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Fabrication of the Capacitance Controlled Active Integrated Phased Array Antenna
and It's Scanning Characteristics

ek £ - mEE B A

(Young-Kyu Choi *

Beong-Geun Nam - Sang-Yeol Shin)

Abstract — This paper deals with extending the variable natural oscillation frequency range of an active integrated FET
oscillator. In this paper, we conform experimentally that the variable range of the natural oscillation frequency is
expanded about three times in the oscillator controlled by the varactor diode. When the frequency difference is given to
the oscillators in the two element antenna system, phase difference appeared between the oscillators. The 2-, 3-, 4-,
5-element patch antenna arrays are composed for the beam scanning experiments. All the above patch antennas show
good phased array characteristics. The range of the scanning angle is about 30°, and the radiation power is gradually
increased from 50 to 200W. The radiation patterns are sharpened as the number of elements is increased.

Key Words

.M B

wo] AR wko W mElate] o] § At EE Fuged o
gtA A vlelz ot DEnEgde] n&FAl, 1E5HE
E o] Bolo] 203 AFAAR FEL wm goil-4] x
N2A2 AFdd nFEs) otHuve) WAEY nEdie 7}
w7 gHYE P& SFelivtE e el
(Antenna array)2 7439 2 95 FHAANA FA43=
BHg ol &3ta UrH5-8].

ol w9l Tz FETE ol 43 X
ANE Argsta od9-12], FETRIeZ2E IH 939

5

L
5

SO b ETE WS Fobd WEY BE AYA W
1e 9e 4 & vl duh
B EpddE FE A8Y 2N vidE goles

p
LTl
r-{n

2AGoZA 2F B2

LN
e
O
o
o 8

gz §%e F5 7}

3 ede ARugth AES EdQ Al
o o

2
o HFupololx kol T FET 22719 n§ #3155
F9 wste] Hated, AVFT Fol v thole=s 3
2 g&sl AT & A 439 278 AW ny
He #3959 7l e ¢ F Atk

WA, FZ ARY FETRA7)S ARTE 3o vpoy o

t o ZAAA E g B FEAER EFISM, 1y
E-mail ! ykchoi@silla.ac.kr
« [E@ B AR wasa
BEHF 0 20074 64 8H
&EET ¢ 2007 8F 9H

e

A
(=]

i

8Y x¥Y 55 UN ujY olelctel MALD WA Wy T

I

Active Integrated Oscillator, Array Antenna, Oscillator, Power-combine, Scanning Angle

A71E Azstel ha wAFR5e W
9 3% 7}—%.—*; 1o oAE gAsgth 2eln wg
12719 9% Q8 ZHs] vg 5
o FAREAR Sasm, 249 2ol ARAA Foe
& Rolgted WAy Alolol 94zl wAsE AL AWA

oz gas.

N vhele =g ¥ WAl AL IE BE
o, 384, 482, 58& olHel® Ay WAt AR F
Adde NG FAAEE SASS AR WG &
Hust AEAA 4R MAERE #3 JeAE Adu

skt

1 2
— e B

Yo Y Yo

oo

33 1 vie HANE MHEM2 7182
Fig. 1 Equivalent circuit of the transmission line which is
connected parallel by admittance Y

1807



BRBERHNEE 56% 105k 2007F 108

HdE toleEg M
291 s vaE oo
2 2o §%& d8AY £ FE T AA
o) W% §14& FETS wlolojxol Hatd Vol ofsiAE
A & vk 2@ 147 wAE tolesd oj=mEs
¥g E4ojEnda v dAddze Waw & A,
srtslze Aagge

SRS
ARV

[l
ok
i
e
A
P

ro HU
o fr i

a8

o

B

9

3o
o
-
4
B

1 [=Y 2y,

[S]—TYOLYO —Y} o))

2 gt q47)]A Y HHEgE tolexe oEmEaz 1Y
He L3 8% 0o Aau&olt

EAQdAE A 5009 HEE Y, =002[S]e]n= HHALA S
Sll(z 22), Ti”l'zﬂzl:sm(=sn)% 7—]'7—]’

} 1
— 625+ ]25(wL " C)

S,,= @)

1 2
625+ (u)L— -w—-c-,)
I 1

1 2

Sy=

3)

o] %U}. HAE thole=o Ay YA MF wAtst
EAlOl Au $4e nldH dole=9o &3 Col ¢
3 %‘_E}E AnNe & £ Uk

