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Abstract - This paper presents the design and fabrication of
multifunction filter with compact size, low loss and high
selectivity. The basic building block of the multifunction filter is
based on an optimized stepped-impedance low pass filter (LPF)
circuit using microstrip line. The LPF circuit can be modified
with minor changes to make it a Band Pass (BPF) and High
Pass filter (HPF). For BPF, a simple matching network is added
at the output of LPF. Addition of matching network does not
contribute significant loss as evident from the value of return
loss, typically -20 dB at 5.8 GHz. For creating HPF, all shunt
stubs of the same LPF are connected to the ground. The
proposed Filters were fabricated on FR4 to validate the design
concept with a goal of transferring the design to GaN substrate
for on-chip transceiver application. Our measurement results
show excellent agreements with simulated results. To our
knowledge, design of such multifunction filter has not been
reported. Our filter provides SWAP-C advantages.
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1. Introduction

Filters are an essential part of wireless
communications systems as they are required to
suppress undesired signals in the transceiver. The size,
weight, and power plus cost and loss of such filters
must be kept as low as possible. Currently, separate
filters, such as low pass, band pass and high pass, are
used to suppress unwanted signals depending upon
system requirements. However they are designed and
integrated separately increasing SWAP-C. Hence, there
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is critical need for multifunction filter, which can be
integrated on-chip to support multiband operation [1]
of a transceiver. Thus current trend in filter design is to
focus on reducing SWAP-C, creating filters on chip and
use low loss materials such as artificial meta-materials
as reported previously [2-4].

Stepped-impedance structure has been typically
used to implement microstrip based Low pass filters
(LPFs) by cascading very high and very low
characteristic impedance transmission lines alternately
[5]- Increasing circuit order can improve the filter
performance but may lead to increased insertion loss
and unacceptable circuit size. To overcome this
problem, a number of methods have been proposed
such as defected ground structure (DGS) and series of
grounded patches (SGP) [6, 7]. In this paper, a unique
technique, that involves adjusting the structure
parameters of each pole/line section of filter, is
proposed to make stepped impedance filter as
multifunction filter. In our design varying the structure
parameters of each pole such as, attenuation poles are
achieved leading to low insertion loss and high return
loss of proposed filter.

In this paper, design of a core circuit using
microstrip line has been conceived and designed that
works as LPF. This core circuit with minor changes is
converted into multi-function BPF and HPF. For BPF a
simple matching network is added at the output of LPF.
Addition of matching network does not contribute
significant loss as evident from the value of S11. For
HPF, same LPF circuit is reconfigured by grounding all
shunt stubs. Advanced Design System (ADS) software
has been used to design the proposed filter at a
microwave frequency (5.8 GHz) but design is applicable
at millimeter-wave frequencies too. In order to prove
the validity of our design, the proposed Filters were
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fabricated/implemented on FR4 with a dielectric
constant of 4.4, a substrate thickness of 1.6 mm and a
loss tangent of 0.02. It has an overall dimensional of
46.6 mm by 6.6 mm. Both simulation and measurement
results are presented and discussed. Our measurement
results show excellent agreements with simulated
results.

2. Design and Optimization of Multi-Function
Filter
2.1. Low Pass Filter

In our design, width and lengths of line sections of
stepped impedance filter are optimized to create a
multifunction filter. The Fig 1(a) illustrates, an
optimized stepped-impedance microstrip line based
design of the proposed LPF. We used micro-strip line
(MLIN), microstrip open-circuited stub (MLOC) and
micro-strip T junction (MTEE) to design the filter
circuit. Its layout is presented in Fig 1(b) with a total of
5 poles. In our proposed filter concept, number of poles
decides range of cut-off frequency of a filter. For
example we designed LPF circuit with cut-off frequency
of 5GHz, therefore, we placed 5 poles. To enhance
attenuation in the stop band, length and width of the
poles of proposed filter are adjusted. P1 and P5 are
identical as well as P2 & P4 are identical in length and
width. Length of Plor P5 > length of P2 or P4 > length
of P3. Whereas the Width of poles should be such that
width of P3> width of P2 or P4 > width of P1 or P5. For
microstrip filters optimum distance between poles is
also very crucial as this length will act as capacitive or
inductive (depending upon the frequency of operation
and distance between poles). The passband frequency
could be adjusted via the structure parameters of the
poles. The designed multifunction filter is simple in
structure and compact in size.

