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ABSTRACT

This paper represents the design and analysis @Microstrip wideband integrated low noise amptifie
Bandpass filter for the frequency range of 0.8 Gbl2.7 GHz. This frequency range is chosen for the
design as most of the wireless applications workhis frequency range. The paper uses the compact
design structure for designing the wideband fifiem ref [5]. The filter has good performance ingsa
band as well as in stopband of the filter. Thefilhas the compact size and higher selectivity. 2® and

the input return loss below 10 dB and the outptineloss less than 10 dB for the whole frequerage.

The integrated low noise amplifier is from the atpdevices ADL5544 which has the gain of 15 dB at
0.8GHz and the gain roll of 2 dB in the whole fregay band of the filter. The filter hardware is Ifiehated

and tested with the network analyzer from Rohdel@&irz model no ZVH8 which can measure from 100
KHz to 8 GHz. The simulated and the measured eavdtin good agreement with each other.
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1. INTRODUCTION

In 2002 the Federal communication Commission(FC&)tee frequency range of the ultra-
wideband (UWB) as the frequency from 3.1 GHz t&¥BHz. Since then the advancement in the
development of various filters and couplers degigiwework in this range started taking growth.
Various designs of filters were designed like riiiiters multi- mode resonators as shown in
ref[1], [2], [3], [4]. The requirement slowly stad shifting to the compactness with the good
performance in the pass band as well in stopbahd.Vvarious disadvantages of the Microstrip
were considered like harmonic distortion Microstigses at higher frequencies etc. Later the
multi-mode resonators were used which were ablgite good performance in passband but
smaller stopband ref [1], [2]. Various other tecjugs like defective ground were introduced later
to have a wider stopbandref [6]. The actual moiivato design the band pass filter for any
application is to save the time and the money redqufor the designing and fabricating the
various filters for different applications whichearunning on different frequencies. By designing
the Bandpass filter we actually cuts off the needdsign various narrowband filter and use the
same Bandpass filter for every application everthé application is running on different
frequency. Just that the frequency of operatiotmefapplication should be in the passband of the
Bandpass filter. Adding to this the gain of the 8aass filter should be as maximum as possible
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also the input and output return loss of the fikhould show some acceptable figures. Dealing
with the performance of the filter we cannot igntite other factors such as size and compactness
of the design. As the advancement of technologgkisig a mass growth the size will be the only
major factor than others. Taking this into accouet filter with compact structure is chosen for
the frequency which has the maximum wireless agftios.

In ref [5] the size of the filter was reduced imying the performance of the filter in the passband
as well as in stopband.The size of the filter dumed as compared to the filter designed in ref
[4]. The Fig.1 shows that the filter uses only g SIS connected at the center of the uniform
impedance transmission line and an aperture-babkedath three inter-digital parallel coupled
lines at connected at each side of the filter farpting enhancement. The adopted method leads
to a simpli ed objective function with a minimum mber of variables to avoid convergence and
implementation problems.

Fig.1 UWB Bandpass filter in ref [5]

In ref [4], the filter size miniaturization was theajor challenge faced by the design engineers so
this paper proposed a Novel UWB Bandpass filtengisitub load multiple mode resonator as
shown in Fig.2.

Fig.2 Structure of the SISLR in ref [4]

20



International Journal Of Microwave Engineering (INRO) Vol.1, No.3, July 2016

This filter had the filter size less as compareth®filter proposed in ref [3]. As shown in Fig.2
the filter used a uniform impedance resonator amsisted of the SIS (Stepped Impedance Stub)
at the center and two extra added open stubs atideeof the center stub placed symmetrically
around the center. The MMR consists of three opelnssin a uniform impedance resonator, and
ve modes, including two odd modes and three evexes within the desired band are combined
to realize UWB passband.

In ref [3], the novel stepped impedance stub loadsdnator (SISLR) was proposed to design
UWB BPF. The previously designed SIR type UWB BP¥shown in Fig.5 showed good
performance in passband except the Stopbands sh&elow increase in attenuation and there
were no longer enough degree of freedom for effeatontrol of resonant frequencies.
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Fig.3 Basic structure of SISLR in ref [3]

This resonator as shown in Fig.3 has more degreadjosting freedom to control its resonant
frequencies, which results in conveniently relawatthe required resonant modes within the
UWB band.The basic structure of the proposed SI$ FRhown in Fig.3. It consists of a
traditional SIR with the characteristic admittanead electrical lengths and, which is tapped-
connected to a stepped-impedance stub (SIS) ioethier. The SIS is also made of transmission-
line sections of characteristic admittance, andtetal length. Since the SISLR is symmetrical in
structure, odd- and even-mode analysis can be ediopicharacterize it.

