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ABSTRACT 

Ceramics based on magnesium titanate (MgTiO3) are dielectric 

materials that have the potential to be used in telecommunications 

systems at microwave frequencies, such as filters, antennas, and signal 

generators. This study aims to characterize the resonant frequency and 

output power of (Mg0.6Zn0.4)TiO3 ceramics (abbreviated MZT04) as a 

dielectric resonator (DR) material in a DRO circuit and relate it to the 

structure, microstructure, and bulk density data of the ceramics. The 

MZT04 ceramics were fabricated by compacting MZT04 powder at a 

pressure of 2.5 MPa using a cylindrical die press of 5 mm in diameter 

to become pellets with the same diameter. The pellets were sintered at 

1300℃ by varying holding time for 6, 8, and 10 h to become ceramics. 

Data on the structure of the ceramics were obtained from the X-Ray 

Diffraction (XRD) pattern with Cu-Kα radiation which showed that 

the three ceramics contained MgTiO3 phase, each 87.02; 90.55; and 

87.40 % molar, the rest % is MgO and TiO2 rutile phases. The increase 

in sinter holding time has increased the unit cell volume of the 

MgTiO3 phase from (307.94), (308.61), to (308.94) Å3; the size of the 

lattice parameters (a=b, c) also increased from (5.057, 13.903) Å, 

(5.058, 13.903) Å, to (5.061, 13.914) Å; like wise, the bulk density 

increased from 2.51, 2.82, and 3.04 g/cm3. As a DR material, the three 

ceramics exhibit a resonant frequency signal each at 5.20; 5.21; and 

5.22 GHz with the output power of -19.70; -14.47; -15.70 dBm, and 

the FWHM of the signal is 59.3; 61.6; and 61.2 MHz. Therefore, 

MZT04 ceramics can be applied as the DR material in microwave 

frequencies, especially at ~5.20 GHz. The variations in sinter holding 

time is not significant effect on the position of the resonant frequency.   
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INTRODUCTION 

Magnesium titanate (MgTiO3) ceramic is a dielectric material that plays an important role in 

microwave communications systems like filters, antennas, multilayer capacitors, and signal 

generators [1]–[8]. The ceramics have superior dielectric properties, such as high-quality 

factor (Q <20000 at 8GHz) and medium dielectric constant (εr= 17) so that they can be used 

as a material of a dielectric resonator oscillator (DRO) [9], [10]. DRO is a circuit of microstrip 

lines coupled with a dielectric material that acts as a resonator (see FIGURE 1) [11]–[14]. 

DRO is also one of the oscillators that have a Q value and high-temperature stability [15]. 

DRO has a constant dielectric value between 20 and 80, which can operate up to 100 GHz 

[16]. Dimensions of DRO will be large when used at a low working frequency [17]. FIGURE 

2 shows a block diagram for measuring the resonant frequency of a DR material, where the 

DRO box in FIGURE 2 is the DRO circuit in FIGURE 1 which consists of 4 components. The 

DRO box was connected to a spectrum analyzer and a power supply. FIGURE 3 shows the 

dimensions and the equivalence circuit of the DRO material used in FIGURE 1. 

 

 

FIGURE 1. DRO circuit consists of 4 components: 1, 2, 3, and 4 [18] 

 

 

FIGURE 2. DRO block diagram [18] 
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(a)                                                         (b) 

FIGURE 3. a) Dimensions of a ceramic material used as DRO material in FIGURE 1; b) and its equivalent 

circuit [19] 

 

In FIGURE 1, as already explained, the DRO circuit consists of 4 components, i.e: 1) dielectric 

material, 2) strip line, 3) matching network and 4) feedback element. The dielectric material 

is a ceramic which acts as a resonator and has dimensions as shown in FIGURE 3a. 

Meanwhile, DRO also has a replacement circuit in the form of resistors, inductors, and 

capacitors which parallel connected (see FIGURE 3b). The working principle and function of 

the dielectric material as a resonator are similar to that of the resonator cavity [20]. 

Microwaves stored in the resonator material will supply the permittivity value on the 

resonator’s surface, and microwaves will bounce back between the sides of the resonator wall 

[21]. DRO can work in transverse electrical (TE) mode [22]–[24]. The TE mode is an electric 

wave that propagates in a rectangular waveguide. The TE mode that is often used is TE0.1δ. 

The resulting resonant frequency in the TE0.1δ mode can be deduced using EQUATION (1) 

[25]. 

