paper, for the mechanical beam steering of the Cassegrain antenna, the steering performances of the main reflector tilting
method are characterized, and the Cassegrain antenna for the antenna rotating method is designed and its performances are measured.
In the Cassegrain antenna operating at W-band, the changes of characteristics due to changes in the sizes of the main/sub-reflectors
and other structural changes are analyzed to obtain the structural variables satisfying the performance goal. The manufactured antenna
in W-band shows the measured gain of 42.08 dBi, 3 dB beamwidth of 1.32°, 1.14° and the return loss(S;;) of —23.58 dB at the
center frequency of 94 GHz.

Key words: Cassegrain Antenna, Main Reflector Tilting, Antenna Steering, W-Band

I.M B el o3k ey - A e 3 AR Ut

Hol AREHTh olH g B Al Wl o R} 3L

ot L}e] Wl Z8K(beam steering)>= A 7]A Al W Oha ] 23 S27h =AY F20) Zhdsio v, A
3 AAA R W ol ATk ZIAIA Q] HH —?E HEA}LE A W) 23 lolE dEHCRE 4wl St
ool A B¢l W o7 oo 25 WHs Bo] ARG o] WA 9] 7, Aol ol H A wE ALt
of W] wrEks 24y, WA WL HH%‘ oe L} o o5 wrdo] @ol WAste] WHA7F Badh B3t
A 7} Azl FaEE 2S5 Yol A gk FRol AT, 1A Q] el vs] whE ¥ AAEE
zAske W Wk zAstH g m A o2 BaFel = 7K, e BE 383 St #F §lo] W

Fo] AtE statga oA Add Ao oJste] S8 5.,

=y st aha-d A B -8HE (School of Electronics and Information Engineering, Korea Aerospace University)
#3138} & 2~(Hanwha Thales)

+ Manuscript received , 2016 ; Revised , 2016 ; Accepted , 2016. (ID No. 2016~)

- Corresponding Author: Taek-Kyung Lee (e-mail: tklee@kau.ac.kr)

358 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



A4 AT 5 slol 27 2 F2H Aokl 4 A
2 M2 ek olel @ elvel W 2% /)48 e
Bofol ) 45T 90w, 55 BAFHE FolthlA
F2% FA7} 53 9ok 39 ol5A A% £A
F4§ Aotk A4 BEES AAHOR 43t
AFA £E L WP 2] Bio] EE

Ay =

sk AA oIk olels dolth 3]
oA AHEEI Qom, AT Fus ENE s Qe
el 2718 F437] 98] AGFAET A BT

o)
PR

ol FA ol B WALY SHElue] Y 23S SsiA =
FiAbES 712N e FEARE 712 Y(main

reflector tilting) 213} etelvh AA)
+ MY 3] % (antenna rotating) 4] :
Al ol &8, o5 ] 23 etEUE Fdd] 9
atod W-t9(93.75~94.25 GHz)oll A 74l 1a ol eteln}
£ AHEStE BAFA S golthe T2 FAs o)A Y
WA A=, W 233 9l Al AElell A ek
Q] 55 TEstedof gt 7R 1E S v
3 o5 QHUE mlo]AE 5} odGellA 30 dB ©]439] AL
o|5& FHsel &olsti, wAF] £4Ho] Ao,
HHol A77k A2 gAo] ok Edh gEe] Qe
FHALE FA R fRgte] AA YR H4l A E
AAo] Lojsiet. Wl 23S 9t FHARE 712 WA

2

]
to
rx,
ol
ol
s
N
)
ol
o,

o
>
ob
et
=y
o

f

o:
it

< PR §AES TR, FIAEE 7S
W 2Fs o BALEA B 2% fF 72 WA
Folattl. siA e 71 ¢ Aws} Fhe) whe Ho)
S 7kskal

o QG A WA &S Slske] Sy AA
TE2E deke WHLEN 2T A EIY] A4
e 2 FAHY, 2% A% 71AH D A7 537

ol
S
o

B ERANE FuAks 7124 P4 Y 23
BE 54 A4 ol L7HE dE 45 78 7
$42 FANT QHY 34 A2 Fael W 29
2 A7) 913 AGHE AT Aeke T2
Wal mE A2 27 gele BAsEch AAE o
U el gt 49 712 Edhe] QhElUhE Ae,

