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Abstract

Recently, there has been a growing interest in dbeelopment of
microwave and millimeter wave communication systeéhhese systems
require actually minimization of the size, the weigand cost reduction
in circuits. Especially, the resonator as an imgart part of a
transmitter-receiver module must has the excellemaracteristics than
others, since it gives a direct effect on the whsystem performance.
The DR (dielectric resonator) is used often a ragmonbecause it has
high permittivity and high quality factor.

In this thesis, a PLDRO (phase locked dielectrisorator oscillator)
of low phase noise has been designed and fabrickded18 GHz
microwave repeater of mobile communication systeds. design
algorithm of DRO (dielectric resonator oscillatohas been presented
using an equivalent circuit model of dielectric aeator. A VCTDRO
(Voltage controlled dielectric resonator oscillatousing the varactor
diode and DRO at 7 GHz has been considered andcd#dn. For a
PLDRO, a SPD (sampling phase detector), loop fil@mplifier, and
TCXO as a reference were employed and tested.

Based on the test result, the thesis shows thabuput power of
10 dBm, 2nd harmonic of -51.27 dBc and phase nm$e-98.61
dBc/Hz at 10 kHz and -102.03 dBc/Hz at 100 kHz basn observed.

The proposed PLDRO and the conventional producterms of the
characteristics of phase noise were compared aatlated.



Nomenclatures

C ; Capacitance
flo ; Local Oscillator Frequency
IL : Insertion Loss
Stability Factor
L : Inductance
Le : Equivalent Inductance of Resonator
Lm : Mutual Inductance
Q : Quality Factor
Qo : Unloaded Q
Qex External Q
Q. : Loaded Q
R : Resistance
Z : Impedance
Zin ; Non-linear Impedance
Z : Load Impedance
I Reflection Coefficient
v C-V Characteristic Curve
€ Permittivity
B : Coupling Coefficient
0} Inner Potential Constant

o : Resonant Frequency



BER
BJT
CDMA
DR
DRO
EVDO
FET
HBT
IMPATT
MESFET :
MMIC
MSL
PLDRO
PLL
SNR
SPD
TCXO
VCTDRO :
VSWR

Abbreviations

. Bit Error Rate

. Bipolar Junction Transistor
: Code Division Multiple Access
. Dielectric Resonator

. Dielectric Resonator Oscillator
: Evolution Data Only

. Field Effect Transistor

: Heterojunction Bipolar Transistor

Impact Avalanche and Transit Time

Metal Semiconductor Field Effect Transistor

: Monolithic Microwave Integrated Circuit
. Microstrip Line

: Phase Locked Dielectric Resonator Oscillator
: Phase Locked Loop

. Signal to Noise Ratio

: Sampling Phase Detector

: Temperature Compensated X-tal Oscillator

Voltage Controlled Transistor Dielectric $mator Oscillator

. Voltage Standing Wave Ratio

_iv_
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Table 2.1 Characteristic of oscillation elements.

Diode Transistor
GaAs
Gunn IMPATT BJT
MESFET
Noise & , Higher efficiency & | low FM noise | High FM noise
. low FM noise| .
Efficiency higher power device (6~10 dB¢]3}) | (6~10 dBo]A})
o o)) SR feedback feedback
Frequency| U topologyell | topologyell <] 3}
mechanismi| mechanism] )
Range ofsf A4 274
o5 2% o5 2%
(~20 GHz) (~100 GHz)
Power[mW]|100 @ 100 GHz 100 @ 100 GHz 10 @ 40 GHy
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Fig. 4.3 Structure betweendielectric resonatorand microstrip line.
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t. 29 4.4 Ansoft’}e] Serenad& o]g&3te] AAS FHA TR
JErola a2y 45 Yol F3I FAA ZF parameteftS A -8314

SAolt. O9 4504 & F kol f#AA 7]
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Z8 EAL U 9297 (Band-Stop Filterd] E4o] Jelgds &
ATH

¢

4

¥ 41 #5284 F7)9 parametegk

Table 4.1 Parameter of dielectric resonator.

