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Abstract—This paper presents three 120 GHz low 
temperature co-fired ceramics (LTCC) microstrip antenna 
designs with different performance to complexity  ratio. The first 
one is a simple one layer rectangular patch with narrow (4.9%) 
bandwidth, given for reference purpose. In second construction 
dielectric-filled cavity is used for bandwidth enhancement to 
10%. Third antenna is further improved by application of 
optimized, wideband microstrip feed line width transition at 
cavity boundary. Several designs of the transition are evaluated 
with electromagnetic simulation considering their performance, 
complexity and resistance to manufacturing inaccuracies. The 
two-step gradual transition with moderate complexity and 
satisfactory performance is used in the third antenna design 
resulting with improved resistance to manufacturing inaccuracies 
and 12.5% bandwidth. 

Keywords—microstrip antenna; LTCC; sub-THz; mm-wave 

I.  INTRODUCTION 
Low Temperature Co-fired Ceramics (LTCC) is a very 

promising technology for integration of subterahertz devices 
with high performance and moderate cost. Properties of this 
type of ceramic structures makes it also a noteworthy 
candidate for integration of antennas [1,2]. LTCC structures 
are created from stacked layers of thin, flexible ceramic tape 
that can be easily cut to various shapes [3]. On the 
individually processed layers, conductive traces can be applied 
with inexpensive screen printing technique. Inter-layer 
connections are also available using filled vias. After co-firing 
process layers are hardened and permanently combined 
providing robust construction with excellent resistance to 
various environmental conditions. LTCC substrates are 
typically low loss and available in selection of thicknesses and 
permittivities. Low firing temperatures allow using good 
conductivity metals for low-loss interconnections. Large 
number of ceramic layers can be stacked to achieve desired 
thicknesses. It provides great flexibility in 3D design of 
components. The manufacturing process for LTCC is well 
proven and cost effective. However, there are some limitations 
that have to be considered in antenna design, especially in sub-
THz range where element sizes are typically very small. 

Despite 3D design capabilities of LTCC, the height of the 
structure is limited and restricted to discrete values due to 
layered construction. Consequently planar antennas are 
preferred for these ceramic structures. In our research 

mictrostrip patch antennas are considered. These antennas 
have relatively simple, planar construction using standard 
LTCC features and can be easily connected to other devices as 
well as to measurement equipment. Operation of microstrip 
antennas is strongly dependent on substrate properties [4,5]. 
For efficient radiation and wide bandwidth, low permittivity 
materials are required. Another important factor is substrate 
thickness. Increasing dielectric height leads to bandwidth 
enhancement but also to higher losses, especially in higher 
permittivity materials due to surface waves excitation. Typical 
LTCC ceramics have high permittivities in the range of 6 to 
10. Using such materials requires special construction for 
effective and wideband operation. 

Our previous experience with LTCC manufacturing 
showed that significant inaccuracies can occur and lead to 
degradation of antenna parameters [6,7]. Therefore for future 
integration in LTCC structure reliable antenna design with low 
susceptibility to typical production errors is needed. To 
achieve that goal and obtain good bandwidth and gain 
performance, new antenna design is proposed. 

During research various structure constructions and 
materials were examined. One of the attempts to decrease 
effective permittivity while increasing substrate thickness for 
wider bandwidth was using buried air-filled cavity [6]. 
Unfortunately manufacturing process of such buried cavities 
was demonstrated to be very difficult and unreliable. It was 
also found that standard LTCC process can have significant 
dimensional inaccuracies caused mainly by shrinkage of the 
substrate during firing and layers misalignment. To overcome 
these issues different type of material was chosen. The “zero 
shrinkage” type of LTCC foil ESL ElectroScience 41110-T is 
optimized for high XY plane dimensions stability at the cost 
of higher shrinkage in Z axis. It also requires special 
lamination process on alumina base substrate with firing after 
lamination of each layer, which provides better deformation 
resistance. Another advantages of this material are low 
permittivity (ε = 4.05), loss tangent (tgδ = 0.0015) and layer 
thickness (h = 70 µm, fired). 

II. SINGLE LAYER ANTENNA 
In attempt to design possibly wide bandwidth patch 

antenna for integration with 120 GHz system in LTCC 
structure a series of models with increasing complexity was 
created. The most simplified, reference design is single LTCC 
layer structure shown in Fig. 1.  

This work was supported by The National Center for Research and 
Development (NCBiR) in Poland, contract no. PBS3/A3/18/2015. 
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Fig. 1. Single substrate layer patch antena structure; radiator length: 548 µm, 
radiator width: 2071 µm 

On the surface of the structure rectangular patch radiator is 
placed with 50 Ω microstrip feed line connected to wide side. 
Typically in patch antennas input impedance can be adjusted 
using thin cutouts in-line with feed line edges, but that 
technique cannot be used due to very small size of the radiator 
and insufficient resolution of the conductor screen printing 
process. In this case impedance is sufficiently matched by 
adjustment of radiator geometry. On the bottom surface 
metalized ground plane is created. For simulation purposes the 
feed point is located at the open end of the microstrip line. In 
practical application antenna can be connected to transceiver 
using direct bonding or vias or alternatively to measurement 
equipment with GSG RF probes, provided that ground contact 
points are placed on the sides of the line. 