  (1) 

Where d is the diameter of the resonator (mm), h is the thickness of the resonator (mm) and ℇr 

is the dielectric constant of the resonator.  

MgTiO3-ceramic fabrication has been reported by several authors, one of them by Zhang et 

al. [2] that fabricated (Mg0.97M0.03)TiO3 ceramics for M = Ni, Zn, Co, and Mn and sintered at 

1275 ℃ for 4h. The ceramic with M = Zn, namely (Mg0.97Zn0.03)TiO3, MgTiO3 phase was 

identified as the pure phase.  Further, Kadarosman & Ermawati [21] that fabricated 

(Mg0.9Zn0.1)TiO3 ceramics by adding to 2 wt.% Bi2O3 and sintered at 1000, 1100, and 1200℃ 

for 4 h. It was reported by Kadarosman & Ermawati [21] that the MgTiO3 phase was detected 

as the main phase of (93.63±2.15) % molar at 1000℃, (93.83±1.92) % molar at 1100℃, and 

(90.78±1.89) % molar at 1200 ℃. The rest molar % is the MgTi2O5 phase. Furthermore, Wang 

et al. [26] that fabricated (0.95MgTiO3-0.05CaTiO3) ceramics and sintered at 1200, 1300, and 

1400℃ for 4h. It was reported by Wang et al. [26] that the MgTiO3 phase was detected as the 

main phase for all sinter temperatures accompanied with the CaTiO3 phase. Moreover, 

Ermawati et al. [27] that fabricated (Mg1-xZnx)TiO3 ceramics for x = 0; 0.1; 0.2; 0.3; 0.4; 0.5 

and sintered at 1400℃ for 8 h. For ceramic with x = 0.4, namely (Mg0.6Zn0.4)TiO3, i.e. the 

same ceramic as the ceramic reported in this work, the MgTiO3 phase was identified as the 

main phase (82 %vol.) accompanied with Zn2TiO4 phase. Ermawati et al. [27] reported that 

Zn2TiO4 is another ceramic material that is more conductive when compared to 
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(Mg0.6Zn0.4)TiO3, so its presence in (Mg0.6Zn0.4)TiO3 ceramic system could be detrimental 

because it tended to reduce the dielectric properties of the parent ceramic. However, Ermawati 

et al [27] have not reported the potential use of (Mg0.6Zn0.4)TiO3 ceramic as a dielectric 

resonator material.  

Therefore, this study reports the work to fabricate (Mg0.6Zn0.4)TiO3 ceramics (abbreviated 

MZT04) without accompanied with Zn2TiO4 phase. The aim was to characterize the potential 

of the MZT04 ceramics as resonator materials in DRO circuits at microwave frequencies. The 

discussion is carried out using the structure, microstructure, and bulk density data of the 

ceramics. The ceramics were sintered at 1300℃ by varying holding time of 6, 8, and 10 h. 

METHOD 

Ceramic Fabrication  

The MZT04 powder that was synthesized by Ermawati et al. [27] using the solution mixing 

method from high purity metal powders of as the starting materials were used in this work to 

fabricate the ceramics. In this work, the fabrication of MZT04 ceramics was carried out by 

compacting the MZT04 powder above using the 5-mm diameter of a cylindrical die press & a 

hydraulic hand press. The applied pressure was 2.5 MPa for 10 s. The 2.5 MPa pressure was 

chosen according to the recommendations given by Kadarosman & Ermawati [21], where the 

resulting resonant frequency was 5.11 GHz even for fabrication (Mg0.9Zn0.1)TiO3 ceramics. In 

this work, the MZT04 ceramics were sintered at 1300℃ for 6, 8, and 10 h. 

 Ceramic Characterization 

The structure data was obtained from X-Ray Diffraction (XRD) patterns which were measured 

using Bragg-Brentano Philips X'pert Diffractometer, with Cu-Kα radiation, 2θ range = 15-70° 

and the step size = 0.02°/min. Analysis of the XRD patterns was carried out qualitative and 

quantitatively. The qualitative analysis was carried out using Match! Software to identify any 

crystalline phases in MZT04 ceramics. The quantitative analysis was carried out by the 

Rietveld method using Rietica software to extract the lattice parameter, % molar, and unit cell 

volume data of all identified phases. Microstructural data that was taken from a broken surface 

of each ceramics was identified using a scanning electron microscope (SEM) FEI inspects S50 

with a magnification of 5000x and operating at 20 kV. The average grain and pore diameter 

sizes on the microstructures were analyzed using ImageJ software. FIGURE 4 demonstrates 

the measurement of the average grain diameter on the MZT04 ceramics. 
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FIGURE 4. A demonstration of measuring an average diameter of a grain using ImageJ software from different 

positions (No. 1-8) due to the asymmetrical shape of the grain. Inset table: the measured grain diameters from 

the 8 different positions, i.e. the “length” column. 
 

