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Abstract— It is shown that for an optimal substrate thickness 

ALD technology will be promising for IF bandpass filter 

designing. A two-conductor stripline ALD resonator with 

central frequency 200 MHz will have Q-factor 53 with total 

length 3.7 mm (0.0025λg) and the frequency separation of the 

first and the second oscillation modes up to 59. Two bandpass 

filters for VHF and UHF designed and fabricated for 

commercial application display good agreement between the 

simulation and the experiment. A 3-pole bandpass filter with 

central frequency 255 MHz and lateral size 15.8×3.2 mm2 has 

stopband width 13.5f0, and a 6-pole bandpass filter with central 

frequency 1250 MHz and lateral size 4.4×5.1 mm2 has stopband 

width 9.4f0. 

Keywords— stripline resonator, quality factor, bandpass filter, 

atomic-layer deposition 

I. INTRODUCTION  

Recently, a number of microelectronics technologies 
are being actively developing, which make it possible to 
design multilayer bandpass filters having unique 
characteristics for commercial or scientific applications. 
Among them are LTCC [1-4], PCB[5] and LCP[6,7] 
filters, which are interesting in terms of discreet 
multilayer devices having unique physical and electrical 
characteristics; IPD [8], semiconductor (CMOS) [9,10] 
and ALD technologies are interested because they allow 
one to integrate passive frequency-selective devices 
with active components. For a multilayer stripline 
resonator, which conception was proposed in 2007 [1], 
it was shown that increase in the number of metallic 
layers and decrease in the thickness of the dielectric 
interlayers will bring to significant reduction of 
resonator length and separation of the resonant 
frequencies [11]. And it is obvious that the multilayer 
technologies mentioned above can make filters based on 
the resonator competitive with SAW and LC-filters in 
VHF and UHF bands, at least in terms of a filter size and 
stopband width. Several promising filters have been 
already presented designed using LTCC [3] and LCP 
technologies, which confirm the assumption.  

Much attention is currently being devoted to the 
analysis of losses in semiconductor substrates for 
integrated circuits due to eddy currents; new inductors 
designs [12], new models [13] and losses calculation 
methods [14] have been proposed. However, it should 

be marked that among the recently presented filter 
designs, external grounded layers are situated close to 
top or bottom topology layers. This situation is more 
common for LTCC filters [2,3], when the top and the 
bottom screens are separated from topology layers by 
dielectric layers with thickness equal 0.1-0.2 mm; and 
semiconductor filters [9,10], where a ground layer is 
deposited on the top of a semiconductor substrate. Small 
separation of topology layers in multilayer structures 
from screens, of course, reduces the size of devices, but 
also greatly reduces the unloaded Q0-factor of 
resonators.  

In this letter we present a simulation result for three 
main currently used resonators, displaying how the 
distance to the ground influences on the unloaded Q0-
factor. Next, a resonator and two bandpass filters (VHF 
and UHF bands), having lateral size comparable with the 
smallest presented filters, are demonstrated, where 

 
Fig. 1. Dependence of unloaded Q-factor versus substrate thickness 
hd for 3 electrodynamic resonators (left axis) and relative change of 
Q-factor with 10 times change of conductivity of the ground layer 
for different hd (right axis, only for stripline resonator). 
 

 
Fig. 2. Structure of the ALD stripline resonator 
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dielectric substrate were obtained by atomic layer 
deposition of Al2O3. 

II. UNLOADED Q-FACTOR 

Three main electrodynamic resonators are used in the 
modern bandpass filters: microstrip resonators; coplanar 
resonators; and stripline resonators. All the resonators 
are very sensitive to a dielectric loss in a substrate, 
however, resonators unloaded Q0-factor is also sensitive 
to substrate thickness. Thickness reducing leads to 
decrease of an inductance per unit length and, 
correspondingly, Q0-factor. For example, for microstrip 
line with low dielectric permittivity of substrate L can be 
approximately found as [15]: 

0

8
ln

h
L

w
≈ µ

 
 
 

, and 0

1eqvZ L
Q

R R C
= = , 

where h is substrate thickness, w is resonators width, C 
is a capacitance per unit length. 

