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Design of X-Band SOM for Doppler Radar
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Abstract

This paper presents a X-band doppler radar with high conversion gain using a self-oscillating-mixer(SOM) that
oscillation and frequency mixing is realized at the same time. To improve phase noise of the SOM oscillator, a /2
slotted square patch resonator(SSPR) was proposed, which shows high Q-factor of 175.4 and the 50 % reduced circuit
area compared to the conventional resonator. To implement the low power system, low biasing voltage of 1.7 V was
supplied. To enhance the conversion gain of the SOM, bias circuit is configured near the pinch-off region of transistor,
and the conversion gain was optimized. The output power of the proposed SOM was —3.16 dBm at 10.65 GHz.
A high conversion gain of 9.48 dB was obtained whereas DC Power consumption is relatively low about 7.65 mW.
The phase noise is —90.91 dBc/Hz at 100 kHz offset. The figure-of-merit(FOM) of the proposed SOM was measured
as —181.8 dBc/Hz, which is supplier to other SOMs by more than about 7 dB.

Key words : Self-Oscillating-Mixer(SOM), Doppler Radar, Conversion Gain

.M 2 AEE AEE FAE BESE A2YOR 24
B 457 228 Ad o) BEe $H9de o
E29 dolti S48 A5/t BREZVE B 2 54 Faro] uls) Faso ago] Brar

AT TS Ladgg A9l e d7A3E 535 5(NIPA-2013-H0401-13-
1002). 4
7 Ad g T 8 A 7] -4 213 8 3H(Dept. of Electrical and Electronics Engineering, College of Information Technology, Kangwon National
University)

+ Manuscript received July 4, 2013 ; Revised October 10, 2013 ; Accepted October 28, 2013. (ID No. 20130704-059)

- Corresponding Author : Hee-Yong Hwang (e-mail : hthang@kangwon.ac.kr)

(©) Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 1167



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 24, no. 12, DEC. 2013.

Transmitter 2'1 SSPR 'g-x._|7| §I7:”

I8 2= AGE 1/2 SSPR Z717]¢] go]ol&-&
YelATh 172 SSPR 33171+ ¢ Wel o)zt 19

Coppler Ant
i+ Vi 2 AAZR, Fo] 02 mmel EEL 1201 L A
mERRERC ST ER= SRR Hetel S I AT RS =
Fig. 1. Single antenna type Doppler radar. As FOlL AHALER 2 Qs AEF St
Add FA7= FA7E 0762 mm, SHEHAET}

0.003, f-7480] 3.48¢] Teflon 7] Tl A A A7} 5
=3 *éﬁl% FA7E AR AAEHJE 7]£9] SSPR
IR 7)) B3] WAl 50 % ZAHACH, 17549
lEv‘O: Q71—.0_ 7]—‘_—_1;].[6],[7].

g #dojt ¢l droltt FAl AT e} 74l A5 9]
25 98 otelv Aol circulator’} AHEE T, &
o]

2 4 AEE EFIeIM B A5 £ QRS #E
IF %342 2837 Ak 9 32 Ak 2/2SSPR 3719 Al el
oL o =3 =1
Self-oscillating-mixer(SOM)& 2313} F34 &9 R 58 AAs e,
& SN Fstr] A% 55 YAs B 2 22 TZ #o|of A
e I22A 259 goltd 448 4 £
HolHold $45 A5 548 A5S 2ol 2 1% 4= Achd SOMA =22 el ofei ] A A
FHs) 99 8o MUY, 3, wns) L ACIOHRCIE Spurameter 2ol vholel s 3
RS AL el B2 a¥5, FEY

1
.
o 47 9 e DC A 229 o)HE AL F 3) _
1;}_[3],[4]

Z

0
g olgstel W 94 Fe FHS RN 54

" L o
o £ WE o159 4L 2 SoMe] AL MY I
AR, o) 3 28sE TA%S X-band 8 2. AAE 33171 #Helokx
SOM EZ# go|gE A 239k Fig. 2. Layout of the designed resonator.
2 = e ]
SOME UuHA Q) 2-port EAAAE L A# 0]l A
4A HRS ENE AAHUL AGE SOMS W g /
oJolx HRE TP ERAAHY Spuameter § 3] AN
22 95D, AAE 39 It e Q9 2 E ]
g Golo] AAHES MAst] FE ARE A O [ e
G0 23 29 ARHRE A ()8 oEste] 4 ] s o N
oyl Sy
5,5, T's Bes s 160 0 Fre;o‘[éHz] 108 M0 113 115
ot =St T .
nls 1 3. 4AE B9 AEAOIH 2 54
Zy = _Zm Fig. 3. Simulation and measurement of designed re-
Ry = 3 Xou (1) sonator.

