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cylindrical dielectric resonator has been investigated and realized. The cylindrical
dielectric resonator (CDR) with parallel microstrip lines is proposed at 5 GHz frequency
for unconditionally stable and conditionally stable transistor as dielectric matching.
Hence, the proposed dielectric resonator with +2 mm spacing and 155° of curved
configuration indicated the best performances for preliminary study. The result

Keywords: improves the performance of the parallel inhomogeneous CDR by 9.77%. Subsequently,
Amplifier, Cylindrical Dielectric the homogeneous CDR is also successfully working as the variable frequency mechanism
Resonator, Microwave Systems, for unconditionally stable and conditionally stable transistor at 5 GHz frequency in
Stability Performances maintaining their stability performances.

1. Introduction

One of the solutions to improve the accuracy and acquire most performances for the microwave
amplifier is generally, represented by the stability element and matching techniques. Although, it
depends on the specific circuit requirements such as the simplicity in practical realization, the
frequency bandwidth, the least noise figure, design implementation and adaptability, stable
operations conditions, and linearity. Thus, many types of stability and matching networks are
available [1-5], which include lumped element [5], transmission lines [6], and variable matching
network [7-11]. The qualitative summary of the stability and matching techniques for microwave
amplifier of the earlier research done are listed and summarized in Table 1.
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Table 1
The qualitative summary of the stability and matching techniques for microwave amplifier

tability & tchi t k . ifi
Stability & matching networks Freq AmpI|f|.er Considerations Performances Ref.
Input Output (GHz) topologies
Shunt Low Noise : EF. :':F:_i'glng
negative - 2.4 Amplifier Paln PH_ tion: [5]
feedback (LNA) e Power . e Power consumption:
consumption 985uwW
Tuneable .
impedance o Efficiency *A useful optlon for
. Power . CMOS design when
- matching 0.2-0.3 o e Maximum power . [9]
(coupled Amplifier (PA) output low-Q inductors must
’ be used.
inductors)
imNaezgnch?:qda:s;iible(zn- Low Noise o Noise figure (NF). eTuned in a 50% BW.
P ) & . 1 Amplifier e Tunable matching eS;;=<-20dB [10]
structure with varactors in (LNA) twork . =>-3dB
series with inductors) network. o= > -
0511= -50 dB
Low Noise . ©5,;=13dB
piwvielm RS W
P (LNA) ' e VSWR=1.5
e K=1.07
. . Power e Linearity. e Maximum efficiency
Load line matching. 2:5 Amplifier (PA) e Efficiency. power is 66%. [13]
- . Low Noise e Gain. eS5,;=10dB
Comb'”atc'ﬁ:uﬁ;t matching 1-10 Amplifier e Stability factor. ¢51,=-49.59 dB [14]
’ (LNA) o NF. eNF=0dB
™ 5i- 1735
(Ry= 5000) lowNoise |\ *S,=14.77 dB
’ 10 Amplifier High gain ’ ©S;,=-18 dB [15]
. .
Lumped, distributed and radial (LNA) .522:_10'24 C(IjB
stub elements for matching. *NF=-0.775 dB
S;;=-17.15 dB
—_— . Low Noise . . 0S5;;=14.35dB
L“mpe‘:ﬁk')s;r:::zjis& radial 4 15 Amplifier  ° :/:,gh gain. \F 5:,=-17.023 dB [16]
. [ ) .
(LNA) fimum *5,,=-16.92 dB
eNF=-0.92 dB
« Resonant ePower transfer
Adaptive (automatic) efficiency increased
. ) Power frequency.
impedance-matching network 1.3 Amplifier (PA) p ¢ ‘ up 88% when [17]
[ )
(capacitor-matrix) P zc\./v.er ranster distances changes 0
efficiency. 012 m.
0511= -17.2 dB
S,;=14.14dB
RLC feedback for stabilization. Low Noise o NF. :521__23 5 dB
6 Amplifier * Gain. -sZ:-s 59 dB [18]
T and L matching network. LNA ili ) DS
g (LNA) e Stability factor o NF= 1.816 dB
0 K=1.304

31



Journal of Advanced Research in Applied Sciences and Engineering Technology

Volume 29, Issue 1 (2022) 30-45

Table 1 (cont.)