A simulation was performed in CST Studio Suite for 
all 3 resonators under consideration for the fixed width 
of the stripline conductor (1 mm) and distance to the top 
ground cover (4 mm), how the distance to bottom ground 
layer hd influence on the Q-factor of the resonator the 
results is presented in Fig.1 (left axis). It should be 
marked that during simulation alumina was chosen as 
dielectric material and copper as metal material. For 
each value hd the resonators were tuned to 1 GHz. One 
can see that, when the distance between the strip and the 
ground layer becomes less than 0.5 mm, a swift decrease 
of the Q-factor is observed. Moreover, when the ground 
layer approaches closer, the resonator becomes very 
sensitive to a change of its conductivity as a current 
density in the stripe increases for a thinner substrate, 
which leads to increase of eddy current in the ground 
layer. To prove this a simulation was performed for each 
distance, for the stripline resonator, where two 
simulations were performed with different conductivity 
of metal case (δCo and 0.1*δCo, where δCo – copper 
conductivity). The relative change in the unloaded Q0-
factor (∆Q/Q0) for two cases versus distance is presented 

in Fig. 1(right axis). And again, for the distance closer 
than 0.5 mm, it is observed a great change in Q-factor 
meaning that resonator becomes sensitive to a quality of 
the ground plane.  

According to the results of the simulation, it can be 
recommended to design bandpass filters with at least 0.5 
mm distance between resonator and ground layers, 
otherwise an enlarged loss will be observed with a 
decreased selectivity of a filter. 

III.  ALD RESONATOR. 

As it has been mentioned for the stripline 
multiconductor resonator a thinning of dielectric 
interlayer brings to a significant frequency lowering of 
the first oscillation mode. This means that atomic layer 
deposition of Al2O3, which gives rather good dielectric 
(ε = 7.5, tanδ = 0.001) and mechanic properties, will 
allow designing very small bandpass filters for VHF and 
UHF bands. 

A structure of a 2-layer stripline resonator designed 
on 0.6 mm sapphire substrate (ε = 9.8, tanδ = 0.0005) 
having 300 nm Al2O3 interlayer deposited by means of 
atomic layer deposition is presented in Fig. 2. It consists 
of three metallic layers: 

M0 – ground layer deposited on the opposite side of 
the sapphire substrate; 

M1 – contains the lower strip of the resonator and 
patch for the grounding of top strip deposited on top of 
the substrate; 

M2 – contains top strip of the resonator and coplanar 
feedlines, deposited on top of ALD Al2O3 layer.  

M1 is deposited by means of ion-beam evaporation, 
M0 and M2 by means of magnetron deposition and 
galvanic growth of copper.  

M2 and M1 are connected through 50 μm holes in 
Al2O3, obtained by chemical etching, which further were 
filled by galvanic growth. M1 and M0 are connected by 
200 μm holes made by laser ablation and metallized with 
magnetron sputtered copper. 

Fig. 3. Topology of the ALD resonator, its frequency response in 
wide and narrow frequency range. 
 

 
Fig. 4. Topology of the 3-pole VHF bandpass filter, and comparison 
of its simulated (dashed line) and measured (solid line) frequency 
response in narrow and wide frequency range. 
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In Fig. 3 the frequency response of the resonator 
having strip width 0.5 mm, the total length 3.7 mm and 
an overall overlap coefficient (l2/lr) 85% is presented. 
For metallization thickness 20 μm the simulated 
unloaded Q-factor was found to be 53 at 200 MHz of the 
first oscillation mode. An application of such a thin 
interlayer allows to obtain separation of the first and the 
second oscillation mode f2/f1 = 59 and resonator length 
equal 0.0025λg, making the resonator be one of the 
smallest among the electrodynamic one. In comparison 
1 mm width λ/4 microstrip resonator designed at 1 mm 
alumina substrate (ε = 9.8, tanδ = 0.0001) will 
approximately has unloaded Q-factor around 110, 
depending on boundary conditions, meaning that 39 
times reduction in resonator length decreases Q-factor 
only twice.  