W 2 A9 Wil R Rl by A

Fubg 729 Bl AR W 2% 0y E
SUE 28 134 2ol FUARE dolE o AATE
of RAste] AL, Y 2FS AHAE FubRS
FES] FU MRS 2K B0l o] WA
2% A 0 Eg0] 2T, 23 BE 7AHQ Yol

ks
m

Ak, A4 ek FAT Hop, AZo] Solsteh, &
8 RARE A A% AADEmE A

% ok 54 W3k WA
W 2GS N3 FIARE 7]

Felv 549 Aste st

T HAbR 71e] A Y] A2 kU Y =
Foll W A" 27 A G
7] $lske] FbARR )&l

o] 52 oF 3 dB 7rAsta, F4< A717F 10 dB ol &
7H Ae & F AUtk &l AZFE T §49]

| | :’ ! Main
. N Reflector Auis
" v

N
L p
\ -
- f )
=: - - [« = Antenna Awis
i o A
1 I" )

J8 1. FERRE 712 By e M TE Sy W
z3
Fig. 1. The beam steering of Cassegrain antenna by main re-

flector tilting method.

359



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 27, no. 4, Apr. 2016.

50 mmm—
45
40 —=—Odeg Vs - | <
—e— 2d Y N "¢ h
35 cg A A
Adeg A N TN
30 —v—6deg [T 7wl i JRRVENL]
25 —<— 8deg 1 \,IIH\ \l \ \
— 20 —— 10deg AT al -
3 [ APOGL TE
o 15 YVl B
£ ol iy Ty
3 I
5 4 SLAH [ \
X ¢ V11 u b "4
o IR R FAY Nl
\ W LA FT \~od
5 / 1 A A
-10 \\ ||
-15
20

0 [deq]

J8 2. A 7129 2o whE <tely siE Hs)
Fig. 2. The antenna pattern variation by main reflector til-
ting angle change.

42
40 .

—m—gan |
—eo—side IObd

8
X

Amplitude [dB]

28

24

20

o 1 2 3 4 5 6 7 8 9 10 1
Tilting Angle [deg]

J8 3. 7led Ao wE Sy o5 3 F]ie] ®Mst
Fig. 3. The variation of gain and side lobe depending on
tilting angle.

Z7kst, olol weh WALstEe] Mt Re) AR, &
371299 47t FAE5E 3 B WEo)

S, 24 AL B Heh FuAbw
189 YAAAE FUAL 718 A B

_0|L
o X >
s
M
[
(B
o
rlr
i
O
1o
N

360

FHALE 712 WA M BAHFA S HsixE T
AP 71 & el e 2370 HstE o Sate], A
FHARE 71 &9S B8l 9ot W R W o] 7t
Sallof et RhARE QHEE Ul A FRALE 7] 2 4%
Ze74 o] #AA = ¥ HAFSIAK(Beam Deviation Factor.
BDF) ZAH o2 3 & ddl 4 ()& 24A F

o} ¥ixtz =7) pe] H] F/pol ths BDF #AE e

I AW A7IM 0e 2FAE, 0,5 71 Aol

F _2
1+0.36 {45]

F -2
1+[45

WA QL A7) 2 Y Aol g AxE)

Futael 7149l BE 297 W
ARG 1Y 45 T 729 AEs) 2
bole] AEA A2 dehha ek oleiw
WS stel Fulg 71290l BE

o
Obo
o
&

i rulm

L
>~

2 (29 2 E7H(interpolation) < ©]
AL AT o E A AT 4 (2914 x
= ye W 2% A4ES Uit

20 ! j ! j !
sl = mein reflecior aX|s\
[ |—e— antenna axis |

Main Lobe Angle [deg]
S

—

o 1 2 3 4 5 6 7 8 9 10 1
Tilting Angle [deg]
O8 4. FHARE B QY FA e 72y Zk w
2 F97%e U
Fig. 4. The variation of main lobe angle depending on tilting
angle at main reflector and antenna axis.