Duriod5870 71 B (F70508mm, Hl-FA& 233)22 50Q9
molZZ2AEY MZ(F 152mm, Z2°] 50mm)E A&ete ul
A B tho] 9 E(V,=0[VIo| A 1.344pF, V,=30[VIellA 0.445pF)
2 A&d 3 S-IdEE 289

ulAE thele =9 Lge FH7
A3 AL s, 00 E 4 e
L=23[nHIZ AL o, Fo5 He] g s, %Z*ETJr—E—
¥ 29 2} 2w BAVIR %%‘ T Syl whel=
2EY MR Asde] xEH Vb O[VIsk SO[V]Oﬂ
A 8,9 HAAE XS Hli’-fi} Axs 29 3o RErh
EA AN Mo YAa-e 97GHzo A 00280 Mt o] ]
AE 0041 Mgk tha Arb dAsd ey 1 dde v
e To]QEE LI C Boz ZAE f e Aoz A
A,

ke

3. wmIe AT

s7|54

3.1 WHI| M=
T %63 FET2A71e] vtde tho]e =& Agste] A
A w2718 29 49 BACH FET &2 @3& 7]3

1808

Experiment =~ ----- Theory
1
T -
R
Frequency [GHz]
(a) V,=0[V]
— Experiment =~ ~---- Theory
1
3
=
—4
2

Frequency [GHz]

(b) V.=30[V]
a7 2 8,2 Ol2A2t HFX|e H|I

Fig. 2 Comparison of theory and measured value of 3,;

—— Experiment

0.1

Phase variation [z rad]

Frequency [GHz]

a7 3 atgste| vl
Fig. 3 Comparison of phase variation

THE g0 A FA =A F&3n, F 02mm3] uho
o HEZE ol&3te =Rl AlE B uidE thol =4
T3 AAF violoj2g FF3GTh wtolols HRE 1/4
A3 Yo WA 1/49Fe] 2AY & A(Radial choke)E A
X et nFue] JFE AgEgt. tE 2 LAd I
A f dlolojze] A3FE Y] YA e AR{ AR 27 3

& "esit Y PR 20 TES ARAY
f2oAt 14shgel Zolst westy] e H2st AX
A A B ¥ ATdAE slelaziEy Az
06mm A& A3 pFe) FEFE A& AR AA



DC Bias Line

Drain

L 1
Input port Output port

a7 4 HEE AUS 22X & wXIel 2= (THemm)
Fig. 4 Loop feedback oscillator controlled by varactor diode
(scale : mm)

2E FAHY. FE Zol& 97GHzol A AW E7T 4
Z HEE ath AR 2Rz FAEEYE 19 bl
Bk vEE tee=g ’JJ%H ®e #wx)e s
HE 50MHz %oy, vhE thejle =g A Foe vV,
VosE AT 2N 2 A dag AASEARE EXF
48 170MHz7HA] H8Ad 5 gl 2H1E2 e
2dzED ZYHYon WHPHNE 22 YUY

® Vgs=-0.1{V] 0 Vgs=-0.4[V]
m V5=—0.8[V]
9.9
~N L
pu g
S
Z 98f
Q
C b=
[h]
3
(o2
o 97+
L
0 10 20 30
vy [V]
(a) frequency
® Vgs=—0.1[V] 0 Vz5=—0.4{V]
m Vs=-0.8[V]
30
E 20} Output Port
o 5
3
a 10f
C3> B input Port
ol == —3
0 10 20 30
Vy [V]
(b) power

a8 5 Yrrle &4

Fig. 5 Characteristics of the oscillator

Trans. KIEE. Vol. 56, No. 10, OCT, 2007

J, TUREP, 9 F
4571 BANAM Y TATﬂ
Q.. 5 Adler®] w7 2|[13]] 4]

,fin_fllmax_ 1 7z, G)
A
of Erf. FYFI7F Loyt A& AAgEAM FHAEA
H4E FaNA FAF7IAA Hejur] HAe FAAZAY

< FA4sATh

29 69 Ade 93e FHES FHAE FHA =

Aolth, Z-ANA (£, = filna 7t FL et 4 W] A
ey

A3, YEXEAA F4E B AF Qe °F 6156,

Soq 98 329 A7 Q % W A% 03
oz JQEEE Fd3te Aol 2877 A2 o
$9e #A%D dos AT T+ A
0.6
o« 0.4}
B X
=
0.2}
%02 T o o002

| fin — f1| [GHz]

(a) input port

Pin/Pl

Ifin - fll[GHZ]

