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Design and Implementation of X-Band Oscillator Using Compact Hairpin Resonator
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ABSTRACT

In this paper, oscillator with compact hairpin resonator is used to design the local oscillator of X-band radar system.The proposed hairpin
resonator is minimized by increasing capacitance of line end of conventional one. By this method, size can be minimized about 40%
compared with the conventional resonator and also can improve phase noise characteristic. The result of oscillator using proposed hairpin
resonator is measured in oscillating frequency of 9.05 GHz, output power of 2.47 dBm, and phase noise of -101.4 dBc/Hz. The fabricated
oscillator in this paper can minimize design and it’s planar structure makes it easy to design MMIC.
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Fig. 2 Equivalent circuit of the novel resonator
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Fig. 6 Simulation of oscillation for small signal

1134

m1
freq=9.005GHz
mag(S(1,1))=1.811

m2
freq=9.005GHz
phase(S(1,1))=0.039

E 100

mag(S(1,1)

100

TR TN ST
[
((1))g)eseyd

freq, GHz
a8 7. BAAIE(STH) AlZe| o] At
Fig. 7 Simulation result of reflection coefficient(S11)

£ MieF

T TL3
Subst="MSub1" Subst="MSub1"
W=1mm W=1mm
L=I_cmm L=5.6mm {1}
MTEE
d - — Tee2
1l Subst="MSub1"
A Wi=1mm

08 8 &ACh FIfAES MEMEZZE HEt
Fig. 8 Capacitor convert to transmission line

freq 9.000G! ﬂeq

5(22) 1000/ 141.045 S(1,1)= 0991/ 139.907
C=8.000 I_C=4.810000

|mpedance %0 (8.327E-17 - j0.354)| = 70 (0.005 -0.365)

»o

freq (9.000GHzZ to 9.000GHz)
O 9 g MEME o]
Fig. 9 Length of open transmission line

U SAlE Aatox] wHAs gldHsaE A4
el Alo|Extel] Aty JIEEE 2 #go
SAER WD 9t 29 10& HeaA <
£ AFMRE Agkelr] g dehd dAsAEet A
, RFCE2 743 32=E vepd agolth, 19 10
o] AEARet shee <l 0.24 nH7}

)
fil
ﬁ N N
i)
o

o 1%



wA7)e) AA 2 T

of Hz2 TAY ¥ vetd dsdze) Zols s
AR (FRA AGESE 2uAFE el edEsy

QA gl Aol o}b Aoltk. 17 114 vehd
upsh o] were AgARel Zol7) 115 mme A
32 el z;% Jolels e e A

g 434 ARAEE A
Ft we A% A ALEs
E3slo] e HE e 3 o,

> 510 = o 51 2] A=
BNl H o] GRS Folof o] wie] AdHE
= =] A=) o =]
ﬁi‘é‘ O]%O]'Oq DC:E%E /}—;']_7:” o]'%]\ﬁl-.
— MLEF
L4
Subst="MSub1"
W=1mm
=56 mm
e MLIN MTEE MLIN el
Term 1 o SRL1 5 Toot T SRL2
Nt Sust=supt R=250hm g pt-isub1Subst="MSub1" Subst="NSup1" R=25 Ohm
250 O L0 o Wit mm . Wetmm L=1.0nH
= L=l \ me L=0.4 mm W2=1mm L=0.4 mm
- W3=1mm

a3
Fig. 10 Inductor convert to transmission line

10. elHE{o] MEMZ Bt

a9 128 DCEE Fwre] AFAEHAR Zold

Male Fo] B w=RolA Aoty Fuprlels 714
1o AAEAS e 2oz vehd Aolth 13
13014 B=upe} o] Al ze] Hol7k 55 mm
A A TP A EAS A AL D 5 9

e=9.000GHz S~

N e i

impedance = Z0 * (2.220E-16 +j0.995) (0.418 +j0.900)

N

-

freq (9.000GHz to 9.000GHz)
a2 11 et MsME 2ol

g. 11 Length of short transmission line

i

w Wl MEF
Ct o
SheMIl SBEUSHT ShEVE
WEm o WD g
st Himo Hm
1= Botkrmn

% 12. DC =5 Al&selolM g2
Fig. 12 Simulation circuit of DC block

m1
indep(m1)=5.50
plot_vs(dB(S(2, '1)) I_Block)=-0.165
freq=9.000000G
m1

0 ¥

dB(siz 1))

I_Block
% 13 Zolel st mE DCE&2
Fig. 13 Characteristic of DC block

EM
=%

ASdzz A" 231719 dA gz
adelty a2 15w AFHRE A7

v
o
=
rlr

(R
N
1o
F
>,
fol
=
>
N

folr b, >
lo i ol
=2
>
N

BN 2O 8o o f &g i
)
o

o flo = rlf
fo

1135



JKIECS, vol. 9, no. 10, 1131-1138, 2014

MEMZE 0|25t WRIY| 322

(ML)

O 14,
Fig. 14 Circuit of oscillator with transmission line

m1 m2
freq=9.000GH freq=9.000GHz
mag(SP1.SP. S(1 1))=1.197 phgse(SF”I.SF’.S(1,1))=0.059

n

N
15}
5]