@)
FRARE Sl 71 &l mhE 2F=9] Wt o

st AARIAE 7 59 o] Yehdth AlE# ol el u}
2 AR 34, 7129 e wret Zzte] the g
F e AT, ol PA AFHARl FuAtn 7
7ol 7le el wet M= E}—E— 3 if%]ﬁ 7t o] Wsts 9
vjaet. olo] met o) e FuAES 718
23S 9L M 94 928 m Fo2 W 23
HE AYS Jeri oled wAEHel Wl B
LAE Haskay 1 a8l ZHE T shue e #
OS2 gAISIAY, I A3 084799 FH =&AL ©]
Fhe Qe %2 FE WS A 100 719 W,
o] 23 Wk Wb Sl i oF 8479°7} ke
22 UETh 0|27 £28 AAIAE Ea T
Ngel mE 2FAT) WS St Ashs 4T
Sz Hl A7} 7he sl "ok ey Soll g
el ZP4E & A ol 03 23 2w BAln
712 AEE g gholth webA Qe Sl g A
212 140.8479=1.84797F = o] whAl#-S: FHf 10° 7]
090 A N A
—e— BDF (simulation) ||
0.88 - - — BDF (interpolation)
o ossfl —TBDF theory i
%0_84 IV R el g 4 -1 " g "1 eed
= 'YW ¥/\o¥ ‘/“n‘ "'\
g om 4
L ogol ¢
S
& 078
g 0.76
E o7
Q
D 072
070
1 2 3 4 5 6 7 8 9

Tilting Angle [deg]
J8 5. 71€9 7o) o2 HApQlAke] Hs)
Fig. 5. The variation of beam deviation factor depending on
tilting angle.

=
BX
9‘_1’
tlo
O

Qg w-t o] FHAI2#E Qe AA

L9S 9 HEHY FOoRRE ¥ oF 18479°7F
=13

Algdold S Bal 7Hzhe vk 7]129) ZolAM =
% AAAA H(a,)S I8 63 2] B ofek A
829l W3alel 2ol & YEhdTh 19 604 x-F2 HHAL
7 71e9Y 452 Yeh L, y-3& 2345 (y) S UE
ok 29 72 dhAbgke] 71 e o mE e ] Qat
&5 UeH, 00~10°9] 7129 ZtEel] ok HF A}
© & 0.0487°0t}. A|F7HA] A vpe} Fho| Bkl 7]
29 WA ot Wl 3R 7h7he] whabet 7189 7t
of W& 23 W tis] HolEMo|AE FE5te &
Aol tigk BAE gozH date W 2¢S A8s T

(x.3,) f(.\‘}=afl.\‘+au

> X

8 6. H7hgel 99
Fig. 6. The concept of interpolation.

0.12

0.11
01 0 ® error

L average of erroH
0.09 9 )

0.08 . °
0.07 L) LJ L
0.06
0.05
0.04
0.03
0.02 -~ e .
001 .
0.00 s
0.01

I I ] I

Error [deg]

-1 0 1 2 3 4 5 6 7 8 9 10 N
Tilting Angle [deg]

28 7. 199 Fuel mE 2 eAE
Fig. 7. The tilting error rate vs. tilting angle.