The qualitative summary of the stability and matching techniques for microwave amplifier
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Based on this related works, the main considerations of the works are highlighted, i.e., gain,
stability, and noise factor. However, if the stability issues are not solved, the gain and noise factor
will be much affected. As mentioned earlier, the stability factor is influenced by the changes in
operating frequency. Some amplifiers can reside in either a stable or unstable region, depending on
the operating frequency. External disturbances such as temperature variation can only vary the
frequency, thus making the amplifier susceptible to uncertainty in the aspect of stability. Therefore,
the operating frequency needs to be easily controlled or tuned for such cases.

The work in [26] explores the use of cylindrical dielectric resonator (CDR) as frequency variable
elements. A CDR is a piece of the unmetallized ceramic with a high dielectric constant, in which the
electromagnetic fields are confined to the dielectric region, and it is immediate vicinity. The
placement of a dielectric resonator with a constant physical characteristic can tune the operating
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frequency of the two-way power divider, which improving its performances for multifrequency
operation without changing its physical dimensions. The implementation of such DR gives the input
return loss better than 20 dB in operation of the divider at multiple frequencies. Besides that, the
microstrip line configuration is also another important consideration that can influence the
performance of the microwave circuits. The idea is to investigate the microstrip line configuration
which is adopted by [27-29]. This microstrip line configuration is represented as coupling
configuration between the DR and monolithic microwave integrated circuits (MMICs) in [28] as the
new developments to improve high output power [27] and the phase noise [28] of the dielectric
resonator oscillator (DRO). In this article, this microstrip line configuration is investigated to explore
the frequency changes of the microwave amplifier, where it should be operated at 5 GHz frequency.
Meanwhile, the use of the dielectric resonator (DR) as frequency variable elements is a great
approach to implement on microwave amplifier to ascertain the frequency of amplifier resides within
the stable region. The characteristic of the DR is initially investigated through the multi-permittivity
dielectric resonator (MPCDR) or also known as an inhomogeneous DR due to their dual permittivities,
which can be served at one time. The uses of the multi-permittivity DR as in [30-32] have overcome
the drawbacks of the homogeneous DR, while the basic geometry of the resonator is maintained.
Thus, the available theoretical, numerical, and experimental tools can be effectively applied to the
proposed DRs.

In [30-32], the MPCDR are represented by high and low permittivity with 90° pie-shaped sectors
of each permittivity materials that are positioned in non-adjacent quadrants. The high permittivity,
€r1 represents by magnesium titanium oxide doped with cobalt (MgTiOsz + Co) of 15 and only MgTiOs
of 15.72 in [30-31] and [32], respectively. The &1 of DR materials has high Q-factors that stored more
of electromagnetic energy inside and helps in achieving a strong coupling to the feeding structure
(coupling implementation). Meanwhile, the low permittivity, €. is presented by Roger substrate
(RT6010) of 10.2 and (CoTiOs) of 9.85 in [32]. The &, of DR materials tends to be operated in wider
bandwidth (BW). The combination of the high and low permittivity plays an important role in
achieving wideband operation with strong coupling coefficients. The strong coupling coefficient gives
the most radiation pattern of the electric and magnetic fields. Besides that, the wider BW can handle
high data rates, multi-lingual communication, multi-communication channels and control data traffic
of the modern communication systems. By referring to [32], the different single and multi-
permittivity geometries of CDR are evaluated for wideband performances.

In this work, a CDR with parallel microstrip lines is presented as dielectric matching on the
microwave amplifier for unconditionally stable and conditionally stable transistor at 5 GHz frequency.
The preliminary study was carried out for the CDR in-terms of spacing distance and curve
configuration of parallel microstrip lines and the angular position of the CDR. The results will
influence the performance of scattering parameters (S11 and Sz1) and their resonant frequency. The
best configuration of the proposed CDR will be incorporated as the dielectric matching for
unconditionally stable and conditionally stable transistor at 5 GHz frequency. The prototype
homogeneous CDR is represented by Calcium Copper Titanate (CCTO) which is used as dielectric
matching on microwave amplifier with the unconditionally stable and conditionally stable transistors.
A close agreement between the simulation and experimental results is obtained. In the following
section, the DR specification is described, followed by the preliminary study of the DR and then the
implementation of the homogeneous DR as dielectric matching on microwave amplifier for stability
performances.
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2. Specification of Dielectric Resonator

The specification of the DR including the substrate and related parameters, the detail parameters
of DR and the microstrip lines dimensions and its characteristics have been discussed in the next
following subsection, respectively.