Wg Wy S
Fig.4 Configuration of the UWB SISLR in [3]
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In ref [2] the Microstrip line stepped impedancabstoaded MMR was proposed in Fig.5.As
discussed in ref [1], the rst three resonant moitkethe stepped-impedance MMR can be quasi-
equally allocated within the concerned UWB passianddjusting width/length ratios of central-
to-side sections. However, this MMR-based Iter akbyi suffers from a high insertion loss of
about 2.0 dB in the upper UWB passband and a nanpper stopband of 11.0 to 14.0 GHz. The
former is mainly caused by parasitic radiation friiva central part with wide strip conductor at
high frequencies, while the latter is due to thk Fsonant mode in this stepped-impedance
MMR.As shown in Fig.5, the proposed stub-loaded MiRormed by properly attaching one
single open-ended stub in the middle and two idahtbnes in the two symmetrical positions.
The lengths of the central stub and side stubsnalieated by Lc and Ls, respectively. In this
way, the rst four resonant modes expect to beaated within the UWB passband while pushing
up the fth mode to make up a wide upper stopband.

Compared with the conventional multi-mode resonataref [1], this filter design had an extra
stepped-impedance stub loaded in the center. THerpmnce of the filter was good but was
large in size.

2.29mm

| 4.3 mm {

1.16mm 2.17 mm

Strip width: 0.1 mm
Slot width: 0.1 mm

Fig.5 Con guration of the proposed UWB BPF basedstub-loaded MMR in ref [2]

In ref [1], the initially proposed UWB Bandpasselt using a Microstrip line multiple-mode
resonator (MMR) was presented as shown in Fig.6e lHee MMR has been properly modi ed in
con guration so as to reallocate its rst three orant modes close to lower-end, center, and
upper-end of the targeted UWB passband. Also, tluplang degree of the input/output parallel-
coupled line sections is largely raised.

Coupling Length: Unit: mm Strip width: W=0.10
Le=3.95,0.50, 0.10 Slot width: §=0.05
i ;—y 1.08 /
< — NS ’
%/ 4.15 ‘ 7.34 '
1.16% /
50Q2 line 50Q2 line

Fig.6 Schematic of the compact Microstrip-line UMBBndpass Iter ref [1]
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At the central frequency of the UWB passband, 6685 GHz, the MMR consists of one half-
wavelength low-impedance line section in the ceatat two identical  high-impedance line
sections at the two sides. With respect to the goration, the proposed MMR was categorized
as a so-called stepped-impedance resonator (SERq Won-uniform transmission line resonator,
the SIR was proposed in to enlarge the frequenagisg between the rst and second-order
resonant modes so as to effectively widen the uptmgband above the dominant passband of a
Bandpass lter. Here, all the rst three resonartdes are taken into account together and they
are applied to make up a wide dominant passbhanttidrcase, the rst and third-order resonant
frequencies basically determine the lower and uppeoff frequencies of a wide passband.
Further the two additional transmission poles i th4 parallel-coupled lines, a UWB lIter can
be built up with good insertion and return losshie entire passband of concern.

2. ANALYSIS AND DESIGN OF FILTER

The filter consists of a uniform transmission lmfdmpedance Z and has and electrical length of

and the characteristic admittance In the structure of the filter as shown in Fthe
stepped impedance step is connected at the cdrttez aniform transmission line which has the
characteristic impedance of and  with the characteristic admittance asand  with the
electrical length of and . The actual performance of the ideal filter skooé that the gain
of the filter should be for the full passband of interest and then shbalde sharp cutoff
after the pass band. This actually means that filteich is fed by the input impedance of 50
ohms is matched with the impedance of filter fog thhole frequency band, where the input
impedance of and the output impedance of . Now this condition
can be well expressed through the given objectinetion.