361



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 27, no. 4, Apr. 2016.

qlom, olHe WAL W 2T A2UY BEHS §
Wby e,

22 QIEILE 2T A

HEL} B WS W 2FS 95 TR 7189
WA} e Qe AA TR ARTORA W 2L
st aolth o WS Al hTEl Sl
WS AR ek 7

FHE 119 83 o] AAYE F
zo|ti7 o] HpA | A= FulAlake] AAE AA Y7} E
Ao BN AA ] k] W ote} EA W)

He]
-
O ks

ZA3hed, ket T A Al o] WA
o 3, P 7129 WA e Qe e vg 7]
AR Z A Ao Ezl:_} ;}_% 7HAA Et} &R e o
v 3 A2 A Aol tn) Af=

A, 7=l ] E}E °PE]Ur t&ﬁ} Fglen, 71« 7
LAY e

1>
o o
g
£
(e toks
o
rlr oz
I‘N 1>
o% rlo
FU[O l-'_|CL
i‘l
2
>
Ny
rir
oL

2
>
ol
M
ﬂ
X
o,
N
N

AANE H23teto] ?
].‘— H]-HJ_‘,]_ iaa ZolE

Lo o
ro
i)

2
12

=
e FDE
S 3

3}

F>
Olr

A 8. ey 313 e w2 el I
Fig. 8. The shape of antenna depending on antenna rotation
method.

362

(rotary joint)S AH&-3ke] QHElU 54 =ubte] 3140

2 30 A%E 2013, NAH EREE Haslehe
U 5ol Aok RATALE S WA et 1
2% A 2 Al A5 GstE FHastetolof sl
Z 237 st gk oty siE 9] Wt 43, &
e &2 9l 23] ek ey 31 e A%
dto] ot UE A 2 A 2ok

X A5E 5] st 4 (3), @E ol&ste
W 8 QY o] 55 AAsATE 4 3), @ A& T
g, DE 474, AT ddHU AFHE A7, ne el

&5 Stk Holth gAEE ol FA Y A7 wet
FubAbke] 27)(A7)E 160 mmz kL, YIS FA
Fu4291 94 GHzol A A& 32 mmO|BZ 4] 3)l] 23]
14° 0|3} 2 AAs At L3 el 0] 52 2] 4)o] 9
& °F 41.7 dBi oI/F o E StV £ o] 55 AAsIth

()
brn="p 3)
= 4mnA

A “

L} Aol Sloix FID, WAl 2], 34 914 5
o) Thpg AAMSE] EAst oHd Wl wet
S} EAE0] Washl Btk AL 3 47 W
F ) FDe) e EH 242 A% 7189 A 12
L 3708 Aekel 74 A3, AT Lol7} Ao} 77
97 9 o SANEE A48T 5 Ut 0259 %
2 ARG £, FHUE TARE GFD Us F

-

dolthe] F28 A5el dE o) 50 T JBE B
o WAL wAlEe 3719 FAIAE T2 AA W
ARse] Z7ke] wWae] e QG SAWEE A

Wl e et 54 WskE AuuI, deln 45
A F2 L} o5 WY BE 5L VI
A=)

= 7] EuE AA 5 A Ak



>

J8 9. 7T <Y
Fig. 9. The concept of Cassegrain antenna.

EH%1 4 golthe] A& chelut 3171 $4]2) 7
a2l ey 7= 1" 99t Z2om, <tk A 3L
of Fo@ Wrs AFse £4 4 ()~ 2

8FD, D
32fFD,, — D

0, = arctan

16F2 D} ) } )

S

(
5
D, +4L, tan

f=—1L, 9
20D, + 8Lstan(2) ©)
4a
D =
’ 1 (1672+ D?)
sin(6,)  8FD,, 7
(D2 - D?)
G= )
A ®)

2 5)~(NE ol&ated F AA Wl Fukapate] =
718t FAA e wE Sty SRS gl S8
284 E<1 MatlabS o] &3stdth 1 A= 19 10, 11
3} 7ro] ¥ wkAbgke] A7|(D)7t ARSFE, 34 YA(f)
7t 2R3 TAIA S Bukabake] 37)9F F4 <Y
o) JhH A7)0 whE 219 (blockage) ] GO 2 oFelL
o|5(G)°] FIsItF aste ZEE Btk

o] 5, FAlel gt sfte] Mo M ey o5
o] Mg}t Aotk A bl Y AA glof o] F Wy

= A 1HEste] Fx4Te WEde W =E0

& W-the] 7 29l Qe AA

44
42 r,:-/"""' -
[—=—Ds-G
40 ol =
/ LY
. h
m'
% * Il N,
83
32 ,,’ \.—\
W !Ya
28

0 15 30 45 60 75 9 105 120 135 150
Ds [mm]
O 10. Ak 271(D)el W EIv o) 5(G) bsk
Fig. 10. The variation of antenna gain depending on size of
sub-reflector.