The bulk density of MZT04 ceramics was measured with the Archimedes method integrated 

to HyperTerminal software using EQUATION (2) [28]. 

d
a

w a

m

m m
 =

+   (2) 

Where ρ is a bulk density of the ceramic (g/cm3), md is the dry mass of ceramic (g), ma is the  

Archimedes mass (g), mw is the wet mass of ceramic (g), and ρa is the density of aquadest 

(g/cm3) as the medium. The resonant frequency of the ceramics in the DRO circuit was 

measured using a spectrum analyzer (Keysight MXA Signal Analyzer N9020A) operating in 

TE018 mode within 3-12 GHz, 9-12 Volt, and 100-200 mA. FIGURE 5 shown a set up 

experiment to measure the resonant frequency of MZT04 ceramic in the DRO circuit. 

 

FIGURE 5. The MZT04 ceramic resonant frequency measurement as a DR material in a DRO circuit. 
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In FIGURE 5, The set up experiment consists of 4 main components, namely A, B, C, and D, 

where A = the square box = DRO circuit as described in the Introduction section, B = MZT04 

ceramic as a DR material, C = 2 types of connector (black and red) to connect A to the power 

supply and D = the connector that connects A to the spectrum analyzer. 

RESULT AND DISCUSSION 

Structure  

FIGURE 6 shown the XRD patterns of the three MZT04 ceramics measured using a Bragg-

Brentano Philips X'pert Diffractometer, with Cu-Kα radiation, 2θ range = 15-70°, and the step 

size = 0.02 °/min. The phase identification on the patterns in FIGURE 6 was carried out using 

the Match! Software. FIGURE 7 shows the results of the refinement of the three XRD patterns 

in FIGURE 6 using the Rietveld method and Rietica software. TABLE 1 summarizes the 

results of refinement using the Rietveld method for the three patterns in FIGURE 7 consisting 

of % molarity, lattice parameters, and unit cell volume for all identified phases. 

 

FIGURE 6. The XRD patterns of the MZT04 ceramics sintered at 1300 ℃ for 6, 8, and 10 h, Symbol * = MgTiO3 

(PDF No. 06-0494), # = TiO2 rutile (PDF No. 21-2176), o = MgO (PDF No. 45-0946). 
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(a) 

 
(b) 

 
(c) 

FIGURE 7. The rietveld refinement of the XRD patterns in Figure 6 for (a) 6 h, (b) 8 h, (c) 10 h, (a) FoM = 

2.206; Rp = 13.69; Rwp = 17.51; Rexp = 11.79, (b) FoM = 2,047; Rp= 13.00; Rwp= 16.92; Rexp= 11.83, (c) FoM = 

1.962; Rp= 12.88; Rwp= 16.56; Rexp= 11.82. 
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TABLE 1. The output of Rietveld refinement on FIGURE 7 consists of % molar, lattice parameters, and unit cell 

volume of the three MZT04 ceramics. 

MZT04 

ceramics, 

1300 °C 

Identified 

phase 
Lattice parameters 

(Å) 

Unit cell 

volume (Å3) % Molar 

6 h 

MgTiO3 a=b 5.057 
307.94±0.08 87.02±2.01 

c 13.903 

TiO2 a=b 4.592 
62.46±0.06 12.96±1.22 

c 2.961 

MgO a=b=c 4.216 74.94±0.03 0.02±0.00 

8 h 

MgTiO3 a=b 5.058 
308.01±0.08 90.55±2.23 

c 13.900 

TiO2 a=b 4.956 
62.44±0.07 9.44±1.03 

c 2.956 

MgO a=b=c 4.213 74.80±0.03 0.02±0.00 

10 h 

MgTiO3 a=b 5.061 
308.94±0.12 87.40±2.74 

c 13.914 

TiO2 a=b 4.607 
62.69±0.12 12.58±1.79 

c 2.953 

MgO a=b=c 4.220 75.17±0.04 0.02±0.00 

Before discussing FIGURE 6-7, and TABLE 1 in detail, we will first discuss the phenomenon 

of the increase in the background spectrum at 2 theta = 40-70° in FIGURE 6. The increase in 

the background may be closely related to the high sintering temperature (1300 ℃) which was 

applied to the MZT04 ceramics. According to Cullity & Stock [29], this phenomenon was due 

to the atom’s thermal vibrations, which can result in a decrease in the intensity of diffraction 

and scattering in all directions which is called temperature diffuse scattering (TDS) as shown 

in FIGURE 8. 