IV. BANDPASS FILTERS. 

Two bandpass filters were designed and fabricated. 
M0 and M2 layers were initially deposited by magnetron 
sputtering with a subsequent galvanic growth of 20 μm 
copper. M1 (20 μm) were deposited by means of ion 
beam evaporation. The thicknesses of dielectric 
substrate and dielectric interlayer are the same as in 
Section II. 

The first one, 3-pole filter for VHF band, having 
central frequency 270 MHz and 20% relative bandwidth 
has in-band loss less than 2.5 dB and return loss better 
than 15 dB. The second one, 6-pole filter for UHF band, 
having central frequency 1250 MHz and 20% fractional 
bandwidth has in-band loss less than 2.5 dB and return 
loss better than 15 dB. To obtain the required bandwidth 
and the matching degree, the width of top strip and 
overlap coefficient were reduced to 0.2 mm and 10%, 
correspondingly. A tapping microstrip lines having 
width 0.1 mm and length 0.9 mm attached to the free 
ends of the external resonators were used. 

For VHF filter lr = 15.4 mm, l2 = 1.5 mm, S = 0.22 
mm. For UHF filter lr = 4.1 mm, l2 = 0.4 mm, Se = 0.22 
mm, Si = 0.38 mm, Sc = 0.41 mm (Se – gap between 

resonator 1 and 2 or 5 and 6, Si – 2 and 3 or 4 and 5, Sc 
– 3 and 4). 

Frequency responses of the fabricated filters in 
comparison with responses of their simulated models 
are presented in Fig. 4 and 5. One can see a very good 
agreement between simulated and measured results, 
which allow to suppose that ALD filters can be 
simulated. 

For VHF filter the minimum measured in-band loss 
was found to be 1.54 dB, the selectivity ∆f30dB/∆f3dB = 
3.0, stopband width 13.5f0 (f0 is central frequency of the 
passband). The lateral size of the filter is 15.8×3.2 mm2 
(with grounding patch on layer M1), which correspond 
to 0.013 λg × 0.002λg. 

For UHF filter the minimum measured in-band loss 
was found to be 2.0 dB, the selectivity ∆f30dB/∆f3dB = 2.0, 
stopband width 9.4f0. The lateral size of the filter is 
4.4×5.1 mm2 (with grounding patch on layer M1), which 
correspond to 0.018λg × 0.021λg. 

There were fabricated 16 VHF and 24 UHF filters, 
measured on probe station, displaying 100% 
reproducibility for VHF and 75% for UHF bands. 
Decrease in the reproducibility of UHF filter can be 
explained by a small overlapping between layers in the 
design, meaning that a small misalignment in the layers 
significantly shifts a resonant frequency in the structure. 

V. CONCLUSION. 

It is shown that resonators Q-factor is sensitive to the 
thickness of dielectric layers between the resonator 
conductors and the screens. Small interlayer thickness 
increases a filter loss and decreases its selectivity. 
Considering this fact, it was demonstrated that ALD 
technology will allow one to design and fabricate very 
small bandpass filters, comparable with SAW-filters, 
that have very wide stopband. Two bandpass filters in 
VHF and UHV were designed and further fabricated, 
depicting a good agreement between theory and 
experiment that suppose the ALD technology will be 
promising for IF filters for VHF band, as they have 
classical behavior of group delay response, and 
unloaded Q-factor is high enough to design either 
narrow band or wide band filters. Also, ALD technology 
is suitable with multilayer technology and compatible 
with some of active device deposited during a single 
technological cycle. 

 
Fig. 5. Topology of the 6-pole UHF bandpass filter, and comparison 
of its simulated (dashed line) and measured (solid line) frequency 
response in narrow and wide frequency range. 
 

 
Fig. 6. Photography of the fabricated filters during the 
measurement. 
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