43

o]
42
" ) . —=—fG
.
40 f S
/
39 / \_\.\
= 38— -
kel | -
S 37— .
£ | n
8 36 <
35 T
34
33
32
31

0 20 30 4 5 60 70 8 90
f [mm]
J8 1. 54 ARl o2 QY o] 5(6) Wt
Fig. 11. The variation of antenna gain depending on loca-
tion of feeding.

e

ol
2
o

ke o
i
FE{U

= PO 3 PTD®] s 4™ ARS8 GRASP
Folds olgste + Mg FAlol 2L ey
ARt I A3, v 29 123 2ol
PARZEe] WEA)E o] 7 15~19 mm, 53 9127} 14~
o oF 41 dBi o)) w2 HEY 015

rE Jn e
lo,
rE
ﬂ
]

O

24 9014 A4 A2 F shi) 4
FLIFE olgstel Ay oI5S L AF F W

363



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 27, no. 4, Apr. 2016.

Gain [dBi]

O, o :
lyy
K T
J8 12, F MWD, /) W& QHU o] 593t
Fig. 12. The variation of antenna gain depending on two va-
riables.

¥
N
AR
o
v
X,
ofr
ol
2
s

2
i)

j=s)
_

R
>
u
fd
AC)
g
o
rﬂ;
o
i
= o
o
ﬂl
it
oz
O,

o E
o
o
)
oty
l-l (
o
tjo
o
oo
9 ;
ok

o e oo tb Ho

)
)
e
Ko
AC)

>,
o
N
o

Iz
o
o |y

u

ko

) ot
:(l)l:
B
2
Jo
i
ax oM

o+
=
=

rlo
o Tl
o2
X

B = E

2oy

i i
<
Al
0 _Oa
v
rob
o
2
2 o
1-'0
)
i
L

Mo

£
N

2
o
i
e
i
2
__V&
T
o

fo
Y X
X

2
4,
<
o
iyt
9
N
o3l
of
oSt
o
do = i oy

o

offt

ol I_,SL

o (&

e L L Vo

k1
m{{v o
2
ﬂ: ==

T

s

Rk WA & A7]9F 54
o} S

=

QF .17
kS

K
rte
T

e

HHT'

o
i
rlo

(=Y
D)
o ©
Hu
~
i
2
NN
|l
2
ﬁ
>
il
rx
o

e
=

oy 38 1o @ ¢
.—v-LrE,E

)
Flote
b Ao
o
o
1>
<
i
o
ofo
o
2
(o,
o oft
r
lo
=
-
rg2
)

o o8 A A7), D,
29 2712 e
F_ D
fooDy )

O e

364

T
% —a— E-Plane
0 F\ - @ - H-Plang
% [
20 ”\‘ﬂ T

!

g o O e

-(% e ?"hv’ |“. e |Loeh
o[l MARST [N f ‘*F'E
O MU ' W
20F *{, ‘
30

-40
30 25 20 15 10 5 0 5 10 15 20 25 30
6 [deg]
a8 13. AlEdelAddl mE Sty 54
Fig. 13. The gain property of simulated antenna.

195 ' 1

iy —=— S11

-21.0 n

-22.5 f

-24.0

-25.5 ‘/ \'

-27.0

/I./J’

[ N

Return Loss [dB]

h
\
\

-285

-30.0
9275 93.00 9325 9350 93.75 94.00 94.25 94.50 94.75 9500 95.25
Frequency [GHz]

J8 14, Agdolddd e whatid
Fig. 14. The return loss property of simulated antenna.