2.2. Band Pass Filter

Traditionally matching networks based on spiral
inductors are preferred instead of resistors. However,
their use at high frequencies is limited due to self-
resonance and stray impedances. In addition, they
occupy large space on the chip. In order to overcome
this problem, we designed an L-type matching network
using stubs as shown in Fig 1(c). Proposed BPF layout is
shown Fig. 1(c). As mentioned above, LPF circuit with
minor changes behaves like BPF. For BPF a matching
network is added at the output of LPF. Addition of
matching network does not contribute significant loss
as evident from the value of S11 (lower than-0.20). The

BPF passband at the desired frequency is realized by
adjusting the structural parameters of the matching
network. For ADS simulation of BPF circuit, we placed
Via-ground instead of normal ground. As a results, ADS
simulation gives almost same performance as measured
results.

2.3. High Pass Filter

Traditionally HPF circuit design consists of shunt
inductors. According to Richards’s [8] transmission
short-circuited stub behaves like inductor. Hence we
grounded all shunt stubs of same LPF, as a result it
behaves like HPF and its corresponding layout is shown
in Figl (d). By the use of 6 switches as shown in Fig
1(e), our proposed design can operate in any mode (LPF
or BPF or HPF). If switch 1 is connected, LPF acts as
BPF. If switches 2-6 are connected LPF acts as HPF.
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Figure 1. Proposed (a) LPF core circuit (b) LPF layout (c) BPF
layout (d) HPF layout (e) Multifunction filter.

w



2.4. Fabrication

The proposed Filters were fabricated on FR4 with
a dielectric constant of 4.4, a substrate thickness of 1.6
mm and a loss tangent of 0.02.It has an overall
dimensional size of 46.6 mm by 6.6 mm. Fig 2 shows top
view of fabricated filters, as proposed.

3. Results and Discussion

The simulated and measured results for S11 and
S21 of proposed LPF, BPF and HPF are shown in Fig 3.
Our measurement results show excellent agreements
with simulated data from ADS. Here S21 parameter
represents the transmission line characteristics and the
S11  parameter represents the return loss
characteristics.

(©)
Figure 2. Fabricated Top view of Proposed (a) LPF (b) BPF (c)
HPF.

Fig 3(a) depicts response of proposed LPF. In case
of LPF, simulated -3 dB passband range is obtained

from DC to 5.2 GHz. From DC to 3.1 GHz the insertion
loss is less than -0.4 dB and the return loss is better
than -38 dB. One attenuation pole is at 6.4 GHz. The
simulation and measurement have a difference of less
than 0.1dB in insertion loss, less than 5 dB in return loss
at the passband DC-5GHz.
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Figure 3. S21 and S11 response of Proposed (a) LPF (b) BPF
(c) HPF.



Fig 3(b), presents simulated and measured
response of proposed BPF. In case of BPF, measured
insertion loss is -3 dB over a bandwidth of 0.47 GHz to
4.7 GHz. The best match for the BPF is obtained at 3.11
GHz. The center frequency of pass band is 2.46 GHz. BPF
has insertion loss less than -0.3 dB and return loss
greater than -28 dB over 1.3 GHz to 3.3 GHz as shown in
fig 3(b). It is also observed that the insertion loss drops
sharply outside of the passband that indicates a high
selectivity. The simulation and measurement have a
difference of less than 0.2dB in insertion loss, less than
5 dB in return loss at the passband (0.5-4.2GHz).