(b) output port

a2 6 FYUET|ISH
Fig. 6 Characteristics of injected synchronization

1809



BERSEH RN 56% 108 2007F 108

#N

i F ot Rl ZEtAef M
Fig. 7 Composition of array antenna oscillator system

ag 7

4.1 Hjd clefLiel o

TEF SHUMES F= A8 2V 73 HALHY
g o]t 18 7Y FAAY. F= A#Y FET ¥d
19] EXE AANAHUE HET 2 Aloldl
o A7 JHEES AFATY] Astod WFALARIE
Adarth. 21719 YEEEE JHIEY E¥o] 4E
Bl %< WAA G=F AFe Ao LTI 27
71€ -14dBE HEE AASAT AdHUYENE G5 29
GelvE floy ZF dHu AR S HYdEe 2F =
o7] st} drld= WFY AFVIE AP ©E 2

‘7‘171«1 dHEES} A AT
A EE 50Q # T4 H AFge
FoAA 1A% 2ol & A

N

r

i

WA #0e A5 A

1718 o] &3t 23|29 Ato]d]

£ ofol&dolH g AU AL AL Bmmz H2
w7) Aol AFdEe Yol BE WAy NHFYAF
BHrg QANAES W AAR PAPFFol FATFE T

>

i
[m o ﬂijg.\}ﬂl-l)'rﬁ.
ox

19502 Fag
A g BAY ZRE

m

FE 03 2E 19 Y EY

ol AE F&Esa TR Alolg) ARA Apl=¢,—¢,)E
233, 27 #19 €89 A3} E ASE ﬂﬂuﬂae
RE 19 H&sidh

42 ol otejLie| SxEN

w7l 191 FET Aol V,s=35[V], Vge=—04[V],
V,=15[V] & o, ¥JFse [, =9.774GHzA M &0l
184mW oo 2 9x7]#09 £¥H& 184mWE X33

ohoER7 1) FRER AIE FolsE wge w141
o RAFRE f=f+4 E LR, LAV 409 FAE
f=hH-4f B WHAAE S, WA 408 FAF [ &
D4R BRI 418 DRFHES, =f,+A § HBATE

1810

Hiol gtk WA W

o2 ZA% AAE 1™ 8 B
. &9He A &9 184

2

z

mWE FASHAT. A%

A AUAF 2HHE Fol7] g, Af=0 4 9 Ap=0

of IS Yeych Wyl Abole daxte —0.85mo)A
0.8277h7 WaHT #W, 27 £09) FRFE f,=9.774

[GHz® 2R LAV £18) Voot V, & 233 A%
# 2¥4E A T‘XP A e 2Y8H A YA 3}e
EAE Yeon, 2y Aol §dAE —0.52m90 A
0.597 72 WHE & HH%’ g &1 AUSS FAstAT.

Al xwrad]
[=]
T

I
—

-50 0 50
A f[MHz]
(a) phase
5 ¢
2 5 \“"“.—nﬂ"'./
3]
a ] .
©
® X
5 0.5_-
E |
2 1
0 ! A 1 L L 1 L i n N FE
-50 0 50
Af[MHz]
(b) power
a7 8 etk uid SEEM(UZRT|#1 : 97742 GHz,
LRI #0 : 97742 GHzOIl A — A 2HE Bi3})

Fig. 8 Characteristics of phased array operation (osc.#1 :
9.7742 GHz, osc.#0 : — Af from 9.7742 GHz)

ZF 884 <tHvY RAFIo5e] stHE e F4o o
A= E B FARFE AASAT. HY Zzbe] dAle
He) Hof FAAHe] Zb dEH A BYEA HEE @A
71409 EEAEL 2AAAT. RE mldore V&= o
42[V1elA 50[VIE9, V,=-042, V,& 50[VIlA 15[V}
2] WY AlojolM ZAEHUL FTELEIY 41, #2, #3, #4
o IfFHpe st WY T4 FaR5E 971GHz 422
2 w7 409 2AFH,E FY8A 971GHz 2 4
et ANAe] WAE RS AW FAAHe] AHY#0, #1,
$#2, #3, #4 AN FLFA H=E W7 409 EHAHS
245mW= 8ttt 243 2, 3, 4, 582 gty WAl
He o9 99 BT Z wiE 84 <t wAbsiE ol
7t A T2 AL TUE FHERA A4S Sof e £
Wk A7), ohg g ey, JlE gdeM e Edad
WAL Bo] Yoz Agdn



o #0 o #1

o © &

Radiation Power (W)
S

Radiation Power (W)

100

J
o
=3

0
Angle [degreel

0
Angle [degree]

(a) (b)
16, H0 ol af2 sH#3 ofd
z z
R 52
2z z
: L
& ol )& ol
~-100 Q 100 -100 0 100
Angle [degree] Angle [degree]
(c) (d)
OB 9 oiy oiHol ZEE 174 ote(uf ZrAlmfE (a) 2,
(b) 3uHd (c) 46, (d) St
Fig. 9 Radiation pattern of single antenna element (a) 2-
elements, (b)3-elements, (c) 4-elements, (d) 5-ele-
ments

