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Design of Phase Locked Dielectric Resonator Oscillator with Low Phase Noise for X-band
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ABSTRACT

The PLDRO(Phase-Locked Diclectric Resonator Oscillator) with low phase noise is designed for X-band. The phase of
VCDRO(Voltage Controlled Dielectric Resonator Oscillator) is locked to that of a high stable reference oscillator by using a
SPD(Sampling Phase Detector) to improve phase noise performance in the loop bandwidth. And, the VCDRO is implemented using
a high impedance inverter coupled with dielectric resonator to improve the phase noise performance out of the loop bandwidth.
This PLDRO exhibits the harmonic rejection characteristics of 51.67dBc and requires below 1.95W. The phase noise characteristics
are performed as -107.17dBc/Hz at 10KHz offset frequency and -113.0dBc/Hz at 100KHz offset frequency, respectively, at ambient.
And, the output power of 13.0dBm+0.33dB is measured over the temperature range of -20~+70T.
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Fig. 1. The block diagram of PLDRO
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Table 1. Specification of DR(Dielectric Resonator)

Part Dimension Temperature Qu ¢
Number (mm) Coefficient r
DRDO65 | &7 : 6.50+0.05
BCO28B | &o] : 2.88+0.05 ODDII1/°C 15,0001 27.9+05
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Fig. 2. The equivalent circuit of dielectric resonator
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et 2& FAIHZ AASG L2719 HEA
P FxA AlolES FH7] Ateole Ag L1
7 A 840 MY 2EHEE o83t dHz
A& ARG oY HFMHAE vigozm
HB(Harmonic Balance)7|® & o]&3td w37
o] vy HAE A =& TFLA HAAY
2dg B3 ¥ &9, nxa 54, A
dejel e Fag HE 2 H4FS %"é 5&
AEgolasttt. AA AR FAFIASF 98
GHzQ 2x17]& 5V, 20mA9] ule]ojx x7A s
4 11.0dBme %33 -19dBcoldtel nZs
A EA4E dUh

22 7|} olojazgoly 3zl MA

AdAl FAA A L7 2EG Hof
E 4FFEIE AR R HFe BE &
AA F3 22719 pulling figureEA o] 45
=E et 45T F7Y TFELAE fujitsurt
o} FHX35X HEMTE o] 2391 HeZ %72
T GdFHrl s PldBE 3dB =%
on Q&8 WAl EAS FAAAT

=3 AT FAA T L)Y 23 2
32 nzT%E A8ty faA AHEHLEHE
Aol @27t AEZ X g wo #Z
A3t ETh mlojlaZ AE YA S 0] 83 A
FHgele ARG FriHer YEivs



= X-band® 142 #2A B2 B 4A % AR

2as4qoz Q3 3x % 53 nx:FHIt ey
A "HEd olF AAsy] AdA 33 L 5A
et V49 trapB2E AGEFHIUEHY &
tale] Algezm 32 H 5ae] nxs AE
g Ar1H oz A AT

AgAel FAA T L1719 HFEE port
oj9lo] AMEHYAuIr YL s At
AL o) &3 WYY AYVIE AASNAC B
A7 Fede A uA FAA IR £
doizle] dAE 9 -10dBY AEAF] 9
& AEd A3 AEFALuIL71Y microwave
dE el dAsAt E 2¢ microwave FE
9 7+ HBEY AA R ERARE SGF Ao
=3

F 2 2 B3lze &Y 40
Table 2. Test results for sub-circuits

Qutput | Tuning .
Parameter || Frequency Power Range Phase Nmst:
6.7MHz | -116.3dBc/Hz
VCDRO || 9.3GHz 7.0dBm ©0~12V) | @100KHz
Parameter|| Gain S11 S22 PidB
Buffer 3 _
AMP 11.8dB <-15dB | <-13dB [ 17.0dBm
Insertion Harmonic| Harmonic
Parameter Loss S11 Rejection |  Rejection
-26.9dB -22.9dB
LPF 0.7dB <~18dB @3fo @5fo
Insertion | Coupling
Parameter Loss(S21) | factor(S31) S22 53
Directional} 1 o35 | _g4dB | <-13dB | <14dB
Coupler
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Fig. 5. Output power characteristics
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Table 3. Electrical performance of PLDRO

Parameter Measurement
Frequency [GHz) 98
Supply Voltage [V] 15, -8
Supply Current [mA] <130
Output Power [dBm] 130:033 |
|Phase Noise at 10Hz (dBc/Hz] -60 ‘
Phase Noise at 100Hz [dBc/Hz) 74
Phase Noise at 1kHz {dBc/Hz} -93
Phase Noise at 10kHz [dBc/Hz) -103
Phase Noise at 100kHz [dBc/Hz) -111
Phase Noise at 1MHz [dBc/Hz) -131
Harmonics [dBc] >51
Spurious [dBc] >T70
Source Impedance {Ohm] 50
Power Consumption [W] <1.%
Weight [g] 235¢
“Temperature] C} -20~70
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