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Design and Implementation of the Mutually Coupled Structure Oscillators
for Improved Phase-Noise Characteristics
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Abstract

In this paper, mutﬁally coupled oscillator is employed to improve phase noise. Mutually coupled structure oscillator
couples two oscillator's phase shifted output signals, that is fabricated using teflon board which has dielectric constant
of 2.5 and Surface Mount Gallium Arsenide FET devices. And this paper proposed the structure to bias adjustment
for the phase condition of mutually couples. When one oscillator has bias point of 4.4 V and 37 mA, it's output signal
has phase noise characteristic of —96.37 dBc(@9305 MHz, offset frequency 100 kHz), —73.46 dBc(10 kHz). and After
it's output signal mutually coupled the other's output signal that has bias point of 8.1 V and 69 mA, it has superior
phase noise characteristic of —106.7 dBc(@9305 MHz, offset frequency 100 kHz), —81 dBc(10 kHz).
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Fig. 3. Coupled oscillator circuit without series loss re-
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Fig. 4. Equivalent circuit of the mutually coupled osci-
llators.
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Fig. 7. Measured phase-noise of the oscillator-1 at the
output port-2(@10 kHz offset frequency).

Mkrl® 9.28 GHz

Ref 20 dBm Atten 30 dB . =1.22 dBm
Norm
Log
10
dB/ AC Caupled
--Marker
| 9.280000000 GH=z
Lgftv -1.22 dBm
t |

U
(R 49 GHz
(601 ptsd

Center 13.. 26 GH
Res BH 3 MHz VBH 3 MHz Sweep 6

K
3
A~

3 8. 2z 1o 43V, 37 mAZ FAE w9
8t 200249 9] HE

Fig. 8. Power level of the output port-2 at 4.3V,
37 mA biased of the oscillator-1.

GHzol| A z}z} —96.37 dBc(@100 kHz offset frequen-
cy), —73.46 dBe(@10 kHz offset frequency)®] E54&
AL 4 ANem, 19 63 794 & 5 Ak o]

ol 28 AHL 19 §ollA 9} 7o) —1.22 dBmE Y} -

Epf Aok

8.1V, 69 mAS] vlo]o] A Aol A WR7) 28 £
AN7)T 299 200N 24 A, B2 Fus
9.3 GHzoll A Z+7} —96.81 dBe(@100 kHz offset fre-
quency), —79.25 dBc(@10 kHz offset frequency)d] &
AE BE & ANeH, 18 99 10914 & 5 Stk
olfi o] £ MY 114 11049} 7o) 11.05dBm
S eIt

olFA EY 239 EAE AR

T2 H3HA

1116

a Mkrl 100 kHz

Ref 20 dBm fAtten 30 dB Noise -96.81 dB/Hz
Avg 1R
Ty -
dB/ “
i
I H
-Marker a L
100.000 kHz JU
prve [ Noise -96.81 dB/Hz w
| Sy 1K 4
:g EZ 3 i W' %{m P‘\m i
AR A\ ! o ﬂ"ﬁ
£06) H’ V W A aalil oA

s A
£>50k m;iﬁjm‘f‘ I e 1}?

SprT ,|| ¥ !

Center 8.239 275 GH
Res BH 9.1 kHz

Span-1 MHz
Sweep 14.6 ms (601 pts)

N

VBHW 9.1 kHz

13 9. 29d 2014 &34 &
ol Fare H% J%

Fig. 9. Measured phase-noise of the oscillator-2 at the
output port-2(@100 kHz offset frequency).

A7) 2¢) 100 kHz ¥

a Mkrl 10.0 kHz

Ref 20 dBm Atten 30 dB Nolse —79.25 dB/Hz

Avg 1R [

Log E3

}ig/ ) )) Mea‘ Uncal
i
} 1

| Marker a : i
10.000 kHz I
pAve | Noise -79.25 udﬁ/l-llz "¥[ﬂwﬁ i
Ls% gz [\ﬁf‘ﬂ(ﬂ \“\J T{ ] 'W}W 1‘1‘@\& ‘{f!vr\ ﬁ!i
AR TR
P =
st !