- #12C%(0 S * 4% %( $ +%AO [1]
Where g 9. = < and gg 9 = <« . For the frequency of concern this
objective function should be less than the convezge toleranc®. The value of the
convergence tolerance is take®as >?. The objective function mentioned above is very
complicated as it consists of the real and the inay parts of the impedance of the filter.
Simplification of the above function is requireddolve the equation so the filter is divided in to
two parts ref [5]. This can be shown in the Fig.8

2Ya

2YDb Ob

50 ohm | | 50 ohm

2Yc 20c¢

Fig.7 Basic structure of T shaped resonator witifoum transmission line and stepped impedance atub
the center.
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The actual goal of the simplification is to get gimple expressions of the admittancesgofand
compared with the impedance and to avoid forcing that their real parts shcawddequal. So
therefore only the imaginary parts of Ym and Ynlwdmpose of the objective function. As the

real parts are same we have the expression

9, @A c (2]
D 9 > @’% ’ @AB C [3]
The matching at one port means the filter can bielmed to any transverse plane of the line that

has the characteristic admittance of which divides the filter into two parts. Therefatee
matching condition J leads to

Ag ,@A ¢ [4]

Now from the ref [5] the various expressions far fusceptancky as

Gy:l JK>GWN
A —ogE W, [5]
P:l 40:1 Q
Ae c CSRIT 4501 g [6]
Where =$ +and U .= . To make sure that the filter gives the Bandpasponse

the condition of Ag , @A ¢ should be verified for every frequency within thendwidth
of the Bandpass filter. Therefore the new objedhivection can be formed as

o #1997 9%Ag ,A g c %0 (convergence tolerance) [7]

Which can be simplified by substituting the equagiin the objective function

Oa
2Ya
2Yb Ob
it —
50 ohm |  iBstub ym[ | 50onm
Y Oc ="— Yn Ye Oc
Y-Admittance O-Electrical Length

Fig.8 Simplified structure of the filter with thiedlectrical lengths and admittance.
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Now to have the sharp selectivity at the cutoffjirency at the end of the passband of the filter it
is necessary to design the center stub of the fiiteuch a way that the center stub will place the
zeros on the frequency 0.8 GHz and 2.7 GHz whicthascutoff frequency of the filter. That
actually means that the filter will havi %at the frequendy S"D_"(Ya\
SbD_"\; (Ya\; are the two transmission zeros of the center silsb Ag c 8 +

As ¢ 9. + d which could be designed at these frequencies as

UX(Y $\] *‘SX(YC$\] + - $e + [8]
Which leads to two expressions

< XY h———o- S$e + [9]
96 P il ky%m

To find all possible combinations of e . (Ya U a numerical iterative method is necessary to
verify the expression

%. $ +% %. $ +%0 PWhere . [10]

The ratio oflﬁM is a function of 4 for different values of k. The minimum valuekofan

) Qst 4

be obtained at. c .Sothevalueaof S .Incase Wherlf_M =3.375, then
)

[10] x y* [11]

vl—gMOW
Lj
K is less than the maximum value due to charatieiimpedance value of the Microstrip line
that vary from between 20 ohm to 140 ohm. So theakes from the minimum value to the
maximum value of k=7.

3. DESIGN METHODOLOGY

This paper uses the structure of the Bandpass @ifisigned in ref [5].The filter in ref[5] consist
of a uniform transmission line with a stepped inmgoee open stub connected in the center of the
line with the three inter-digitized parallel couglénes at each side of the filter. The filter also
uses the defective ground technique to have arbmitdrol over the input reflection coefficient
of the filter. The filter designed in this paperdssigned for the frequency range of 0.8 GHz to
2.7 GHz but the filter designed in ref[5] is desidrfor 3.1 to 10.6 GHz. The filter is designed in
this paper uses the FR4 substrate having the ttieleonstant of er =4.6 the substrate height of
h=1.6 mm and conductor thickness of T= 0.01 mm.
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Reference | Dielectric/substrate SF
Height(mm)
] 10.8/1.27 0.642
2] 10.8/1.27 0.554
B 35508 0.926
4] 75508 0921
5] 733005 0.861
This paper 4.6/1.6 0.5032

Table 1. Comparison of the filter structures whhit substrate and selectivity factor.

