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High-Gain 94 GHz Monopulse Antenna Using Folded Reflectarray
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Abstract

This paper proposes a high-gain monopulse antenna using the folded reflectarray for a monopulse target-tracking
radar systems designed at the center frequency of 94 GHz. In target-tracking radar systems, the angle of arrival of
the incoming wave is determined by comparing the signal received on two or more non-coincident antenna patterns.
This is the physical basis of most target-tracking techniques and the comparison is made simultaneously in a monopulse
radar systems. In this paper, the antenna consists of polarizing grid, reflectarray, multimode feed horn, and comparator
implemented by waveguide. The antenna is able to have three radiation patterns by using the monopulse feed systems
assembled by multimode feed horn and comparator. The antenna demonstrates maximum gains 36 dB, 33.5 dB and
27.2 dB at sum mode, azimuth mode, and elevation mode respectively.
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Fig. 1. The antenna layout.
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Fig. 2. (a) Periodic patch structures, (b) Phase results.
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Fig. 3. Layout of reflectarray.
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(b) Simulation result
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Fig. 5. Simulation results of polarizing grid.
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Fig. 6. (a) Photograph of polarizing grid, (b) Magni-
fied photograph.
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O 7. Cylindrical cavity 7-%¢} TEIll &4 2%
Fig. 7. Cylindrical cavity structure and its TE111 re-
sonant mode.
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Fig. 8. Comparator using circular cavity hybrid.

90

o|t}. Comparator= 94 GHzol| 4 FAslm, w32
32 mmo] P2 v Ak A AR fi“jr. A
A ARL e FL 3] waveguideS AU EHA
Alzvekal, o] F e w2 et ‘ﬂo“?jii 8
S &9 t};. Comparator 3= 9FHe] 47019 porti
feed horn© 2 AAE T, Ao=E W Byl =6 A
SHth S 4709 portz Shbe ARESEA] ol ter-
minationA] 711, W 2] 371+ 7Z+7} sum, azimuth, 71
2] 3L elevation channel 2 AME-E o] 49 A= 2
Wahze AHgET

a9 95 B3 & 4 94%o] Comparator 3] 2+
S-parameter magnitude ZHoll A 8 GHz = thY

Z2 7LAT. st 9@ porte] Al e A 4]
¢l &% portZ o] Sof7kof st Y porte]
A Sol3t 3hele] 1/4ntE E2 porto] A e Alo]
2ol dd 4 i, AR AR YE porte] Al
%49 port® AU/ powerd] %F& —6 dBE 1/40]
HE #E 4 ok

% 109] Yebl Phase delay A3E Ay ud,
port 69 AlE#o]A Azto M= 4719 1& porto]
A B0l HE N5 H”O] sATYLS &g
Stk o5 3l port 694:= 4709] 3= porto] A

P

! Qleh 4= 9131, sum port$]
g ¢ Itk ESAE Aael Apo7h TA S
= 542 Y3l F48 plates 2437 o i),
A port 5ol A= port 13} port 2, port 33} port 47}
EFoln, AR Aol 180°91E U 4

SParameter Magritude in dB.
91

Frequensy / G

O3 9. AF4 comparator®] S-parameter magnitude
Fig. 9. Measured S-parameter(magnitude) of the com-
parator.



Folded Reflectarray=

£851 - # §52

st 7 \ /AN A
ot \ 4 b N i

Y £553 - £ 554

~ :“‘i\:‘_?ff\ /\ \
E 5 \M:f & A
Yy
A0t 1\ [/ \} tf
15 i_t\,,]l—
20F 180 - (£S51 - £553) \;_
= l/'
25 L . .
85 E] 9% 100 105
Frequency[GHz]
(a) g4
=
(a) Gl
80
60} £§72 - £ 573 / |
40 \ o i
2871 -2 S74 ! ,_ﬁ,_/"\_
20 e
et
F o B e
= o e /‘
20 e T I
- /_// = 180 - (£571 - £572)
i e
o B ]
80 L L L
[ il 94 95 100 105
Frequency|GHz|
¢) 4
=
(c) A

o83 310|594 GHz R=HA et

10k 1
i
shi /7 WA R £S61 - 2 562
) g ——
\V T —— [
ok e - b |
\. i N [ |
PR — ‘4’ ™ b 4
10 N b
£S61 - £563 2563 2 S64 1
«15 1
20t il
25 % 3 |I£IJ 105
Frequency]GHz]
(b) g-=Adw]
=
(b) oJ&Ar]
- -
/
al £5B1 - £ 583 )
£582 - £ 584 \‘““
0+ ,/ 1
0 § /4/1{ 1
P
2 L 1
j 180 - (£582 - £581)
At - 1
<
4 - - ;
s @0 9 100 L
FrequencyGHzl
(d = ySje|
=
(d & A

18 10. Comparator®] 94 -5 A}
Fig. 10. Measured S-parameter(phase) of the comparator.

AT A= port 5ol A
port 33} port 4= T3k
2 4w 4tk ol azimuth WY A=
@3}%31 ARE-EH, o] 24 port 5+ azimuth port%]
S < 4 9t} Port 89| A1+ port 13} port 3, port 29F
7} A7y F9Feln, Mg kol 180°9)%
o1&k 4= 9t} Z=F port 801]/‘1 = port 13} port 35
ﬁ}ip it 29} port 45 CI3F &, T S A2 wF
AAr gk 4= gJt} o]+ elevation HFSEY] 9
st ARRE ) o] 24 port 8% elevation

port 13} port 25 3}

= all
T, AL AR WEE Ao
s &

port 4

H 1. Null depth —20 dBE u=55k= comparatog]
R

Table 1. Bandwidth of the comparator from the cri-
terion of null depth(—20 dB).
Port 5 | Port 6 | Port 7 | Port 8
. 90.5 91.5 86.7 92.5
Magninde(=1 B g9 7 | _ogg | ~o.1 | ~976
. 90.4 89.9 91.2 925
Phase(+10 ~1006 | ~98.1 | ~953 | ~963

¥ 18 A2 Comparator’} —20 dB<] null depth
= Aokt L bandwidthel A HHSE=AE Hols
Ed=z 7 T A
GHzE =40 = 3.8 GHz® band-
B8 2 9o,

V. Multimode Feed Hom

e

Ho=Ro oteuto]A] feed horne sum
azimuth ==, 71231 elevation 5 Aok
Stk o]5 Y8l ol 7HA RETE E8-E o YER
= T RE feed homo] E,D‘rﬁ}li}"/ Hesigio ﬂ%
ket mop gl B 1S weldl H

e E4S 1 1% g AU

MR s

= L
REE R

F”I

2 E feed horn®] 3§} 3|
n, B =R AE o83 %5 o]-451] feeding
s 1 Br1H o)



T8 11, Feed hom T-%8} #7]14¢) g
Fig. 11. Picture and layout of feed horn.

J2 12, o2 RE feed home] AFAl 2 AAT
Fig. 12. Photograph and layout of multimode feed horn.
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Fig. 13. Far field patterns of multimode feed horn.
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VI. Antenna Performance
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(a) Front and profile pictures of the antenna

Comparator
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(b) Photograph of measuring the antenna patterns
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Fig. 14. Photograph of the antenna and the measure-
ment.
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