2.1 Substrate RO4003C Series and Related Parameters

The selection of the board material is very important for high operating frequency, which is the C-
band frequency at 5 GHz frequency. Hence, the RO4003C substrate is a product by Rogers
Corporation has been used for this research. The RO4003C substrate has low dielectric tolerance and
low loss [33]. Furthermore, its excellent electrical performance makes it a good choice for
applications at high operating frequencies range. Moreover, it also offers a low cost for circuit
fabrication. The electrical characteristics of the RO4003C material used in modelling the DR circuit
are stated in Table 2 [33].

Table 2
The electrical characteristics of the RO4003C material
Parameters Symbol Value
Dielectric constant & 3.38 £ 0.05
Dissipation factor tan & 0.0027
Thermal coefficients of &, °C +40
Substrate thickness H 0.813 mm
Copper thickness T 0.035 mm
Conductor conductivity o 5.8x107S/m

The wavelength for the dimension of 50 Q transmission line is calculated using (1), where the
dielectric constant, €, is 3.38; the operating frequency, f is 5 GHz at the speed of light, ¢, which gives

the value of 8.15 mm for a quarter wavelength.
c

Y =g

(1)

Meanwhile, the dimension of a substrate with the copper ground plane is summarized in Table 3.

Table 3
The dimensions of a substrate with the copper ground plane
Parameters Value (mm)
Length, | 32.61
Width, w 30
Height of substrate, h 0.813
Thickness of copper, t 0.035
Substrate material Duroid (Roger RO3004C)
Grounded material Copper

2.2 Parameters of Dielectric Resonator

The structure of the DR mainly consists of three basic layers; the bottom layer is copper, followed
by the substrate that places the DR above it together with the feeding mechanism, which is a
microstrip line. Lastly, the upper layer is filled up with the vacuum to avoid the field radiation in the
air or block the noise and interferences. The parametric analysis for the parallel CDR is investigated
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for the same waveguide port position. The common parameters of the DR are referred from [29-31],
especially their dielectric permittivity of the DR. The inhomogeneous CDR is formed by two different
dielectric materials, which are Magnesium Titanate Oxide, €1, and Cobalt Titanate Oxide, &, which
also known as MgTiO3 (MTO) and CoTiOs (CTO), respectively. The value of this inhomogeneous CDR
of each material is 15.717 and 9.855, respectively [32]. The details parameters and characteristics of
the inhomogeneous CDR are calculated using (2) for its diameters, which about 2% in the range of
a/L[30,34]. The details of parameters and characteristics of the inhomogeneous CDR are summarized
in Table 4.

34 a
fons = o= (5 + 345) (2)
Table 4
The details of parameters and characteristics of the inhomogeneous CDR
Property Dielectric Permittivity Loss Tangent Parameters
MTO (1) CTO(s;) MTO (tané) CTO (tand) Thickness Radius
Value 15.72 9.86 -0.0133 -0.0143 25mm  7.5mm

Both MTO and CTO as reported in [35] claims that this material is well known as low loss dielectric
ceramics and have wide applications in communication systems, especially as base materials to
elaborate the resonators, filters, antennas, radars, and global positioning systems that work at
microwaves frequencies.

2.3 Microstrip Line Dimensions and Characteristics

In this article, the microstrip line is used as the feeding mechanism for the DR. The parallel
microstrip lines produce the optimum power level with more stability that will fulfil the purpose of
the DR as the stability elements and matching components in this work. The dimensions of the
parallel microstrip lines would be obtained by using (3) until (6) depending on the width to height
ratio [4].

Forw/h <1,
Eopy = om 4+ 2 [(1 + %)_0'5 +0.04(1- %)2] (3)
Z, = J% (2 +025%) (4)
For w/h >1,
R (R )
7, = 377 (6)

Jseff[%+1.393+(0.667ln(%+1.444))]

where, h is the substrate thickness, w is the microstrip line width, t is the conductor thickness, e is
an effective dielectric constant of the substrate, and &, is the dielectric constant of the substrate.
The dimension of parallel microstrip lines is calculated by using the impedance calculation option
in CST software, where h is the height of substrates, eps is the Epsilon (permittivity) of the substrates
and w is the width of the microstrip line to yield 50 Q line. The length of the parallel microstrip lines
is kept to A/2 which represents the center of the overall size of the substrate. The parameters value
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and material of the parallel microstrip lines are summarized in Table 5. Practically, the waveguide
port is realized by a SMA connector by providing connectivity to the equipment, which requires
coaxial connections.