Span 180 kHz
*Sweep 70 ms (601 pts)

Center 9.395 437 1 GHz

Res BH 910 Hz VBH 910 Hz

28 10, 229 2004 2 227 29] 10 Ktz
Qi3 Fui4el 94 e
Fig. 10. Measured phase-noise of the oscillator-2 at the
output port-2(@10 kHz offset frequency).

Mkrl 9.28 GHz

Ref 20 dBm Atten 38 dB 11.85 dBm
Norm
Log
10 1
dB/ AC Coupled
L Marker _
8.280000000 GHz

Span 26.49 GHz
Sweep 66.24 ms (601 pts)

>
Op
T
N

Center 13 2
Res BH 3 MHz VBH 3 MHz

J8 1. 227] 271 8.1 V, 69 mAR T2E we
29 2049 g @

Fig. 11. Power level of the output port-2 at 8.1V, 69
mA biased of the oscillator-2.



1 A3, #A Fu 93 GHzAl A 244 —106.07
dBc(@100 kHz offset frequency), —81 dBc(@10 kHz
offset frequency)e] WA H SAL d& ¢ Ao,
19 128 3eiA & 4~ ok oW e &8 AL
39 119149} 7ol 9.92dBmE e Atk
A5 Y PANE A2e wAAAA 2
Ao vudg o, $78 A g5 S4S

AL & YA Y2 A e SHoA £ o,

q FZ2E Fst 317] Wl A Fe] &olaite

£ rlr S

a Mkrl 100 kHz
Atten 38 dB Noise —106.79 dB/Hz

iR %

Ref 20 dBm
Avg
Log

10
dB/

| Marker a
| 100.008 kHz
rrvg | Noise -106.70 d

B/|
Wi s2 {
i

$3 FS
AR §

£(): mj }

50k 5 i | H (\ "

Swp ad 4 1 . i‘ﬁ“‘{ ‘:r\:» ;
ST T | Y

Center 9.385 871 GHz Span 1 MHz

Res BW 9.1 kHz Sweep 14.6 ms (601 pts)

VBW 9.1 kHz

8 12, &27) 12 271 84 22 we] 100 kHz
gojR Fao A% F+

Fig. 12. Measured phase-noise during both oscillator 1
and 2 operated (@100 kHz offset frequency).

a Mkrl 10.0 kHz

Ref 20 dBm Atten 30 dB Noise -81.0@¢ dB/Hz
Avg T
Log iR *
19 ! |
dB/ It Meas Uncal
HE
N
| _Marker a { i
| 10.0008 kHz 1
pavs [Noise -81.88 dB/Hz [
AT e 7]
& B WA aal m Y MY G{\\ P ial
E(f)’?ﬂ \f\{ \/pY % ij x!'ﬁtu\ﬂ W i'
<50k
Svp

S —
Center 9.305 508 5 GHz
Res BH 918 Hz

38 13, @37 13 27 4 5249 o9 10 kHz
Qojzl 059 A4 BE

Fig. 13. Measured phase-noise during both oscillator |
and 2 operated (@10 kHz offset frequency).

Span 180 kHz

VBW 910 Hz #*Sweep 70 ms (601 pts)

A

ox
=
filo
f
3
ox
fov
i)
oo
44
N
lo

27 A g AF

Mkrl 9.28 GHz

Ref 20 dBm Atten 3@ dB 9.92 dBm
Norm B

Log
16 é
dB/ AC Coupled

|-Marker.

9.2800000080 GHz
LAy 9].92 qu

Center Z1'3.2s ez

Res BH 3 MHz VBW 3 MHz

A8 14, 217 13 27 B4 FHE g9 49
20049 ¢l

Fig. 14. Power level of the output port-2 during both
oscillator 1 and 2 operated.

Span 26.49 GHz
Sweep 66.24 ms (601 pts)

8 15, X-band 45 A 12 Wx17]9 AE AR
Fig. 15. Photograph of the X-band mutually coupled
structure oscillators.

o= P‘E ZP 215}
33 M=

£ =2oA Atd 7R w7 wpolojs
Hruo Ad #29 9g H4slE7] st Tan-
talum capacitor& 7,‘:‘]7]-6]-210111, A= 2y 9]
E4E& BAs7] st she] 2892 50 Qo8
FHAAT