1 A3, AF 1392 mm®] A8 2719} 143 mm9)
Zdlo] Aol M d¥ES AAlskth e 3709
0t AAWE st FuRAbte ABFo RN HF
FHI ZLE Q1 FElUE AAS T AAE telue] A5
S rElU AA Z2IQ CSTE g3 A3, Qv
e o] A% 18 133} 7] o] 5 42,003 dBi, 1.3°9] W=
& 7RI BEgE vRAREA(S))0] 73, I8 149 2ol
93 GHz*ME] 95 GHzZ7HA A th&ell ] —19.5 dB ©]3}<]

S 7Y, 53] 24155421 94 GHzol A+ —26.539



aBY %2 IS B 4 otk ABdoIA A ¥ EE
o ZE 49l et 0|53 HEL BE nEago
W, wakEAe] AT E g £ A5 Btk Wl
913} o] 2o Foie A AR o8 FAE A3
£ A g AR 44 2k ol ghet A
Aol 9101 005 mme] 7 AR 4L g AR
2 4% 7hgo] Besit ¥ =R A2 o E 4
o ol FRoAE e SHUE ARt

23 OHYILF HZ 9l =X

A3g T ER QEUE AZe] deiM e A &
A5 7hA ok sh, QFElY 35S f3l 7HHE A E o]
&ato] A Asfof gt ofo what A AE Qe F/dE
I9 15(a)9 2oH, A2 ak= 0.001 mmE #2438} 8
Atk AA A, WA R W EA o] FHolur, 70|
FEU 7H$ 2H Q228 AREste] A2tk
A9 75, 19 150b)% 2ol S8 5t
93.5 GHz*-H 94.5 GHz ¥ $1o1A 5719 F345 A5}
of ey HES ST £ =welA AA 2 Az
St Qe Ve &8 tioo] W-tl o2 YnbA o AR5

() (b)

T2 15, () AZE A 2# 2 Sty (b) Sl &4
74

Fig. 15. (a) Manufactured Cassegrain antenna, (b) The envi-
ronment of antenna measurement.

WS AT Wy JHATLE QL <Ml A

i ESRSEEESESE
40 A —=—simulation [
” [l - @ —measurement
|
20
@ " e 1/’ o ot
S et e T e
5 , X R L
10 Laf NN \ o |1 \ﬂi
VT W r\
20 '\;,
-30
40
30 25 20 45 40 5 0 5 10 15 20 25 30
6[deg]
O3 16. AlEd el A el dieh SAH] 2 (E-

plane)
Fig. 16. The gain property of simulated antenna and manu-
factured antenna(E-plane).

40 L,
ji \‘ —a— simulation
30 H ® - measurementH
20 )
= 10 nmd n m
@ p [
kel L v
c 0 ‘w;\é 2 ! N
S N e : . o p¥i P A
8 10 Al .' ' :" \"1. ' ."jﬁ:“
i I . e
| i | h |
-20 : I
=30 I
]
|

-40
30 25 20 15 10 5 0 5 10 15 20 25 30
6 [deg]
2817, AgaCAF AR el g S -
plane)
Fig. 17. The gain property of simulated antenna and manu-
factured antenna(H-plane).

© TR 22 Fu)7] wd, ey Y &
Aol ool LA A (far-field) 2] SH o] AH > FARE
A S (near-field)S 43t AALTOE HIIA
o} Eok, QeI HhAREA 9] S| Qo= 71E9] 50

365



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 27, no. 4, Apr. 2016.

-20 ' —'-—'sim'ulationl H—
o ., —e— measurement

g » e

“ ol £ NN -

24 s A vl
., AW e
S L AN ps
8 "
K8
£ 4 h (Y|

-32 f

2 o

9300 9325 9350 9375 9400 9425 A5 A5 9500
Frequency [GHz]
J8 18, AlEdeldZ AZE e Yol digh WAREA
EAu| 7
Fig. 18. The return loss property of simulated antenna and
manufactured antenna.