        
    (a)                                                                        (b) 

FIGURE 8. The comparison of the diffraction pattern (hypothetical pattern) between: (a) without the TDS 

phenomenon and (b) the presence of the TDS phenomenon due to the high heating temperature of the sample 

[29]. 

In FIGURE 8a, the hypothetical pattern of atoms at rest (atoms are not subjected to thermal 

vibration due to heating temperature is not high). The hypothetical pattern consists of three 

peaks with the same distance and intensity and without a background. Meanwhile, FIGURE 

8b shows the same peaks as FIGURE 8a but the intensity is reduced by a factor of e-2m and at 

the same time the peak intensity is 'corrupted' by the background due to the TDS phenomenon. 

The TDS phenomenon was observed when one of the three XRD patterns in FIGURE 6 was 

compared with the XRD pattern of the same ceramic but sintered at 1100℃ for 2 h (see 

FIGURE 9). 
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FIGURE 9. The comparison of XRD patterns intensity and background  in (Mg0.6Zn0.4)TiO3 ceramic reported in 

[30] without TDS Phenomenon versus those of (Mg0.6Zn0.4)TiO3 ceramic examined in this present study. 

In FIGURE 9, the intensity of the diffraction peaks when the ceramic was sintered at 1100℃ 

is much higher than when sintered at 1300℃. In addition, the increase in the background in 

FIGURE 9 was visible at 2 theta = 40-70°. This is an indication of the TDS phenomenon that 

occurs in the (Mg0.6Zn0.4)TiO3 ceramics in this study. 

Returns to FIGURES 6-7, and TABLE 1. In FIGURE 6, the peaks with '*' and Miller indices 

correspond to the diffraction peaks belonging to the MgTiO3 phase (PDF No. 06-0494). The 

minor peak with '#' corresponds to the TiO2 rutile phase (PDF No. 21-2176). Wile, another 

minor peak with 'o' corresponds to the MgO phase (PDF No. 45-0946). Therefore, in FIGURE 

6, MgTiO3 becomes the dominant phase. As a result, the MZT04 ceramic fabrication carried 

out in this study was proven to produce MgTiO3 as the main phase, i.e. 87.02 – 90.55 % molar, 

and the remaining % is for TiO2 and MgO minor phases (see TABLE 1). No peaks containing 

Zn were identified in FIGURE 6. This indicates that the mol fraction of Zn2+ ions have 

successfully entered the structure of Mg2+ ions to form a substitution solid solution (see Fig. 

10 for an illustration of substitution solid solution and the explanation).  

In FIGURE 7, the red line represents the calculated (model) diffraction pattern, the “+” symbol 

represents the measured (experimental) diffraction pattern, the blue vertical line under the 

diffraction pattern represents the Bragg peak belonging to all identified phases, namely 

MgTiO3, MgO, and TiO2. The green line shows the difference in intensity between the 

experimental and the model diffraction patterns. Figures of Merit (FoM) of the refinement 

consisting of the weighted factor (Rwp), experimental factor (Rexp), and the profile factor (Rp) 

are also shown. According to Ermawati [24], when the value of Rp, Rwp, and Rexp are less than 

20% and the FoM index is less than 3% are the refinement has been successful and the output 

of the Rietveld refinement (i.e. data in TABLE 1) can be used for further analysis.  

In TABLE 1, no extra phase of Zn2TiO4 was identified as reported by Ermawati in [27]. 

Therefore, the fabrication method reported in this study successfully to remove the Zn2TiO4 

in the MZT04 ceramic system. The increased in sinter holding time expands the lattice 
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parameter size  (a=b, c) in the MgTiO3 phase, i.e. 5.057, 13.903 Å for 6 h; 5.058, 13.903 Å for 

8 h; and 5.061, 13.914 Å for 10 h. This same trend was also detected in the unit cell volume 

size in the MgTiO3 phase, i.e. (307.94±0.08) Å3 for 6 h; (308.01±0.08) Å3 for 8 h; and 

(308.94±0.12) Å3 for 10 h. 

 

FIGURE 10. The substitution solid solution of the MZT04 ceramic [31]. 