0ok

bo| FAp A

ity

5. SAty

B #09 FH4E 1AL FESEHY W1, wE

ul 43, wldude] wiolol2AY Vo, V, B Alolsto Af
= wmzm. F05a AFE 022 § AL 7 @47
2l AgAIZl Aol tiste] Y 100 20, @1l 3w
d, 29129 4uig, 13130 5uiE e WAL E S EAT W
AF SRl A ghEL Abe)o) f)ARIE s HdRE 4
E3A. 2 g ase] WA, 94, BAERES 4%
A4 X179 2o,

® 1 AR eSS SAISSE YA
Table 1 Radiation charactrtistics of phased array antenna
Z,i 2k HIA} =
7§ (] Hol-}\]—z]-(") -?4}2}7"]’ o] ]'Ea(ﬂw)
LA (Af=0 71%)
2 84 -15.4~13.2 (28.6) 0.94n 50
3 24 -16.7~12.3 (28.0) 0.87x 70
4 A -115~159 (274) 0.76m 165
584 -13.6~126 (26.2) 0.74x 220

delsiAhA TALE o
Adat wdF2e st

g g A7t 2rE4E dialzte
27}3}'* Ao Hol HAHoT
ALE & F Utk

F9, S5 E AL L, W3, A F
348 nHAT A7 408 FRH4E 2SS & & 9
A7 PAAE L 23 ARAAE AN Bevte) gaE
He g ERAT AAHA FAEHL X1 5I 2

o elelLtel HMAD WA WY Tt SY

Trans. KIEE. Vol. 56, No. 10, OCT, 2007

¢ Af = —37[MHz]
+ Af = 42[MHz]|

5o > AF = OIMHz]

Radiation Power [zW]

Angle [degree]
(a) radiation pattern

Scanning angle[deg.]
[=]
1

A f[MHz]

(b) scanning angle

a8 1024y 4 & EM(CHEILIHFT - +Af BB
Fig. 10 Characteristics of 2-elements array (antenna #1:
+ Af variation)

¢ Af = —50[MHz]

o Af =0[MHz] & Af = 45[MHz]

(o]
o

Radiation Power [uW]
[¢>]
[}

Angle [degree]

(a) radiation pattern

Scanning angle [deg.]
(o]
T

A f[MHz]

(b) scanning angle
a7 11 3Ees S5 SEM(HEHHFT, #2 +Af HED

Fig. 11 Characteristics of 3-elements array (antenna#1, #2
variation)

1811



| BEBERE 56% 105k 20075 108

o Af = —41[MHz]

o Af =0[MHz] & Af = 40[MHz)

N
o
o

100

Radiation Power[uzW]

Angle [degree]

(a) radiation pattern

Scanning angle [deg.]
(=]
T

A f[MHz]

(b) scanning ang

a8 12 4H R4 SEEM(HELE#1,
12 Characteristics of 4-elements (antenna#1,#2,#3 :

Fig.

+ Af variation)

o Af = —42[MHz]

le

#2, #3 +Af H3E}

— 200
= [
3

)

3

<)

& 3
c 100
2 1
8

5

@

(o nd

o Af =0[MHz] a Af = 32[MHz]

Angle [degree]

(a) radiation pattern

— 20
(o]
o L
S 10t
(2]}
a -
& Of
o n
C
é -10F
«© 3
(8]
[7>] _20 : 1 s N 1 ] 1 1 2 2 1
-50 0 50
Af[MHz]
(b) scanning angle
a3 13 5des & SAM(eHEILIA, #2, #3, #4
+ At #s}
13 Characteristics of 5-elements (antenna#1, #2, #3,

Fig.