1. AZE ey A3
Table 1. Result of the manufactured antenna.

QMY 54 °]% [dBi] EEAN
Ex A5 419 14
AlEgold 2
42.003 1.3
(E, H-plane)
E-plane 42.08 1.32
274 A%
H-plane 42.08 1.14

GHz =% VEYA E4)7]d| Extenders A33le] 93
GHzHH 95 GHz7HA 23S 28319

71 A3}, B-plane kol A ] et JHE%,] Ao 1%
1637} 7+o] =4 F3}42¢91 94 GHzol A ©] 5 42.08 dBi, ¥
Z 132, —1947 dBS] F-#@d-S Btk 500 MHz the
ol &4 7%42 HQHS w) 9425 GHzoll Al 42.56 dBi
o A o5& Hom, o WolA 140 o]3te] W%
< 7Kt EE?}, H-plane 3ol A ] Stellvt sjed o] 79
a9 173 o] —16.92 dB4 FAgd S BoloH, W
9] 7% E-planeith B F2 1145 Yehidth 544
S HE w o]2 2 AlEH o] AR} 7o) o SH
A FARe S Btk

366

9 18914 wiAREAS 93 GHzYH 95 GHz T34
el Al —20 dB ©l&te] #t 7HATh FAF T2l 94
GHzol A whAlEA S —2358 dBO] 72 7HAIM, 94.38
GHzol| A ¥iAREA S H 47} BlH, 33711 dBOlth Al
dol Az SHATNA 4 WAEAS 9425 GHz 21
ol A UehdH, 93.75 GHz-E] 94.25 GHz7HAl 500 MHz
oM Z8 whaldael —15 BT W e U=
sttt SR AFe] Fabg A2 AlEd ol At B3|
025 GHz A& &2 FaollA vehdth o+ 253
F7F WS o 2w E&
7IAA 23%157} LA,
57 Aol ME AR Helth 6} M 93 GHZTEi 95
GHz7}A] ¢] WhAREA E*é o] frAtet HE S YER|Y, &
TEHE Aes W :

W-t oA 7 QteUE Ul HEJRE & <L)
UE AR A AFAAE TR Q1 SHEL et
=98] Pickett Potter Horne -8+ 7hA Z1& Q1 SHe| U7}
ATk o] =l A A 9 A AE QU] A =l
g 9] 7|E tHUe] A Hlaste 5 e
e L ¢ gt

mz e

B ERolqE Wldol ) A48 dojthe] AL
9 AT FEUE AA 2 A 4R
AN £, BAFAS 9T Fubaw 7189 %
A3} Qg 84 HA6 B e EAEsE
S, 77ke] wae] mE SHEY A 5L A
9.

Fe} TE A9 A, 7129 HE ek B4
W 27t Wsle) AV} gl QE B4 A A
Hetglon, olo] me FhH1eel et AA 2 A

2=0

At Al A ZE Q) Ve AT 94
GHzol A o] 50] ¢F 42,08 dBi®]a., W=2] 79 E-plane
Hhgkol| A= 1.32°, Hoplane Wakoll A= 1.14°¢]th FH
ol SLLE] 7%, E-plane W3kl A= —19.47 dB, H-pla-
ne WA ME —16.92 dBo|H, HhAEA 9] 79 —23.58
dBO] ¥ 45 YERSIT



References

[1] Zhitao Chen, Junwei Liu,, and Lin Li, "Design of sca-
lable beam steering system of phased array radar", Radar
Conference, 2011 IEEE, pp. 1153-1156, Oct 2011.

[2] M. Zimmerman, S. W. Lee, B. Houshmand, and R. Aco-
sta, "A comparison of reflector antenna design for wide-
angle scanning", NASA Technical Memorandum 101459,
Feb 1989.

[3] Kurt Wiener, Paul Kennedy, Daniel Otlowski, and Bran-
don Rathbum, "Using a two plane spine balance instru-
ment to balance a satellite rotor about its own bearings",
67th Annual Conference of Society of Allied Weight
Engineers, Inc. Seattle, Washington, pp. 17-21, May
2008.

T’:X], 20(4), pp. 344-350, 20092

[5] Hongfu Meng, Wenbin Dou, "Design of diffractive Ca-
ssegrain antenna at W band", I[EEE CIE International
Conference, 2, pp. 1176-1178, 2011.