The filter is then integrated with the Low noiseifier from Analog Devices ADL5544. The
amplifier has a good gain response in the frequeacge of 0.1 GHz to 6 GHz. The amplifier is
made stable in the frequency range by proper lgasia Amplifier by the biasing circuit. The
filter and the amplifier circuit is separately dgsed and then integrated. The filter has a good
response in the passband of the filter and shdegtaéty after the upper cutoff frequency. The
selectivity factor of the filter is 0.9032 as theduency at -3 dB is obtained as 2.8 GHz and
frequency at -30dB is 3.100 GHz. The filter sizal®ut 7cm in length and 4 cm in height. This
configuration of the filter is chosen as the filkexs to be fabricated in India. The FR4 material of
er=4.6 is easily available for fabrication. The miom spacing between the tracks which can be
fabricated in India is 0.2 mm. Hence no lengthmacéng between the tracks is not less than 0.2
mm. The layout of the filter is drawn using ADS day window and momentum simulation is
done to obtain the frequency response of the dediglter.

As shown in Fig.8 the filter consist of center st a uniform impedance line of at the
center frequency of 1.75 GHz. The center stub isneoted in the center of the uniform
impedance line and the lengths and the widths pfecestubs are taken such that the zeros are
placed at the cutoff frequencies of the filter. Timer-digital coupling is made on both side of the
filter to suppress the frequencies after the cudteffuency and to have a larger stopband.

Fig.9 The layout of wideband Bandpass filter.
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The filter also uses the defective ground structunehich the ground plane is not present below
the coupling. The lengths of the defective grouad be obtained by the trial and error method.
The defective ground structure minimizes the inpturn loss of the filter. The filter gain
response shows that the filter has the passbamd @8 GHz to 2.7 GHz. The filter has an
insertion loss of about 0.5dB.

YA md
10 freq=2.800GHz
0 4 dB(bpf_ref5_coup03_tune_aperture_ground_mom..S(2,1))4.475
1 E
SRt freq=3.100GHz
2 '20‘_ 4B (bpf_ref5_coup03_tune_aperture_ground_mom..S(2,1))=-32.923
N d
5 i
40-
S0
'ﬁﬂ T |IIII|-. |II |II||| |IIII||

03 08 13 16 23 28 33 38

o GHz
Frequency

Fig.10 The output gain (S21) of wideband Bandpites.f

The Fig.9 and fig.10shows the momentum simulatiesults of the filter. The filter shows its
passband from 0.8 GHz to 2.7 GHz the S11 as showg.10 is below -10 dB for the whole
passband of concern. The filter suffers from theed harmonics of the filter center frequency.

Mag. [dB]

S11

10 m2
s req=2.700GHz
dB(bpf_ref5 coup03_tune aperture_ground_mom..5(1,1))=-13.167

m3
req=800.0MHz
dB(bpf_refs_coup03_tune_aperture_ground_mom..5(1,1))=-10.038

'EG_IIII III-'|I|I|III|IIIIIII
05 10 15 20 25 30 35 40

Frequency
GHz

Fig.11 The input return loss (S11) of wideband Bass filter.
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The stopband of the filter is extended up-to 4GH® designed filter uses the compact structure
proposed in ref [5] hence is compact in size ferphoposed frequencies of 0.8 GHz to 2.7 GHz.
The size of the filter is only 7 cm. As the filisrdesigned for the low frequencies as compared to
ref [5] the lengths of the filter are greater. Thiéer is designed to cover all the wireless
applications which work in 800 MHz to 2.7 GHz basfdrequencies

522
10
1 mi
04 freq=2 700GHz
1 M6 i dB(bpf refs_coup03 tune aperture_ground mom. S(2,2)F-13.096
= -
5
e, o
B me
2 freq=800 OMHz
ol dB(opf refd_coup03 tune_aperure_ground mom. S(2.2))-10.038
50 I\II|I\II|I\I\|\II\|IIII|\III|\IH

05 10 15 20 25 30 35 A0
Frequency GHz

Fig.12 The output return loss (S22) of widebanddpess filter

The output return loss of the simulated filter heven in Fig.11 is less than -10dB for the whole
passband of concern. The filter has the S22 oD382IB at 800 MHz and -13.096dB at 2.7 GHz
and output return loss remains below -10dB betwis) band of frequency. The simulation
result of output isolation of the filter is shownkig.12.