As expected, with low substrate thickness achieved 
bandwidth is limited. Full-wave electromagnetic simulations 
performed with Altair FEKO software using method of 
moments allowed to establish reflection coefficient 
characteristics (Fig. 2) and radiation patterns (Fig. 3). Antenna 
bandwidth equals 4.9% and maximum gain is close to 8 dBi. 
Radiation patterns are stable within operating frequencies. 
Visible ripples in radiation characteristics are expected to be 
the effect of wave interference on the substrate’s edges which 
was subsequently proved by simulation of enlarged structure.  

 
Fig. 2. Reflection coefficient magnitude characteristics of single substrate 
layer patch antena 

 
Fig. 3. E-plane (left) and H-plane (right) radiation patterns of single substrate 
layer patch antena, co-polar component 

III. DOUBLE LAYER ANTENNA 
To enhance bandwidth of the antenna substrate thickness 

has to be increased. However excessive thickness, above 0.1 λ 
is undesirable because it causes significant increase of losses 
in microstrip line due to surface waves excitation. With height 
adjustment limited to multiples of 70 µm number of layers 
cannot be  increased without violating 0.1 λ restriction. To 
combine this contradicting requirements dielectric-filled 
cavity was used as shown in Fig. 4 (ceramic layers in figure 
are numbered in the order of their lamination and firing).  

 

 

Fig. 4. Two substrate layer patch antena (top view and longitudinal section); 
radiator length: 469 µm, radiator width: 1627 µm, opening length: 600 µm, 
opening width: 2796 µm 

To create a cavity, an opening in groundplane (metal layer 
2) under the radiator is formed. The cavity is terminated at the 
bottom with metal layer 1 and at all sides with lines of vias 
located 100 µm from opening perimeter of the cavity. 
Separation of cavity from the rest of substrate prevents surface 
waves leakage. As the result of cavity placement, substrate 
thickness is increased only locally, directly underneath the 
radiator, not affecting the feed line. Dimensions of the radiator 
and opening in metal layer were optimized to achieve good 
impedance matching and maximum gain in direction 
perpendicular to radiator surface. 

Results of the electromagnetic simulations showed 
substantial bandwidth enhancement (Fig. 5) of more than two 
times (to 10.0%) with same maximum gain (8 dBi) and similar 
radiation patterns to single layer construction (Fig. 6). 

 
Fig. 5. Reflection coefficient magnitude characteristics of two substrate layer 
patch antena 
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Fig. 6. E-plane (left) and H-plane (right) radiation patterns of two substrate 
layer patch antena, co-polar component 

IV. MICROSTRIP LINE IMPEDANCE MATCHING IMPROVEMENT 
A two layer antenna structure presented in paragraph III 

provides good compromise between wide bandwidth and 
construction complexity. However with observed continuous 
improvement of LTCC manufacturing quality at our partner 
organization, further bandwidth enhancement possibilities 
were investigated. 

As it can be seen in Fig. 4 the microstrip feed line has 
constant width of 140 µm across whole length, even though 
part of it lies over the cavity. Due to change in substrate 
thickness that part’s characteristic impedance is increased to 
about 77 Ω. As a result of this simple feeding line geometry 
antenna can only be matched in limited frequency range. 
Therefore to achieve the widest possible antenna bandwidth, 
geometry of feeding circuit has to be improved. 

As an intermediate step to achieve this goal, various 
transitions of 50 Ω microstip line between two different 
substrate thicknesses has been examined. Simulation models 
of sections of microstrip line on substrate comprising cavity 
with several different transition geometries have been 
prepared, tested and optimized. In each case the line width 
over the cavity is increased locally to 314 μm to provide 
assumed impedance. Every model was characterized for 
reflection coefficient (|S11|) in the frequency range from 90 to 
140 GHz (Fig. 7). In four cases satisfactory results were 
achieved. The least complex solution B, where step increase of 
line width near (10 µm) cavity boundary was used, achieved 
good results with |S11| < –23 dB in whole band. Similar results 
were exhibited by construction D with line and cutout width 
increasing along exponential curves. The best results (|S11|  
< –31 dB and |S11| < –33 dB) were achieved for transitions D, 
with two-step gradual transition through intermediate stage 
with corresponding cutout in middle metal layer and E, a 
different version of transition using exponential curves. 