In FIGURE 10, a regular expanse of spherical balls illustrates the position of Mg2+ ions in 

the MZT04 ceramic structure. Some of the Mg2+ ions are replaced by Zn2+ ions as dopant 

agent giving rise to a substitution solid solution. The Zn2+ ions were chosen based on several 

considerations, i.e. 1) to lower the formation temperature of the MgTiO3 phase from 700℃ 

(without Zn2+ ions addition) to 550 ℃ (with the addition of Zn2+ ions) [32]; 2) the Zn2+ ions 

have a fairly low melting point (420 ℃ [33]) as compared to the formation temperature of 

MgTiO3 phase, i.e. (550℃ [34]); 3) the Zn2+ and Mg2+ ions both have the same coordination 

number, i.e. octahedral so that there is no possibility for electrons to transfer (donor or 

acceptor) among the 2 ions so that the potential disturbance to the parent ceramic structure 

due to the addition of doping ions can be prevented [32]; and 4) the radius of Zn2+ ions is 

similar to that of Mg2+ ions, namely 0.72 Å (Mg2+ ions) and 0.74 Å (Zn2+ ions) [32]. 

However, the radius of Zn2+ ions are relatively larger than the radius of Mg2+ ions, therefore 

the presence of Zn2+ ions in the parent ceramic structure has the potential to increase the 

lattice parameter and the unit cell volume size of the parent (MgTiO3) phase in the MZT04 

ceramic (see TABLE 2). 
 

TABLE 2. The comparison of lattice parameters and unit cell volume of MgTiO3 phase in PDF No. 06-494 

database versus in MZT04 ceramics fabricated in this work. 
Pure MgTiO3 (PDF No. 06-494) MgTiO3 phase in MZT04 ceramics sintered at 1300 ℃ 

a=b (Å) c (Å) 
Unit cell volume 

(Å3) 

Sinter holding 

time (h) 
a=b (Å) c (Å) 

Unit cell volume 

(Å3) 

5.054 13.899 (307.40) 

6 5.057 13.900 (307.94±0.08) Å 

8 5.058 13.904 (308.01±0.08) Å 

10 5.061 13.914 (308.94±0.12) Å 

Based on TABLE 2, it is confirmed that the Zn2+ ions doping has increased the lattice 

parameter and unit cell volume size of the MgTiO3 phase in the MZT04 ceramic system.  

Microstructure and bulk density 

FIGURE 11 shows the microstructure of the three MZT04 ceramics that was taken from a 

broken surface and measured using a scanning electron microscope (SEM) FEI inspects S50 

with a magnification of 5000x and operating at 20 kV. FIGURE 12 shows the average diameter 

of the grains and pores that were measured using the ImageJ software as shown in FIGURE 

4. FIGURE 13 shows the bulk density of MZT04 ceramics at the three-sintering holding time. 

Mg2+; r = 0,72 Å 

Zn2+; r = 0,74 Å  
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(a) 

 

 
(b) 

 

FIGURE 11. Microstructure of MZT04 ceramics with 5000x magnification after sintering for: (a) 6 h, (b) 8 h 
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(c) 

 

FIGURE 11. Microstructure of MZT04 ceramics with 5000x magnification after sintering for: (c) 10 h (cont.). 
 

 
FIGURE 12. The average diameters of grains and pores of MZT04 ceramics with three variations of sinter 

holding time 

In FIGURE 11, the surfaces of MZT04 ceramics are very dense and consists of grains (gray 

and white colors in the red circle) and pores (black in the yellow circle). The grains were not 

grown but they agglomerated. Using the ImageJ software, the grain and pore diameters were 

measured and plotted in FIGURE 12. As shown in FIGURE 12, the grains size increased from 

879 nm (for 6 h), 972 nm (8 h), to 990 nm (10 h). Conversely, the average pores diameter 
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decreased from 612 nm (for 6 h), 599 nm (8 h), to 540 nm (10 h). Based on that, the increase 

in sintering holding time has enlarged the diameter of grain and reduced the size of the pores. 

The decrease in the pore size diameter has led to an increase in the bulk density of MZT04 

ceramic (see FIGURE 13). 