512
) _ o
o 9 freq=2.850GHz
| m dB(opf refd_coup03 tune aperture_ground_mom..S(1,2))=-8.560
o -
mé
g 4 freg=7000MHz
2 ) dB(opf_refd_coup03 tune aperture_ground_mom..S(1,2)j=-9.367
404
'80 HH‘\\I\‘\IH‘IIH|IHI|HII‘\II\

05 10 15 20 25 30 33 40

Frequency
GHz

Fig.13 The output isolation (S12) of wideband Baaspfilter.
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The output isolation of the filter is -9.367dB &10/MHz and -8.560dB at 2.85 GHz. The filter
has the good isolation in the stopband of therfilte

4. FILTER INTEGRATED WITH LNA

The filter designed in the section Il is integteith a low noise amplifier to further increase
the gain of the signal filtered by the BandpagerfilThe low noise amplifier actually amplifies
the signal obtained from the Bandpass filter andsaits self-submicron noise as minimum as
possible. Low noise amplifier adds minimum noisé¢h® circuit but amplifies the signal with the
expected gain. Hence it is called as low noise dimpl The low noise amplifier used in the
design is from the analog devices ADL5544 which gasd gain of 15dB in the range of 300
MHz to 2.7 GHz. The amplifier is made stable in@& to 2.7 GHz by designingthe biasing
circuit of the amplifier. The biasing circuit ofdramplifier can also be found in the data sheet of
the amplifier. The stability of the amplifier is etked through Rollet’s criteria and Stab fact
function in ADS schematic.

Fig.14 The layout of the filter integrated with LNskd the basing circuit of amplifier.

Figure 13 shows the integrated layout of the fitted the amplifier various different components
for amplifier biasing are used like choking industand decoupling capacitors. The component
padding and IC padding of the amplifier can be showthe Fig.13. The IC padding in the layout

is taken from the datasheet of the IC used. Thectwis and the capacitor padding is taken
according to the package size of the component®0é@B or 5750. Now in comparison the 0603

package is small in size as compared to that of 580 package. The inductors and the
capacitors are used from the Murata and Coilcidfe small circles shown in the Fig.13 are Via

which connects the upper or the top metal layeth&olower ground plane. The ground plane
should be as large as possible in RF/Microwaveuitsdo minimize the radiation losses of the

circuit otherwise the losses of the circuit incesaad the signal travelling through Microstrip gets
attenuated earlier due to excessive losses oftraalial he design of the filter is maintained to

have minimum Microstrip losses.

5. FILTER HARDWARE RESULTS

The hardware results are tested on the VNA (Vamtwork analyzer) which can test the circuit
up to 8 GHz. The dc voltage source is requirediferamplifier biasing. The dc voltage source of
3 Vis used for the amplifier ADL5544.
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Fig.15 The output gain (S21) of the wideband Basdg#ter with integrated low noise amplifier tedten
VNA.

Figure 14 shows the measured gain S21 of the dmsigtier integrated with amplifier. It is
observed that the design has the gain of -30dBO@t MHz then 13.91dB at 791 MHz then
13.20dB at 1.2165 GHz then 11.30dB at 2.246 GHz&0ddB at 2.71 GHz. The design has the
gain roll-off of 2 dB in the passband of the filter

Figure 15 shows the gain over the whole frequeatyge of 8GHz. The filter shows the sharp

selectivity at cutoff frequencies of the filter. &Hilter has a good sharp attenuation in the
stopband of the filter. The filter is affected witie second harmonics of the center frequency of
the filter. Hence the gain plot rises after 4.5 GHz
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Fig.16 The output gain (S21) of wideband Bandpiiss fvith integrated low noise amplifier tested on
VNA for full frequency range of 8 GHz
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The Microstrip filters are all affected with therh@onics this is the disadvantage of Microstrip

filter to have smaller Stopbands after the cut#fjtiency. The input return loss of the measured
filter as shown in Fig.16 is less than -8dB.

Fig.17 The input return loss (S11) of the measwigidband Bandpass filter integrated with amplifier.

The filter measures the input return loss S11 &f8dB at 800 MHz, 7.82dB at 1.335 GHz, -
12.86dB at 2.244 GHz and -14.72dB at 2.7165 GHe.ré€st of the frequencies the input return

loss stays below -10dB.The measured result of ilter fare satisfactory as compared to the
simulation result S11 of the filter.