1168



Fout TL

J

Output

HJ-FET
(NE3512502)

J8 4. AAE =& gold #olokx-
Fig. 4. Layout of the designed Doppler radar.

Z2E Q] 2ol sl s AEgolE AHEshe
A7) vholol 25 Agsx, A& APz Axw
< FE87] flete] 1.7 vl S

EP, 5 e o5 54 o

[¢]
/o] & pinch-off voltage A& FFHOZ A3
-

th. DC Hpolo| 2 3 2E SEaad] A9 FFA @
718 RF & 93 Hast stes AAH
of tEE, o] & f3 & JWHLE e A4 A
29} RF short 54& ZH= radial stubS 23514 RF
3| Z o} vpoloj & I E APt F& G
A short 3|22 F2 == radial stub> A/4 Zole

o] AR AEY AZE AUHEA open I EE F32
ste] RF chokeZM o] &S 31A H ok T3, radial
stubl] HRolEl & ARAHE F7tE AZ

AF 5ol A short 3|25 wHEO] 7|4 &7
ol gl

I se YdE

P

P

2,
x4
of\:
Shd
e

T

o jz Jm

>
ot
o
e
dlo
B

of

2
o,
ofj
Siis
ol

=
j—
rg ﬂllm

2
Q
in
it
Y
==
oL
g
G

o
EA)
=

12

ro of
E

BEo A8k, FA -5
317] A8t 21719} 50 Q fee
FA79 EAAAEHEY Ao|EC ALole] A (l)

ot

A

o

r_p

fitl

>

o

1o dlo

[N

N
m[m 1

ZAs19th 48 A3 RE 78 5004 A& [
S EUZ A subd AMESe 4 ()9 deEx
A AFH RS AASAT. A9 H2E A7

=y
a

i

2 oy E 93 X-Band SOM A7

—— Input stability circle
—@— Output stability circle

8 5. 929 M=
Fig. 5. The input and output stability circle.

o
=

_llm

S 7H= NE3512S02E AHE-3he] AgilentAHS]
ADS(Advanced Design System)°ll 4] HB(Harmonic Ba-
lance) AlE# )AL R AA

A

I M= Y =5

% 6 A2t 1x2 ¥l g etelvteltt. e+
Ansoftiit ¢] HFSSZ EM Simulationste] Al A 5 127
713 =28 go|r 9 72 Teflon 71 HE AHE3}
Atk

a9 72 vl g ote| Y] E-plane? H-planeS Al
gold g SA% Aot AL ey T
Tl A A o] 52 <F 1042 dBiolH, S = —28.6
dBolom, &2 40 MHzO| .

9 83 9= AZy =28 gojv) ¥ 24 4

ojth LO 28 Mg tedl FE9 YA
A9, RF 948 A8 324 7)(Anritsu MG-
3692B)Z —50 dBm2 =3l FATh o= AtH
AZ"FOE 1 m A e 230l B &

=4S 7Hgske] gy W lPle) os) Alabe 4
749 gholth LO 21 2.9} RF A5 7F 9% IF Al
FETS] A2tollA LPFE E3AA =431
4 A3, L0 28 A8 oF —-3.16 dBmo|
A& —40.52 dBmo|t}. o|nj, W3k °l~~

2 20l o8l AlE AT, 2.6 MHzOl A ©F 9.48
7HR T

=3
=
73

L

rlo

lo

oK

HoS fol e -llN
o

>
Mg
a JIN‘
O
N rlo

]
o
[t
M
rlo
=
o

Ppp(RF 2 A9) 2)

1169



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 24, no. 12, DEC. 2013.

J8 6. AZE 1x2 ey
Fig. 6. The fabricated 1x2 antenna.
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Fig. 8. Photograph of the fabricated Doppler radar.
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Table 1. Performance comparison of SOM.
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Fig. 10. Operation characteristic of the fabricated do-
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