Table 5
The parameters value and material of the parallel microstrip lines
Parameters Value (mm)
Length, | A
Width, w 1.898
Thickness of microstrip line, t 0.035
Microstrip line material Copper

3. Preliminary Study of Dielectric Resonator

The preliminary study of the DR is divided into three subsections, which involve the spacing and
curves configuration of parallel microstrip lines. This is followed by the orientation of angular position
of the dielectric resonator, especially for the multi-permittivity or inhomogeneous CDR. The details
about the preliminary study of the DR are presented in this subsection.

3.1 Spacing of Parallel Microstrip Lines

The parametric study is focusing on the different spacing between the parallel microstrip lines
first, which known as the coupling coefficient as shown in Figure 1. The suitable spacing between
parallel microstrip lines and the CDR needs to be determined. Seven different spacing between the
parallel microstrip lines and the CDR is examined for 10 mm (-2.5 mm), 13 mm (-1 mm), 15 mm (0
mm), 17 mm (+1 mm), 19 mm (+2 mm), 21 mm (+3 mm) and 25 mm (+ 5 mm). The references for the
spacing between the parallel microstrip lines are at 15 mm (0 mm). Theoretically, the return loss, Si11
at the input port should be below 10 dB, which means that 90 % of the input power is successfully
delivered, and reflected power is around 10 % [4]. The findings of this investigation are summarized
in Table 6.

Paralld

/.\ﬁuomip-l.ine\

Fig. 1. Parametric study of the different spacing between the
parallel microstrip lines

The obtained S-parameters responses (Si11 and S;1) for different spacing between the parallel
microstrip lines and the CDR gives the best performances are at +1 mm and +2 mm of the coupling
spacing. The obtained return loss is around 18 dB, which meets the specifications. However, their
operating frequency is not accurately operated at 5 GH frequency. The obtained results show when
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the coupling spacing is too far or too close between the inhomogeneous CDR and a parallel microstrip
lines, the return loss responses will be less than 10 dB. Thus, the suitable coupling needs to be
identified between the CDR and parallel microstrip lines.

Table 6

The obtained S-parameters responses (Si1 and S;i1) for
different spacing between the parallel microstrip lines and the
CDR for same port

Spacing (mm) Same Port

Freq (GHz) Si:(dB) S21 (dB)

-2.5 4,994 -4.257 -2.924

-1 4,998 -8.408 -1.809

0 5.000 -12.829 -1.436

+1 4,998 -18.091 -1.309

+2 4,984 -18.710 -1.516

+3 4972 -13.297 -2.019

+5 4,954 -6.935 -5.133

The next preliminary study followed by the configuration of the curve of the parallel microstrip
lines, which only consider the coupling spacing of +1 mm and +2 mm between the CDR and parallel
microstrip lines.

3.2 Curves Configuration of Parallel Microstrip Lines

The next parametric study of the parallel microstrip lines is curved configuration at A/4 of the
wavelength. This is to investigate the effect of curves configuration on the return loss and insertion
loss. The different curves configuration at A/4 wavelength is evaluated for 65°, 90°, 155°, and 165° as
represented in Figure 2.

6=90° 0=165° 6=65

(@) © @

Fig. 2. Parametric study of the different spacing between the parallel microstrip lines

The most common curves configuration is at 90°, such as mentioned in [36]. The different curve
configurations are changed to analyze the best performance of the parallel microstrip lines. The
obtained results for this parametric study stated in Table 7.

This parametric study shows the best results are represented by the curve configuration of 90°
and 155°. However, only the curve response of 155° with +2 mm coupling spacing is shown
accurately at 5 GHz frequency. Therefore, the parallel microstrip lines which offers the best
performance and can operate at 5 GHz is with +2 mm coupling spacing and 155° curves. Therefore,
these best parameters will be used in the following investigation that explores the orientation of
the angular position for proposed inhomogeneous CDR.
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Table 7
The obtained results of the parametric study of the different curve configuration at 1/4 of
the wavelength

Different Curved Configurations

Curves Configuration +1mm (17 mm) +2mm (19 mm)
Freq (GHZ) S11 (dB) S21 (dB) Freq (GHZ) S11 (dB) S21 (dB)
65° 4.982 -4.370 -35.391 5.592 -14.047 -27.980
90° 4.998 -18.091 -1.309 4.984 -18.710 -1.516
155° 5.012 -18.010 -1.721 5.000 -20.538 -2.180
165° 5.012 -13.382  -2.677 4.999 -9.018  -3.415

3.3 Angular Position of the Inhomogeneous Cylindrical Dielectric Resonator

The investigation of the angular position of the inhomogeneous CDR is to find the best angular
position that ensures the maximum electromagnetic coupling from the feeding structure to the
resonator. The different angular position of the inhomogeneous CDR is evaluated, which are at 0,
10°, 27.5°, 30° and 55" as shown in Figure 3. The orientation of angular position initially refers to the
longitudinal axis of the parallel microstrip lines as the references. Subsequently, the orientations of
the angular position are changed or rotated in an anticlockwise direction. The findings of the S-
parameters (S11 and Sz1) responses for this preliminary study are summarized in Table 8.