To further evaluate designed microstrip transitions their 
resistance to manufacturing inaccuracies was investigated. 
Important issues in manufacturing of LTCC structures are 
misalignments between screen printed conductor layers and 
inaccurate via positioning. In order to test influence of these 
issues on transition’s parameters a set of models were 
prepared where top conductor layer was moved in relation to 
middle layer ±25 and ±50 µm along X and Y axes and another 
set with analogous changes in vias positioning. Results of the 
simulations are summarized in Table I. 

Despite good optimized parameters, transition B reveals 
high sensitivity to the investigated manufacturing inaccuracies 

– its reflection coefficient increases excessively with both 
conductor layers and vias misalignments. Transition D in turn 
is sensitive mainly to conductor layers misalignments. Both B 
and D have been rejected as a candidates for further design. 
Remaining C and E transitions exhibit acceptable performance 
in all tests being carried out. Transition E is less suitable for 
LTCC manufacturing techniques due to curved edges difficult 
to be obtained with limited resolution of screen printing 
technique. Thus two-step transition C is selected as preferable 
design for antenna bandwidth improvement. It offers good 
performance with moderate increase in structure complexity. 

V. IMPROVED ANTENNA DESIGN 
To evaluate bandwidth enhancement possibilities, the 

aforementioned two-step microstrip line transition was 
implemented to two layer patch antenna structure (Fig. 8). To 
achieve good impedance matching between radiator and feed 
line slight modifications in dimensions of patch and transition 
were necessary, as input impedance at the edge of the radiator 
is not equal to 50 Ω. 

 
Fig. 8. Two substrate layer patch antena with improved microstrip transition; 
radiator length: 492 µm, radiator width: 1887 µm, opening length: 734 µm, 
opening width: 2711 µm 

 

 
Fig. 7. Reflection coefficient magnitude characteristics of single substrate 
layer patch antena 

TABLE I.  MAXIMUM |S11| IN 90–140 GHZ RANGE 

Transition 
type Reference Worst case of misalignment 

conductor layers vias 
A –5,92 dB – – 
B –23,87 dB –9,56 dB –12,19 dB 
C –31,82 dB –15,43 dB –23,06 dB 
D –22,88 dB –14,94 dB –17,58 dB 
E –33,22 dB –15,70 dB –24,01 dB 
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Model of the antenna structure with optimized dimensions 
was used to determine characteristics of reflection coefficient 
and radiation patterns at 90–140 GHz frequency band. As can 
be seen in Fig. 9 bandwidth of the antenna with microstrip 
transition is wider than two layer antenna and equals 12.5%. 
Radiation patterns are not noticeably changed and remain 
stable within operating frequencies (Fig. 10). Maximum gain 
is also at the same level of 8 dBi. 

 
Fig. 9. Reflection coefficient magnitude characteristics of two substrate layer 
patch antena with microstrip transition 

 
Fig. 10. E-plane (left) and H-plane (right) radiation patterns of two substrate 
layer patch antena with microstrip transition, co-polar component 

VI. SENSITIVITY TO MANUFACTURING INACURRACIES 
Results for microstrip line models show that conductor 

layers and vias misalignments are a main source of parameters 
degradation. Consequently, influence of common 
manufacturing issues on antenna parameters was also 
investigated. Two wideband two-layer structures were 
compared: without and with microstrip transition described in 
sections III and V respectively. A series of antenna models 
with top conductor layer position offset in relation to middle 
layer of ±25 and ±50 µm along X and Y axis were prepared. 
Analogous models were created for vias misalignment. As can 

be seen in Fig. 11 and 12 antenna without improved transition 
is noticeably more detuned by misalignment than model with 
transition. In model with improved transition inaccuracies led 
to increase mismatch at resonance frequency. In both cases 
bandwidth is not greatly affected by the offset, but in antenna 
without improved transition it is shifted in frequency. It should 
be noted that for antenna with improved transition negative 
conductor layer offset in X axis led to slight increase of 
bandwidth. 

 
Fig. 12. Reflection coefficient magnitude characteristics of two substrate layer 
patch antenna with microstrip transition for several top layer and vias offset 
cases 

VII. CONCLUSION 
This paper presents three microstrip patch antenna designs 

for LTCC technology with different level of complexity. With 
increase in complexity, wider operating bandwidth can be 
achieved. As a solution to improve antenna performance, 
wideband transition between different microstrip widths at the 
point of change in substrate thickness is proposed. Analysis of 
performance and resistance to manufacturing inaccuracies of 
several transition designs is presented. Application of 
improved transition design to patch antenna structure is also 
shown. Comparison of performance and sensitivity to 
production issues for antennas with and without improved 
microstrip transition was also performed. Results of 
electromagnetic simulations show that improved feed line 
transition can increase antenna bandwidth and positively affect 
its performance and resistance to fabrication inaccuracies in 
case of LTCC layers misalignments. 
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