N.ZE2 E

f2A A% Q gl &

Foh} 349 72

1117



SRBRIEBEREE H178 F115% 200655114

27 o] 329 2¥3W Rz} B2 I
o QAd ool MET ol F BHE T2

7\ et} & =ElME 744

£Q #2 ZAAT FA FFE FHL 3
ZA7NE AYsHh T3 B =M ¥ Q#t
o2 Qg s A = 549 A
37] 913t A2 729 X-band 45 A A
718 Agtsigich 1 A, 2R F3< 9.3 GHzoll M
7+2} —106.7 dBe(@100 kHz offset frequency), —81
dBc(@10 kHz offset frequency)Zh= wl-¢- ¢53F 94
%‘}" 48 de F ATk % %—Er‘)ﬂ’ﬂ Xﬂ % T

(1] H.-C. Chang, X. Cao, U. K. Mishra, and R. A.
York, "Phase noise in coupled oscillators: Theory

2005 29 FEU L Aot
| FEw

| 2005 3U~FA: FediHa A
sy et A

T U ZOH RF, vfo] A 23} 82
A R S8

20049 29 FeYsE AAFG
3 (3

20063 29: Festn HoEE
3 (F844h

200613 29 ~3A: FLdgn A
o383} WAt

~ T R | [FOEHEON 2330 5EIE
(MMIC, Hybrid) 3244, SSPA, LPA

1118

and experiment", IEEE Trans. Microwave Theory
Tech., vol. 45, pp. 604-615, May 1997.

[2] Ulrich L. Robde, Ajay K. Poddar, and Georg Bock,
The Desing of Modern Microwave Oscillators for
Wireless Applications, WILEY-INTERSCIENCE, pp.
247-257.

[3].Ulrich L. Robde, Ajay K. Poddar, and Georg Bock,
The Desing of Modern Microwave Oscillators for
Wireless Applications, WILEY-INTERSCIENCE, pp.
276-288.

[4] 0F7, A, oldH, ¢AE, FTAH, A
study on the new structure voltage controlled hair-
pin resonator oscillator using parallel feedback of

second-harmonic”, 3F=EA 83 =FA, 27(5C),

pp. 530-534, 20023 5€.

[5] Rajesh Mongia, Inder Bahl, and Prakash Bhartia, RF
and Microwave Coupled-line Circuits, Artech House,
Pp. 244247,

2000 2¢: s9Uisty AREA
%3 (3D

0009 89 Fertm Anze
3} (ZEAA

1 20029 99 ~&A: Feugw A
shEts) wh g

[ HA2OH RF, vlo|a 2y 312

1993 29 FEURL HAEN
FE3 (FAD

20034 29: Feost A%
3 (3844

20044 29~8A: FeostE A
shgets WAy

19934 491~1995 69 FHFA

B ZM@?-*
1996u1 59 ~20004 79: 7
2000 8L ~3A: FFABFLN7) TR AT

% o] EE}\]

[F #alEoH 2355 5%

A, RFID, <&t

3 2(MMIC, Hybrid) 3|24



Ho
ot

/_\;}

1983 29 Fedy AxEA
83 (F3H4h

20043 29: FLdsty FAEA
283} (F3H4AD

20049 29~¥A): Fedigte A
A8t gAY

ki 19833 149 ~1998 109: A4 A=}

19983 109 ~&A): AHAISDS AFR

[(F BHEOH 2353 553 2(MMIC, Hybrid) 324
#, RFID, oteln}

o A &
' 199213 24: HListu AzFA
| T (A
19949 29 Feosa AAEA

383} (F4AD

20000 3€~#A: FLdggw A
A543 83 whatay

4 19943 48 ~FA: d=4Y71eH
7 Addrd

[ B4l 2O0F RF Signal detecting, EAIA F 3]

HANE A8 4B AT PR WA A 2 AZ

X,

) 1968 29: FEhdta AAEA

P 3 (FEAD

19739 99 ANty AR F
7 (FH4AD

19824 119 : = Aachen AAL
&3} (FatAp

198613 ~1987d: ©]=* Univ. of Texas

Nz
HADs

20019 19~2001 124: 22283 3%

20023 5¥~20033 129: &= ITSeHE] Zuj3)#

19929 29 ~&A: ooty Agges e

[ ZAEOH 2353} 523 ZMMIC, Hybrid) 47,
SHe

1119