 

FIGURE 13. Bulk density of MZT04 ceramics as a function of sinter holding time 

 

In FIGURE 13, bulk density of MZT04 ceramics increased from 2.51 g/cm3 (for 6 h), 2.82 

g/cm3 (8 h), to 3.04 g/cm3 (10 h). Based on that, the increase in the sintering holding time 

affects the bulk density of MZT04 ceramics. Rettingtyas & Ermawati [35] reported that 

(Mg0.8Zn0.2)TiO3 ceramics sintered at 1100℃ for 4, 6, and 8 h was able to produce higher bulk 

density, i.e. 3.382; 3.582; 3.667 g/cm3. Hence, the bulk density of MZT04 ceramics in this 

study is lower when compared to the bulk density of (Mg0.8Zn0.2)TiO3 ceramics reported by 

Rettingtyas & Ermawati [35]. A decreased bulk density of ceramics in this study might be 

related to the sinter holding time at high temperature as reported by Akmal & Ramlan [36] on 

Na-β-Al2O3 ceramics. Akmal & Ramlan explained that when the sinter holding time is 

increased, the pore size becomes larger because the gas needed to strengthen the bonds 

between atoms burns and evaporates which causes the density of the ceramic to decrease. 

However, the examination on this effect to the MZT04 ceramic systems has not been 

performed yet.  

The resonance frequency and output power as DR material 

FIGURE 14 shows the characterization of the resonant frequency and output power of the 

three MZT04 ceramics when the ceramic acts as a DR material in the DRO circuit as measured 

using a spectrum analyzer in the frequency range of 3-12 GHz with TE0.1δ mode. 
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FIGURE 14. Resonant frequency signal of MZT04 ceramics as DR material in DRO circuit 

 

In FIGURE 14, the position of peak resonant frequency is shifts slightly to the right as the 

sintering holding time increases, i.e 5.20 GHz (for 6 h) with the output power of -19.70 dBm; 

5.21 GHz (8 h) with the output power of -14.47 dBm; and 5.22 GHz (10 h) with the output 

power of -15.69 dBm. This indicates that the increased sinter holding time has slightly shifted 

the peak of the resonant curve toward a higher frequency. In addition, the increase in sinter 

holding time also tends to cause the output power to be closer to zero, i.e. from -19.70, -14.47, 

to -15.69. The condition of the output power that is close to zero is desirable because it 

indicates that all parts of the ceramic have resonated at the same frequency. Data in FIGURE 

14 confirmed that the three MZT04 ceramics fabricated in this work are capable of acting as 

resonator materials in the DRO circuit. FIGURE 15 shows the fitting of the resonant frequency 

curves in FIGURE 14 to the theoretical Gaussian curve in FIGURE 16. 

In FIGURE 15, the full width at half maximum (FWHM) of the resonant frequency curve is 

59.3 MHz (for 6 h), 61.6 MHz (8 h); and 61.2 MHz (10 h), see “w” values in the blue boxes. 

As seen, the FWHM of the resonant curve of the ceramics slightly increased with sinter 

holding time. In other word, the increase in sinter holding time causes the FWHM to increase. 

Izza & Ermawati in [18] that fabricated (Mg1.0Zn0.0)TiO3 ceramics reported the DR resonance 

frequencies of the ceramics were at 5.0-5.2 GHz. Meanwhile, Kadarosman & Ermawati in 

[21] that fabricated (Mg0.9Zn0.1)TiO3 ceramics reported the DR resonant frequencies was at 

5.08-5.12 GHz. The DR resonance frequency in  [18] and in [21] are similar to those in this 

work, but they did not measure the FWHM of the resonance frequency curves. All the results 

obtained in FIGURES 14 and 15 are the result of the similar structure and microstructure of 

the three MZT04 ceramics as well as the increase of bulk density along with increasing sinter 

holding time. 
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(a)                                                                           (b)  

 
      (c) 

FIGURE 15. Fitting the MZT04 ceramic resonance frequency curves at sinter holding time of: (a) 6 h, (b) 8 h, 

(c) 10 h to the Gaussian curves. The “w’in blue boxes shows the FWHM of the curve. 

 

 

FIGURE 16. The theoretical Gaussian curve. 
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CONCLUSION 

The work to fabricate and characterize MZT04 ceramics sintered at 1300℃ by varying the 

holding time at 6, 8 and 10 h has been completed. The ceramic has MgTiO3 as the main phase 

without accompanied by Zn2TiO4 at all. The microstructure of ceramics a very dense with 

increasing density along with the increase in sintering time, the three ceramics are also proven 

can be applied as a DR material in a DRO circuit because the ceramics are able to produce the 

resonant frequency signals at microwaves, especially at ~5.20 GHz with output power that is 

getting closer to zero along with an increase in sinter holding time from 6 to 8 h. 
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