1.4 E
S 13; [ 100 =3
= 1 g
L ] E ©
85. 1 1; ;0 3
o b L o
NG P2
£ 09 =100 =
05 r
07 \\\I‘\\\\‘I\\I‘\\I\‘I\\\I\\I\‘\\\\I\\\\7GU
7.0 7.5 8.0 85 9.0 9.5 10.0 10.5 1.0
freq, GHz
8 15 dAE LrT|e] ErlxA Hn
Fig. 15 Oscillation result of designed oscillator
m
freq=10.44GHz
plot_vs(dBm(Vout), freq)=2.760
30
20—
10—
5 i mi
2 o
£
5 |
B
10
20|
0 1 1 1 1 1 T| 1 1 I 1
0 5 10 15 20 25 30 35 40 45 50

freq. GHz
J% 16, tHals 2l AlZeolMd Ao
Fig. 16 Oscillation result for large signal

V. &2&27] = 2l

=X
=

ERA2HY SHHLe [ AOmA, Vs 30V,

fzg AAAT volojx
o] L3t AA s
aefste] Azte

Ve -10V7} s
W2 2b7] wpelof s b
A&

R EEE

Y

g 17 HZHE X-band& ZEI7| AR
Fig. 17 Photo of designed X-band oscillator

MKR 9.8543 GHz

e
REF .8 dBn 2.47 dBn

ATTEN 18 dB
PERK - . :

]
9.8543 GHz

2.47 dBm

WA 5B
SC FC
CORR

SPAN 119.7 MHz
SWP 28.8 msec

CENTER 9.8543 GHz

RES BW 1.8 MHz VBW 388 kHz

a2l 18, MAtE w@rY| 53D
Fig. 18 Experiment result of designed oscillator

V.2 8
H =RoAE 279 AFHRE o83t 7]EY
Hojw TRI|HL}F oF 40% =& A7) FA/NE A

5
Astdct w3 @77) o) AAHLS SAASFE o] &
gt AANHEE 7|22 3t GaAs MESFET<} Sou-
recedoll A EQUE dujuzol ARt go Fe



2935 doln BUI1E ol 8@ X-tje w7l 4A 2 Fa

ZHAA shal ojuf Hrb oz widE dHAEs A
et sk e olgste] AAlstit. 1 A 7]
o] LXI7] AA el ws s 540l Fot
Aol FAA Fx716) HlE MMIC 2A7F #ejsit
= As & F Aotk Al AR slojd w
718l SAAA= LT 9054 GHzoll M 247
dBme] SAHA & =Eo] 37 X-td o]
te] alite] it B2 ARgE ¢ Ql

References

[1] D. B. Leeson, "A simple model of feedback
oscillator noise spectrum," Proc. IEEE, vol. 54,
issue 2, Feb. 1966, pp. 329-330.

[2] A. Hajimiri and T. Lee, "A general theory of
phase noise in electrical oscillator," IEEE ]. of
Solid-State Circuits, vol. 33, no. 2, Feb. 1998, pp.
179-194.

[3] T. Lee and A. Hajimiri, "Oscillator phase noise:
A tutorial," IEEE ]. of Solid-State Circuits, vol.
35, no. 3, Mar. 2000, pp. 326-336.

[4] P. G. Wilson and R. D. Carver, "An easy-to
use FET DRO design procedure suited to most
CAD programs," IEEE MTI-S Dig., Long Beach,
CA, vol. 3, June 1989, pp. 1033-1036.

[5] M. Sagawa, K. Takahashi, and M. Makimoto,
"Miniaturized hairpin resonator filters and their
applications to receiver front-end MIC’s," IEEE
Trans. Microwave Theory Tech., vol. 37, no. 12,
Dec. 1989, pp. 1991-1997.

[6] C. Hwang, J. Lee, J. Kim, N. Myung, and ]J.
Song, "Simple K-band MMIC VCO utilizing a
miniaturized hairpin resonator and a three
terminal p-HEMT varactor with low phase
noise and high output power properties," IEEE
Microwave Wireless Compon. Lett., vol. 13, no. 6,
June 2003, pp. 229-231.

[7] D. Baek, "8-GHz CMOS quadrature VCO using
transfomer-based Lc tank," IEEE Microwave and
Wireless Components Letters, vol. 13, no. 10,

2003, pp. 446-448.

[8] V. S. Kaper, "High-power monolithic AlGaN/
GaN HEMT oscillator," IEEE ]. of Solid-State
Circuits, vol. 38, no. 9, 2003, pp. 1457-1467.

[9] C. Lee, "A low phase noise X-band MMIC
GaAs MESFET VCO," IEEE Microwave and
Guided Wave Letters, vol. 10, no. 8, 2000, pp.
325-327.

[10] G. Kim, J. Yoon, and Y. Lee, RF Circuit Design.
Seoul: Chung mun gak, 2010, pp. 593 - 681.

[11] K. Yeom. Active Microwave Design theory and
introduction. Seoul: Hongrling publishing com-
pany, 2008, pp. 396-499.

[12] Y. Yoon, RF active circuit design theory and
practical. Seoul: Hongrling publishing company,
2005, pp. 74-95.

[13] K. Kim and H. Seo, “The System Performance
Analysis and Implementation of Digital Com-
munication Satellite,” |. of the Korea Institute of
Electronic Communication Sciences, vol. 9, no. 4,
Apr. 2014, pp. 439-445.

AE 204

U 712l(Gi-Rae Kim)

19861 A7elstar Arlgeta &
| @b

198811 A7 St sl AR
L L s st

1998+ 7o shaeehd AAlgatah-g-shatal
19881 ~1993'd AMIAANF) AR FAATFA
1993~1999 mRAF st # B B8 3} w4
1999+ ~ & A Alejefehal Faefst Axpgstat age
# AR ¢ 23T} 3|2 A, MMIC, A3} 3

42 2

1137





