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Contact Us Today!
Tel: (845) 651-6600

Email: sales@zircarceramics.com
www.zircarceramics.com

Custom Machining
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Low Mass, High Temp. Products
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Free 
Samples!

Technical Ceramics
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• Custom forming of 
technical ceramics
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production quantities

• Multiple C.N.C.  
Capabilities
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Email: sales@advancedceramictech.com
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For more information please, contact us at
219-462-4141 ext. 244 or sales@pptechnology.com
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firing/melting/drying

Columbus, Ohio
614-231-3621
www.harropusa.com
sales@harropusa.com

SERVICES
• Sintering, calcining,
heat treating to
1700°C

• Bulk materials
and shapes

• R&D, pilot
production

• One-time or
ongoing

EQUIPMENT
• Atmosphere

electric batch kilns
to 27 cu. ft.

• Gas batch kilns
to 57 cu. ft.
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�xDebinding, Sintering, Heat Treating, Annealing,
and Brazing. 

�xTemperatures to 2000°C in Vacuum, Ar, N2, and 
Hydrogen Gas  - Refractory Metal Hot Zone 

�xTemperatures to 2300°C in Vacuum, and Ar, N2

Gas  - Graphite Hot Zone. 
�xVolumes up to 6”x6”x15” (150x150x380mm)
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HIGH-TEMP VACUUM FURNACES 

TOLL FIRING & LAB RUNS 
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EVEN EASIER TO USE
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Materials Testing Services

• Thermal Properties
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• QA / QC Across Industries
• 100+ ASTM / ISO Test Procedures

ortonceramic.com/testing
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Call for contributing  
editors for ACerS-NIST  
Phase Equilibria  
Diagrams Program

Professors, researchers,  
retirees, post-docs, and 
graduate students ...
                            The general editors  
              of the reference series  
            Phase Equilibria Diagrams 
           are in need of individuals  
        from the ceramics commu- 
                      nity to critically evaluate  
   published articles containing  
  phase equilibria diagrams.  
                 Additional contributing editors  
               are needed to edit new phase  
            diagrams and write short commen- 
          taries to accompany each phase  
       diagram being added to the reference  
     series. Especially needed are persons  
   knowledgeable in foreign languages  
 including German, French,  Russian, 
Azerbaijani, Chinese, and Japanese.

RECOGNITION:
The Contributing Editor’s name will be 
given at the end of each PED Figure that 
is published.

QUALIFICATIONS: 
Understanding of the Gibbs phase rule 
and experimental procedures for deter-
mination of phase equilibria diagrams 
and/or knowledge of theoretical methods 
to calculate phase diagrams.

COMPENSATION for papers  
covering one chemical system:
$150 for the commentary, plus $10 for 
each diagram. 

COMPENSATION for papers covering 
multiple chemical systems:
$150 for the first commentary, plus $10 
for each diagram.

$50 for each additional commentary, plus 
$10 for each diagram.

FOR DETAILS PLEASE CONTACT:
Kimberly Hill
NIST MS 8520
Gaithersburg, MD 20899, USA
301-975-6009  |  phase2@nist.gov
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People around the world have benefi t-
ted tremendously from the steady advance-
ment of communication technologies.1

Innovations in this fi eld allow consumers 
to access GPS navigation directions that 
account for current traffi  c conditions, 
receive real-time alerts on impending natu-
ral disasters, and monitor their health via 
remote sensors, among other benefi ts.

Since 2019, rollouts of the next 
technological leap in communication 
systems—fi fth generation (5G) mobile 
networks—are gathering momentum 
globally. Compared to the former gen-
eration, 5G networks are expected to 
provide data rates that are 10 times 
faster,2 as well as lower latency and larger 
bandwidths to support the ever-increas-
ing volume of data transmission.

To achieve these improvements,
5G devices operate at higher frequencies 
than 4G devices. While both 4G and 5G 
networks can operate in the same lower 
band of the spectrum (400–700 MHz), 
the 4G network only operates up to 
frequencies of 2.7 GHz. In contrast, the 
5G network can operate in mid-band fre-
quencies (3–5 GHz) as well as in several 
higher mm-wave bands (24.3–71 GHz).3

Currently deployed 5G systems oper-
ate predominately in the mid-band 
frequencies. Researchers are working to 
address the considerable technological 
challenges that hinder wide-scale adop-
tion of mm-wave technology.

For instance, electromagnetic waves 
cannot travel as far at higher frequen-
cies, which therefore reduces coverage 
area substantially. Higher densities of 
smaller base stations and repeaters will 
be needed to overcome this limitation. 
Additionally, base stations that transmit 
mm-waves are expected to have narrower
beams that are steered to locations of
demand rather than broad beams that
cover areas indiscriminately.