1812

#4 : + Af variation)

6.2 2

4 $Z A28 FETR/|E A4 wde
Zshe 9ele 83 54D AT Fal
gAug. A9 Asd @ AR v
WHE PAROEA FYROB ANA D FHol
o =YL uw-m thol 2=

oX olo
5 F
M
oo
r‘E ofh

zAME A3, vhAE tele=e] e Ade
b e He Wl La <
50MHz AEgout ulAE tlole=a 4r¢g
Vigs©l 945P Aoz 28AH We A7
F5E 170MHzZAA 39 o3 W& ¥ ]
AR EESL 2719 AR QF LA EIAV S

=) 5

¢

R 1 S

L ook rff B oox
I‘E tifo > ¥ o

J B3 542 dehls 3¢ FAstdnh 288
A WAEHS 24T A%, FaA APR
A¢e T ¢ AYTH W71 AR e H
&, 424, 584 dELE wa}oq
19e AAT A%, LTt FHE
A&l FHstEA A Eo] AT AYA
A 54 1 el FaHd

o FARE Wgol AT FER FoF FbEg
g 84AE A% 2 g SEY S 795 2 o)
@ E40 28 FHE AY ATE YA AFelD

S

|

[1] J. Lin and T. Itoh, "Active integrated antennas”, IEEE
Trans. Microw. Theory Tech.,, vol 42, no. .2, pp.
2186-2194, Dec. 1994

21 R. A. York and T. Itho, " Injection- and phase-locking
techniques for beam control,” IEEE Trans. Microw.
Theory Tech., vol46, no.ll, pp.1920-1929, Nov. 1998

[3] T. Ohira, ” Microwave signal processing and devices
for adaptive beamforming,” IEEE AP-S Int. Symp. 2000
Dig., vol2, pp. 583-586, salt Lake City, UT, July 2000.

[4] K. Chang and C. Sun "Millimeter-wave power-
combining techniques”’, IEEE Trans .Microwave
Theory & Tech.,volMTT-31, no.2, pp. 91-107, Feb.
1983.

[6] L. W. Mink, "Quasi-optical power combining of
solid-state millimeter-wave sources”, IEEE Trans.
Microwave Theory & Tech.,, vol. MTT-34, no.2, pp.
273-279, Feb. 1986.

[6] H. Kondo, M. Hieda, M. Nakayama, T. Tanaka, and K.
Mizuno, "Millimeter and submillimeter wave quasi—
optical oscillator with multi-elements”, IEEE Trans.
Microwave Theory & Tech., volMTT-40, ncb, pp.
857-863, Nov..1992.

[7] S. Tanaka, S. Nogi, K. Fukui, and Y. A. In, "Crucial
factors in power combiming by oversized cylindrical
cavity multiple device structure”, IEEE Trans.
Microwave Theory & Tech.,, volLMTT-37, no.ll, pp.



1755-1760, Nov. 1989,

[8] J. Lin and T. Itho, " Active Integrated Antennas,”
IEEE Trans. Microwave Theory & Tech., vol
MTT-42, no. 31, pp.2186-2194, Nov. 1994.

(91 J. Lin, S. T. Chew, and T. Itho, " A Unilateral
Injection-Locking type active phased array for beam
scanning”, IEEE MTT-S INt. Microwave Symp.
Digest 2, pp. 1231-1234, Jul. 1994.

[10] J. Birkeland and T. Itho, "Two-port FET oscillators
with applications to active array”, IEEE Microwave
Guided Wave Lett. no.1, pp. 112-113, May, 1991.

[11] J. F. White, "Diode phase shifters for array antennas”,
IEEE Trans. Microwave Theory & Tech.,volMTT-22,
no.6, pp.658-674, Jun. 1994.

[12] A. ]J. Seeds, "Microwave photonics, Microwave Theory
& Tech.”, vol. MTT-50, no.3, pp.877-887, Mar. 2002.
(131 R. Adler, " A study of Locking phenomena in

oscillator”, Proc. IRE, 34, pp. 351-357, 1946.

H o 7(E Xk £)
1955 8¢ 26¢ A
1988 RESHAE) qatd 44}
19929 3 Wi FEhAL
19924 ~1995d 3 H FFo|thEH(Y )

AAE g AL 7A

19983 ~ @A At AxFEH wp
FRATEF  FEAAN 2" HA, 21
F3 tjute} 24 A,
MMIC, Aztzt 814, FEaz, FAEX
SHe L}
Tel : 051-309-5622,
Email : ykchoi@silla.ac.kr

H Y 2 KR

1983 1steisim AAF e shA}

20034 Folrism WAt A4}
20049 ~ A AT herd A7)EA 2
38T A5

19973~ 84 HAARFARLGET TA
FAATRE : AR HY, BF B
W E e, RFE o 8% tAg $4, 47
A%

-

8Y ZHY 55 UM wY oL AR WA YE FA 54

Trans. KIEE. Vol. 56, No, 10, OCT, 2007

1998 S gt w M xFsta} s}
20049 FA Ut ARFEa A A}
20073 AlatdiEsn gisd A7EL8 4
2e 33 AR A egF
FodFEok : RFE o]43% txd EAl,
HAAZ, FoH AL

E-mail : greenism72@hotmail.com

1813