[6] C. A. Balanis, Antenna Theory Analysis and Design,
Wiley, 2005.

W3 F

20149 24 =it F3AAy
st (3

2016 29 @=dgista P4
Byt (F9H44h

2016 2€~¢A): LIG NEXI

[ 2elZOH ol qheln, W 23]
2
=

g

iy
S
N

E

st

Z2&S gt w-ule FhA g el kel A

[7] P. A. Jensen, "Cassegrain systems", in A. W. Rudge, K.
Milne, A. D. Olver, P. Knight (eds.), The Handbook of
Antenna Design, Volume 1, London, Peter Peregrinus,
1982, Section 3.2.

[8] C. Granet, "Designing axially symmetric Cassegrain or
Gregorian dual-reflector antennas from combinations of
prescribed geometric parameters,”" [EEE Antennas and
Propagation Magazine, vol. 40, no. 2, pp. 76-82, Apr.
1998.

[9] C. Granet, "Designing axially symmetric Cassegrain or
gregorian dual-reflector antennas from combinations of
prescribed geometric parameters, Part 2: Minimum blo-
ckage condition while taking into account the phase-cen-
ter of the feed," IEEE Antennas and Propagation Ma-
gazine, vol. 40, no. 3, pp. 82-85, Jun. 1998.

[10] 394, 999, AAF, "EAGA ABAAE Wil

o FHA Q1 SRy, gh=rtAb el s e Rl A, 9,
pp. 101-108, 2006%.

[11] Enrique Nova, Daniel Rodrigo, Jordi Romeu, and Lluis
Jofre, "94 GHz Cassegrain reflector antenna performan-
ce characterization", Antennas and Propagation(EUC-
AP), 2012 6th European Conference on, Prague, Czech,
pp. 3442-3445, Mar. 2012.

I F &
2013 29: Stk oigty S E Ay
gt} (F3HAh
20161 29: F=rpuistal FeAAy
g3} (AN
[ ZAZ0H deold, ey, AnEE

¥ 5}7](OMT), EMI/EMC
‘m.

367



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 27, no. 4, Apr. 2016.

1983 29: It Ay et (58t
/\].)

1985 2€: = r|ed A7 3 A4}
B3t (B

1990 2¥: s=3t71ed A7 ¢ AR
Foksh (2o

19901 59 ~1991'd 49: Univ. of Texas at

19983 29: o}F sty AAEs (&
8tAh

20109 29: o}t el ARt (F
8H4 A}

1998 1€ ~20153 69: A S XF
FHATY

2015 79 ~8A: Sy AF) 4

Austin, Post-Doctoral Fellow -
191 99 ~1992'd 2¢: =37 |ed ARAAATFA A+ [ ZAZO0H S, AAs #A814 5

!
20019 79¥~2002d 79¥: Univ. of Illinois, Urbana-Champaign,
Associate Visiting Research Professor
19921 38~ @A =Falstal FFAAYEIR g
2014 19~2014 129 : SR o}eks) 5%
[ 2420 S, phol 2, doleh, 948 e

o
oX
o

19929 2¢: stgfsty Axg s (3 2001 2¢Y: S=reky ol S ARy
StAh) g3} (e
1994 24 =8y led A7 2 A 20039 2€: =yt gAY

A48t} (3844
1998 29 d=#8r1ed W7l 2 A
Ag 8t (T
19989 3Y~2004d 2 S=FAAEA
A7 YAEWEATE A7 iAdLIE
20049 39 ~EAl: =gty FFAAGEFET AF [F HAZOH ey, AApsiA1s)4], Hojh A28 &
[F HAZ0H WAz g PvE g 5, 75 27 314
g A7, EMVEMC W3 7], 128 S%7] 9
U AA, 914 Al Y, A 3] 814

3tk (F3H4Ah
20029 11€~20153 69: AA
) AeATd
20153 7€ ~EA: I F) AFE

[

re

Jlﬂ °l
N
k=
i
v
0

368