Parameter ax
Dr (A 74) 8.25 mm
Lr (&°]) 3.71 mm
dr (W 7A) 2.11 mm

er 30
Q 10000 o] 4+
D (Ad8) 1.0 mm

Microstrip ¢ 25
Microstrip 7 0.5 mm

. . - . . . . P: l I.Bmm .
Torpes 4 . e Wl 3em
_______JA\/A\/N____%:EEI:] drms. trl
B@ohm L1 S bt Bam - 418 2Gmm

RL Pil.Bmm [:7 4mm _eri 30 FZ
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=i Bmm " hdi 37
2.5
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wil Smm
. . : o T
-FREQ N |
. Lingar ; 1
Hig Bmm - - - - ER1 2B

. step. B6Hz 8GHz 5MHz
: : -labelisub -

a9 44 7 GHz/AA 33719 Jz=
Fig. 4.4 Schemeticof 7 GHz dielectric resonato
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Fig. 4.5 Output characteristicof 7 GHz dielectric resonato

Y 46% 1Y 478 B E=RoM AS® GAA TG vlo|ans

EY Bele) Aol we 542 dea deh 19 4694 FAA B

1715h vhola2 e ehele) A

T F AR aY ATIM FAA FA
o

7 delgel wek 23 QF AR ¢ & Aok

oo X

422 A=

A Zpoll AbgHE 712 Metcrade ¢ = 2.5, h = 0.5 mnmd} FR-4 (h = 0.6
mm)°] 1 5% AA+= ATF-34143 FET(HPY ATF-54143 FET(HP), &3}
FZ% Varator ©to]2E=+=  MGV-100-23-E28X  (Metelics), DR
C8733-0325-146-083 (Transtect§PD= MSPD1002-E50(Metelics), 28] 12 RF
& 3 MG AY T AT F LFHF Aol2E AH s A A}

At

_35_



a3 4.6 il AgdA s A
Fig. 4.6 Coupli& i act i f dielectric resonatol
S

3% 47 FAAFANY Aol 42 2 Q 54
Fig. 4.7 Loaded Q characteristicby distanceof dielectric resonatol
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AE Aot 19 4102 7IAAY] FYS 3sh7] $1§ Tuning Screve]

e
EES BHoFa o

rd
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Fig. 4.8 Layout (a) M/W circuit part ; (b) RF diit part.
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(b)
29 49 AZE PLDRO (a) MW 3235 ; (b) RF 3212
Fig. 4.9 Fabricated PLDRO (a) M/W circuit parthy) (RF circuit part.

e

2% 4.10 Tuning screw
Fig. 4.10 Tuning screw
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. VBH 91 Kz 1of 2
(b)
Y 412 PLDR® ##HzFa4 =4 (a) span 1 MHz ; (b)spar

10 MHz
Fig. 4.12 Output frequency measurement of PLDRD sf@an 1MHz
; (b) span10 MHz.
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Min Search
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Pk-Pk $earch
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More
: - ] ] P 1af 2
pyright 2000-2002 Agilent Technologies
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5 Agilent 04:05:48 Oct 27, 2664 Peak Search
Atten 48 dB 3 Next Peak

Next Pk Right
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Marker a
14.04P0P0PBG GH=z

\ \ ,,

Min Search

1

Pk-Pk $earch

Mkr 3 CF

More
1of 2

e Operation Status. A:\SCRENB32.GIF file saved

(b)
%Y 4.13 PLDRQ@® Harmonics &4 =74 (a) PLDRO®?] &#+3}
(7 GHz) ; (b) ZF Harmonic(14 GHz)
Fig. 4.13 Harmonics characteristic measuremenPlobRO (a) Outpu
frequencyof PLDRO(7 GHz) ; (b) 2nd harmonic(14GHz).
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| Measure

Carrier Freq 7 GHz Signal Track Off DANL Off Trig Free Sp'l%"t'rtj,;
Spot
Frequency
dBm Atten 1
Log Plot
Frequency pffset
Copyright 2000-2003 Agilent Technologies
(a)
Agilent 83:12:49 Oct 27, 2004 | Measure

Carrier Freq 7 GHz  Signal Track OFf DANL Off Trig Free Sp'l%"t'rtj,;
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(b)
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Fig. 4.14 Phase noise characteristic measuren@ntlq§ kHz offset;
(b) 100 kHz offset
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E =#olx 4A 2 A3 PLDROSH I Aol 4483 ¥ PLDRO
o] 9173R 53 Harmonics 58-S Wlws) itk & 4.29 dA} & =&
ol A AA 2 A PLDROQ 4 %43 Harmonicss Ueby it ©

Jqm ¢

>,

©

f

0%

I
2 do do i

45T v =3 AY BHe &
9] Harmonics EA4 Kt €%

¥ 4.2 ¥AE PLDRO 94&S v
Table 4.2 Comparison of phase noise of various RQD

A Z3] A} | Frequency(GHz) Phase Noise @ 100 kHz(dBc/Hz)Harmonics(dBc)
AA} 6.1 -124 -25
BA} 7~13 -120 -20
CA} 6.1~10 -113 -20
DA} 8~12 -110 -20
EA} 9~12 -101 -25
Proposed 7 -102 -51.27
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