Multiple-input multiple-output 
(MIMO) technology is one way of 
accomplishing this change to base sta-
tion operation. In MIMO systems, 

antennas are composed of an array 
of several smaller radiating elements, 
which can alter the shape of the global 
radiation pattern based on demand.

The radiating elements in MIMO 
antennas can be made of metal, poly-
mer, or ceramic. Metallic antennas 
have lower effi  ciencies due to high con-
duction losses, especially at mm-wave 
frequencies, so ceramic or polymer 
dielectric resonator antennas (DRAs) 
are more suitable for this application. 
Ceramics specifi cally are suited for 
this application because, compared to 
polymers, they provide better mechani-
cal and thermal stability, superior heat 
dissipation, lower losses, and fl exibility 
of chemical composition.

To ensure that a DRA operates reli-
ably, its resonant frequency should 
only experience minimal drift with 
temperature changes. This stability 
can be achieved by using a ceramic 
resonator with a near-zero temperature 
coeffi  cient. Additionally, for any given 
material, dielectric losses will increase 
with frequency. So, materials that main-
tain extremely low losses at high-band 
frequencies must be identifi ed. Finally, 
miniaturization is a trend in many elec-
tronics fi elds, and the use of higher per-
mittivity materials allows for the creation 
of compact antennas that operate in 
the mid-band frequencies. However, to 
achieve resonance at mm-wave frequen-
cies in compact antennas, the ceramic 
resonator must have a low permittivity.

Multicomponent ceramics, such as sili-
cate-based compounds,4 are being investi-
gated to meet the requirements for these 
mm-wave applications. Plus, with the
advent of precision ceramic 3D printing,
researchers can begin to envision printing
and sintering net-shape parts with exact
dimensionality, including geometries that
could not be realized by conventional
ceramics processing.

My research currently focuses on mate-
rials for miniaturized DRAs in mid-band 
5G frequency applications. But my group 

is transitioning to materials for mm-wave 
communications, including 3D printing 
ceramic resonators for DRAs.
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Ceramics for antennas in next-gen wireless communication networks

deciphering the discipline
A regular column offering the student perspective of the next generation of ceramic and glass 
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Figure 1. Dielectric 
resonator antenna in an 
anechoic chamber. Inset: 
ceramic dielectric resona-
tor on antenna substrate. 
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Roentgenium

111 2
8

18
32
32
18
1

Rg
(285)

Copernicium

112 2
8

18
32
32
18
2

Cn

4.002602
Helium

2 2

He

10.811
Boron

5 2
3

B
12.0107
Carbon

6 2
4

C
14.0067

Nitrogen

7 2
5

N
15.9994
Oxygen

8 2
6

O
18.9984032
Fluorine

9 2
7

F
20.1797
Neon

10 2
8

Ne

26.9815386
Aluminum

13 2
8
3Al

28.0855
Silicon

14 2
8
4Si

30.973762
Phosphorus

15 2
8
5P

32.065
Sulfur

16 2
8
6S

35.453
Chlorine

17 2
8
7Cl

39.948
Argon

18 2
8
8Ar

69.723
Gallium

31 2
8

18
3Ga

72.64
Germanium

32 2
8

18
4Ge

74.9216
Arsenic

33 2
8

18
5As

78.96
Selenium

34 2
8

18
6Se

79.904
Bromine

35 2
8

18
7Br

83.798
Krypton

36 2
8

18
8Kr

114.818
Indium

49 2
8

18
18
3In

118.71
Tin

50 2
8

18
18
4Sn

121.76
Antimony

51 2
8

18
18
5Sb

127.6
Tellurium

52 2
8

18
18
6Te

126.90447
Iodine

53 2
8

18
18
7I

131.293
Xenon

54 2
8

18
18
8Xe

204.3833
Thallium

81 2
8

18
32
18
3Tl

207.2
Lead

82 2
8

18
32
18
4Pb

208.9804
Bismuth

83 2
8

18
32
18
5Bi

(209)
Polonium

84 2
8

18
32
18
6Po

(210)
Astatine

85 2
8

18
32
18
7At

(222)
Radon

86 2
8

18
32
18
8Rn

(284)
Nihonium

113 2
8

18
32
32
18
3

(289)
Flerovium

114 2
8

18
32
32
18
4

Fl
(288)

Moscovium

115 2
8

18
32
32
18
5

(293)
Livermorium

116 2
8

18
32
32
18
6

Lv
(294)

Tennessine

117 2
8

18
32
32
18
7

(294)
Oganesson

118 2
8

18
32
32
18
8

Nh McCn Ts Og

radiation shielding

zircaloy -4

tantaloy 60

metallic glass

titanium aluminum carbide

rare earth optical �ber dopants

niobium C103

UHP �uorides

SOFC powder

rare earth metals 

carbon nanotubes

99.9999% aluminum oxide

molybdenum TZM

li-ion battery materials

borophene

American Elements Opens a World of Possibilities.....  Now Invent!
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