Fig 3(c), illustrates response of proposed HPF. In
case of HPF -3 dB bandwidth is obtained over 4.8 GHz to
7.8 GHz. HPF has insertion loss less than -0.2 dB and
return loss greater than -26 dB at 6.7 GHz frequency as
shown in Fig 3(c). One attenuation pole occurred at 6.4
GHz. The simulation and measurement have a
difference of less than 0.1dB in insertion loss, and less
than 1 dB in return loss at the passband (4.8-7GHz).

We have simulated our multifunction filter
circuits with built-in VCS (voltage controlled switch)
switches. The results are plotted in fig 3 for BPF and
HPF including switch losses which are acceptable.
Slight difference between the simulated and
experimental results may be due to devive dembedding,
reflection, signal attenuation from SMA and losses from
wire bonds etc in case of experimental data. In addition
process variation has some effect too.

The simulated performance of filter circuits can
be achieved with both normal ground and via ground.
However, we have used via ground for simulating the
circuit in order to obtain S-parameter results
compatible with measured data. PCB used in our
experiment is a two-layer structure with filter circuit
fabricated on top layer and metalized bottom layer used
as ground. Metalized via holes connect the elements on
top layer. In case of BPF and HPF, some microstrip lines
are connected to ground. While using via ground in
ADS simulation, we can inputted the values of substrate

thickness and via-hole diameter, as related to normal
ground and via ground simulation for BPF (Fig. 4).
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Figure 4. Normal ground and via ground comparison for BPF.

A comparison of simulated and measured
performances of the proposed multifunction (LPF, BPF
and HPF) is highlighted in Table I. Attenuation poles are
achieved by varying the structure parameters of each
pole, which offers more freedom for design. Thus, this
design method is very flexible for configuration and
especially useful to get low insertion loss and high
return loss. A comparison of performance of the
proposed work (LPF, BPF and HPF) with previously
published work (LPF and BPF) using lumped elements
[9] is highlighted in Table 1. We conclude that our
results are better than previously published results [9-
11]. The filters reported in this paper can operate in any
mode (LPF or BPF or HPF) using a bank of 6 low loss
switches such as [11].

Table 1. Design Specifications of Simulated and Measured.

proposed [6] [7]
Key Parameter LPF BPF HPF LPF | BPF | BPF
Sim Mea Sim Mea Sim mea
3dBband (GHz) | 0t0o5.2 | 0to5 | 0.46t04.7 | 0.5t04.2 | 48t0o7.8 | 44t07.0 | 25 25 | 217
IL, (dB) <-0.4 <-0.5 | <-0.3 <-0.5 <-0.2 <-0.3 <-08 | <12 | <21
RL, (dB) >-38 >-33 | >-28 >-23 >-26 >-25 >-13 | >-12 | >-29

*Sim-Simulated, Mea-measurement, IL- Insertion loss,

RL-return loss
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Figure 5. S11 response of multifunction filter.

To investigate the loss of multi-function filter
with six switches, we simulated end to end S11 in ADS.
The results are shown in Fig.5. Traditionally S11 is
calculated to check loss value of circuit. The S11 value at
pas-band frequency is lower than -10dB.

4. Conclusion

A new core LPF circuit is proposed that with
minor modifications performs as a BPF and HPF.
Novelty of our paper involves addition of a simple
matching circuit which can transfer LPF into BPF and
HPF without adding much losses. We have not seen
such filter design published so far. Our filter
technology offers excellent SWAP-C advantages and
eliminates losses due to multiple filter packages and
wire bonds. Further, channelization for isolation is not
needed. Proposed multifunction filter can be used for
on-chip RF transceivers. The design and fabrication of
optimized stepped impedance multifunction filter high
isolation and high selectivity is presented. The design
procedure is simple and it can be easily and
inexpensively fabricated on-chip (such as GaN) or
common printed circuit board (such as FR4)
technology. The filters reported in this paper can
operate in any mode (LPF or BPF or HPF) using a bank
of 6 low loss switches. No such design concept has been
reported to our knowledge.
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