Fig. 3. Parametric study of the different angular position of the
inhomogeneous CDR

Table 8
The obtained S-parameters (S11 and Sz:1) responses of the parametric study of the different
angular position of the inhomogeneous CDR

Curved Configuration (155°)

- Coupling Spacing (+1 mm) Coupling Spacing (+2 mm)
Angular Position = " (GHz) S11(dB) S (dB) Freq(GHz) Si(dB)  Si(dB)
0° 5.012 -18.010 -1.721 5.000 -20.538 -2.180

10° 5.012 -21.250 -1.569 5.000 -16.860 -2.206
27.5° 5.014 -15.573  -1.759 5.002 -14.228 -2.110

30° 5.012 -27.539  -1.852 5.000 -15.765 -2.142

55° 5.014 -17.195 -1.663 5.004 -12.251 -2.120

The obtained Si1 and S;1 responses show that there is no significant effect on the resonant
frequency as well as the S11 and S;1 performances. However, the orientation without angular position
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has the best performances, which are -20.538 dB of S11 and -2.180 of S;1 at 5 GHz frequency. The
angular position needs to decide which material out of the two being used has been more influences.
Since, the composition of the materials does not have a significant effect on the overall
performances, only single or homogeneous CDR is considered. It can be concluded that the best
configuration for the CDR consists of 155° curved configuration with +2 mm of spacing, which will be
used as a dielectric matching component on microwave amplifier.

4. Implementation of the Homogeneous Dielectric Resonator on Microwave Amplifier for Stability
Performances

The implementation of the homogeneous DR as the dielectric matching for the microwave
amplifier at 5 GHz frequency will incorporate the best configuration which adopted from the previous
parametric studies. The stability performances will be evaluated for unconditionally stable
(FLCO53WG) [37] and conditionally stable (ATF-36077) [38] transistor. The S-parameters responses
from both transistors are imported from their datasheet, while the S-parameters responses of the
CDR are imported as the ‘black box’ in ADS software. The use of the radio frequency (RF) choke
network is to ensure that the correct direct current (DC) operating voltage is supplied to the active
device without allowing the DC supply circuitry to present an improper high-frequency termination
to the device. Meanwhile, the DC block prevents DC from flowing to the output and represented by
the capacitor [31].

In this article, the dielectric material of the homogeneous CDR is represented by Calcium Copper
Titanate (CCTO) with a dielectric permittivity of 34.1991. This homogeneous CDR is placed on top of
the substrates between the parallel microstrip lines of 155° curved configuration with +2 mm of
spacing that acts as dielectric matching on the microwave amplifier. The input and output ports are
connected to the vector network analyzer (VNA) through a SMA connector. The circuit is placed in
the aluminium box to block the noise and interferences. The S-parameters measurements setup
using PNA-X network analyzer is shown in Figure 4.

e
Fig. 4. The S-parameters measurement setup using
PNA-X network analyzer

The stability performance of a microwave amplifier is one of the most important characteristics of
an amplifier circuit. Therefore, to verify the stability of the transistor, the Rollet’s stability, k and
stability, p were observed. The stability represents the values of the stability factor, where it should
be more than 1. This condition is necessary for the two-port network to be operated in an
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unconditional stable condition. If the value of the stability is less than 1, it shows the transistor is
operated in the unstable region. Thus, the microwave amplifier approaches oscillation. In addition,
the negative value for these distances of stability also indicates the microwave amplifier resides in
an unstable region. This stability, u can be determined by using (7), whiles the Rollet’s stability, K is
given in (8) and (9).

pm bl "
|522—C0£l]'(511)2><A|+|2512521|
_1—S111%= S22 +(A|
K=ol 1 (8)
A= [S11]1S22] = 1512115211 < 1 (9)

If K>1 and |A|<1, the microwave amplifier is considered stable and the necessary condition of
stability requirements throughout the selected frequency band is successfully fulfilled. The findings
of this investigation are discussed in the next following section.