Fig.18 The output return loss (S22) of the measwidéband Bandpass filter integrated with amplifier

Figure 17 shows the measured result of outputmétiss S22. The output return loss is less than
-10dB for the whole passband of frequencies. Thputueturn loss is measured as -18.61dB at
800 MHz, -11.36dB at 1.3125 GHz, -18.77dB at 2.8 and -11.95dB at 2.7165 GHz .

31



International Journal Of Microwave Engineering (INRO) Vol.1, No.3, July 2016

Fig.19 The output isolation (S12) of the measur@kband Bandpass filter integrated with amplifier.

The simulation and measured result of S22 are od gagreement with each other. Figure 18
shows the output isolation of the filter. The out@molation of the filter is below -20 dB for the
whole frequency range of operation. The measurédia$ -21.21dB at 800 MHz, -22.34 dB at
1.3125 GHz, -26.05 dB at 2.244 GHz and -31.89 dB 3165 GHz. The measured and simulated
results of S12 are satisfactory when compareddhb ether.

6. FABRICATION AND TESTING

As the design was to be fabricated in India theimmiiim spacing between the two tracks was not

less than 0.2 mm. So the results were obtainedihgépe minimum distance between tracks as
0.21 mm.

Fig.20 Fabricated PCB of the filter and LNA wittsembled components and SMA connectors.
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Figure 19 shows the PCB of the filter and amplifi€r assembled to the PCB with other
components. The SMA connectors are connected timlog and the output ports so that the PCB
can be tested on VNA (Vector network analyzer). Zh@n connecter is connected to supply the
dc voltage to the amplifier IC. The filter is dgsed using the defective ground at the back of the
inter-digital coupled lines from both the sidesg.ED shows the defective ground of the
fabricated filter. The defective ground helps tlesigner to vary the coupling between the lines as
per required. The lengths and the widths of theectefe ground are taken by trial and error
method

Fig.21 Backside of the fabricated PCB of the filtdich shows the defective ground.

Fig.22 The testing setup for measured resultsefitter which shows the VNA and dc power supply
connected to the fabricated PCB.
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The defective ground concept helps to improve tipeitoutput return loss of the filter. Varying
the length and the width too much can change teshy@ad of the filter completely. The defective
ground actually does not have a ground plane ingatch of the PCB due to which the coupling
degree of the filter can be changed and varied.|&hgth of the defective ground taken in this
design is length=8mm and width =2.97 mm. This leagind widths are found out by trial and
error methods which can vary as per the frequefi@peration. Fig.21 shows the testing setup
for the fabricated filter. Testing was done on VNAmM Rohde & Schwarz model no ZVHS8
which can measure from 100 KHz to 8 GHz. The VNAirst calibered correctly to open, shorts
and 50 ohm terminations so that the testing resuéiobtained with accordance to the calibrated
references.

7. CONCLUSION

The study has revealed that the design develop#tkinef [5] is the best design in terms of the
performance and size of the filter compared tovidw@ous other designs developed earlier. The
filter is designed to operate at frequencies of BBz to 2.7 GHz. The filter has the good
performance in the pass band as well as in stop@dminput return loss of the simulated results
of the filter is less than -10 dB in the entiregiznd and that in hardware result is less than.-7dB
The filter suffers the maximum of only 0.5 dB ofértion loss.The gain S21 of the proposed
design is constant in whole passband of havingrargd-off of 2 dB in the passband of the filter.
The output return loss S22 of simulated and thesorea results is less than -10dB. The output
isolation S12 of the design is less than -20dB Jddectivity factor of the proposed filter is about
0.9032 which is greater than the filter of ref [5he proposed filter is designed for the lower
frequency then that of the ref [5] so the sizehef proposed filter is greater than that of thefilt
designed in ref [5] as all the lengths of the fildepends on the wavelength of the center
frequency of the band of operation of the filters fhe center frequency is much lower the
wavelength is higher. Hence the lengths are highére filter uses the substrate of FR4 with the
dielectric of er=4.6 and height=1.6 mm and metatkifiess of t=0.01mm. The filter has the
sharper roll off with compact size as comparedc®dther filters in this frequency range. All the
simulations are carried out by ADS software momensimulation and the fabricated hardware
is tested using the VNA (Vector network analyzar)l & observed that the hardware results are
in good comparison with that of the simulated ressul
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