5. Results and Discussions

The obtained results for the stability analysis performances of CCTO, which is implemented as
dielectric matching on microwave amplifier are shown in Figure 5 and Figure 6 for the unconditionally
stable (FLCO53WG) and conditionally stable (ATF-36077) transistors, respectively. The comparative
results of CCTO are observed between the simulation in ADS software (ADS-CCT) and the
measurement (VNA-CCTO) for both transistor conditions.

Rollet's Stability

Stabikty

VNA_CCTO|

" T CC
*0-0¢9ADS_CCT A_ccTo

0099 ADS CCT ;
—_— it

Stability
—p
o

(a) (b)

Fig. 5. The stability analysis performances of CCTO for
unconditionally stable (FLCO53WG) transistor

Figure 5 shows the Rollet’s stability, K responses of measurement (VNA_CCTO) is started increases
at 5.1 GHz frequency when the CCTO material of CDR is incorporated for the unconditionally stable
(FLCO53WG) transistor. In between 5.2 GHz and 5.8 GHz frequency, the K is far away from the border
of stability condition, which is 1. Meanwhile, the obtained stability performances from the
measurements (VNA_CCTO) indicates the overall frequency range is operated in a stable condition
within 4.0 GHz until 6.0 GHz frequency.
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Rollet's Stability (ATF36077) Stability (ATF36077)

el eves VXA CCTO el Fep—
ABS_CCT o cer
o | 20 -

Stability
=3

@) ®
Fig. 6. The stability analysis performances of CCTO for conditionally stable

(ATF-36077) transistor

Figure 6 depicts the obtained stability analysis parameter from the simulation (ADS_CCT), which
is operated resides in a stable region only at a certain frequency. Like the unconditionally stable
(FLCO53WG) transistor, the conditionally stable (ATF-36007) transistor also operates in the stable
region for the entire frequency range of 4.0 to 6.0 GHz of the measurement (VNA_CCTO) results. The
peak of the K responses for the ADS_CCT and VNA_CCTO occurs at 4.9 GHz and 5.5 GHz, respectively.
The value of K and stability responses are always related to each other. When the value of K and
stability responses are higher than 1, it indicates that the circuits are operated in a stable region and
successfully perform as the microwave amplifier.

The differences between the simulation (ADS_CCT) and measurement (VNA_CCTO) may be due to
some limitation of the simulator, such as the consideration of the vacuum or aluminium box. Besides
that, the tolerance of substrate, dielectric losses, connector, and conductor used to be having a
potential to influence the obtained results. However, the implementation of homogeneous DR
(CCTO) as the dielectric matching on microwave amplifier shows that it has high potential to perform
as the variable frequency mechanism to overcome the issues addressed.

6. Conclusions

This article presents the CDR as dielectric matching on microwave amplifier for unconditional
stable and conditional stable transistor at 5 GHz frequency. The characteristics of the CDR, especially
for the inhomogeneous CDR, are referred from [29] with the difference of the feeding mechanism
used during the preliminary study on microwave amplifier. The parallel microstrip lines at 5 GHz
frequency is used as the feeding mechanism for the CDR in this article. Meanwhile, the parametric
studies are focused on coupling coefficients and curved configuration between the parallel microstrip
lines and the CDR, which affected the resonant frequency in microwave applications, such as an
oscillator, amplifier, and filter. This parametric study indicates the best performance of S11 and S>1 of
5 GHz frequency occurs at +2 mm spacing distance with 155° of curved configuration, which is -20.538
dB and -2.142 dB, respectively. This curve position configuration improves the performance of
parallel inhomogeneous CDR by 9.77%. Then, the orientation of the angular position is analyzed,
especially for inhomogeneous CDR. The obtained results show the best performance at 5 GHz is
without the angular position, which indicates the orientation of the angular position can be ignored.
All parameters of the preliminary studies are based on the conventional and empirical investigation.
Therefore, the implementation of the CDR is represented by homogeneous CDR as the dielectric
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matching on microwave amplifier. The comparative results of CCTO are observed between the
simulation via ADS software and the measurements for unconditionally stable and conditionally
stable transistors. As results, the issues about the stability and matching techniques on microwave
amplifier are successfully overcome by incorporating homogeneous CDR as the dielectric matching.
The homogeneous CDR that representing by CCTO is successfully working as the variable frequency
mechanism for unconditionally stable and conditionally stable transistor at 5 GHz frequency in
maintaining their stability performances.
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