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1.0 Introduction

Most communication systems contain an RF front whath performs signal processing with RF
filters. Microstrip filters are a low cost means dding this. There is an increasing demand for
microwave and millimeter-wave systems to meet therging telecommunication challenges with
respect to size, performance and cost. Conventimiabstrip low pass filters, such as LC-ladder
type filter using stepped-impedance transmissior br open-circuited stubs, have been widely
used in microwave systems. To obtain an even shaafee of cutoff for a given number of reactive
elements, filters with elliptic function responge aften desired, which can give infinite attenoati
poles at finite frequency. One way to obtain thesmta make use of stepped-impedance lines
shunted to the main transmission line to approtemie L-C elements shunted along a
transmission line. Microstrip line is a good caradelfor filter design due to its advantages of low
cost, compact size, light weight, planar structame easy integration with other components on a
single board.

In our specific situation, the fabricated filterlMae inserted into the following receiver chain

RF

IF (0.1-2.1) —
LAl
LPF ROACH 2
ADC
LOW PASS
RX FILTER
MF K-BAND (0-2.1)
C-BAND
DF LP-BAND

Figure 1. Generic scheme of the RF receiver chain in Sardtaidio Telescope.

where the ROACH-2 block (Reconfigurable Open Arettiire Computing Hardware) is a stand-
alone FPGA board and is the successor to the aliif®ACH board; as seen in the above figure, it
is connected to the AD converters (to turn an apaignal into a stream of digital data) and its
frequency is &5 Gsample/s (and, in agreement with the Nyquisbtdm, B..=2.5 GHz). This last

is a high value for the characteristics of the R®AZ block and, as a result, it is necessary to
decrease it to save bandwidth, cutting off the bartlout information and considering the only
useful band. To do this, a low pass filter withusoéf frequency of about 2 GHz should be inserted
within the above chain. In this way, thgRvalue (and the corresponding frequeney) decrease,

in agreement with the operating characteristicshef Roach-2. Here three low pass filters were
designed and simulated on the FR-4 substrate 1.6imtmckness and with a relative dielectric
constant of 4.4. FR-4 has been chosen for thisyshetause of its low cost and convenient
availability, hence can be used for microstripefilprototyping. The design and simulations are
performed using the Sonnet EM Simulator and thégdgsrocedure is verified by comparing with
analysis results. The specifications for the fdtender consideration are:

Relative Dielectric Constamt 4.4

Height of substrate h 1.6 mm

Cutoff frequency @ 3dB 2.1 GHz

The loss tangent téan 0.02

Rejection Lis@ 2.2GHz <-30dB (or-25dB)
Return Loss LR <15

Metallization thickness 0.035 mm
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2.0 Filter design method

The design of low pass filters involves two maiepst The first one is to select an appropriate low
pass prototype. The choice of the type of responsiyding pass band ripple and the number of
reactive elements (order of the filter) will depesrdthe required specifications. The element values
of the low pass prototype filters, which are uspalbrmalized to make a source impedangelg
and a cutoff frequency¥2.=1, are then transformed to the L-C elements fer dlesired cutoff
frequency and the desired source impedance, whinbrimally 5@ for microstrip filters. The next
main step in the design of microstrip low passfgtis to find an appropriate realization that
approximates the lumped element filter. It has essumed, under the conditioguwZ Zo<Znign:

- the filter impedance Z= 50Q

- the highest line impedanceig = Z. = 122Q
- the lowest line impedanceé= Zc = 26Q

3.0 Stepped-Impedance low pass filter

The minimum return loss LRr the maximum voltage standing wave rafl8AR in the pass-band
is specified instead of the pass-band ripple. If the return loss is defined by

LR(Q) = 10 log[1 —$21(jQ)|*]dB
and the minimum pass band return loss is LR dB<£L®, the corresponding pass-band ripple is
Lar= —10 log(1 -10%1LR) dB
therefore, for LR=15dB, Ar=0.139dB.

For the required pass-band ripplagrLdB and the minimum stop-band attenuatioss OB, the
degree of a Chebyshev low-pass prototype, whichmgkt these specification, can be found by

_; [1001Eas —1
cosh 1 m

cosh™1 Qg

n=

Where Qs=2=22=105

fc 2.1
In this case the order calculated is n=19, a vagi kalue of section lines. To decrease the filter
order it is necessary to consider the variationthef parameters LR as fs; the most significant
results in the study were examined with the creatibcharts and graphs using Excel software: a
good choice is to use the compromise with LR=12dBergfore lar=0.2dB), Las=26dB,
fs=2.25GHz, fc =2.05GHz, to obtain n=13.
Fig. 2(a) shows a general structure of the steppgedance low pass microstrip filters, which use
a cascaded structure of alternating high- and loweidance transmission lines. The high-
impedance lines act as series inductors and theinpgdance lines act as shunt capacitors.
Therefore, this filter structure is directly reatig the L-C ladder type of low pass filters of Fig.
2(b).
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Figure 2. General structure of the stepped-impedance I®8 pacrostrip filters (a);
L-C ladder type of low pass filters to be approaied (b).

A low-pass prototype with Chebyshev response isehowhose element values are, for n=13 and
pass-band ripple Az=0.2dB:

Jo=014
1

01=01z

=012

0z=011

3=0ic

05=99

G6=0s O

1.3972

1.4059

2.3323

1.5532

2.4140

1.5758 | 2.4276

Table 1. Chebyshev coefficients.

Using the element transformations

Z0 w0

Li:(

g0 w0

27chgo)gi , (,-)=(ZO 2nfc)g,- fori=1, 3,5..., |=2,4,6...,
L1=L13 C=Cy2 Ls=L11 Cs=Cyc Ls=Lo Ly
5.43nH 2.18pF 9.06nH 2.41pF 9.37nH 2.45pk .4318H

Table 2. Inductance and capacitance values.

The filter was fabricated on a FR-4 substrate véthelative dielectric constant of 4.4 and a
thickness of 1.6mm. The relevant design paramefarscrostrip lines are given by:

o Z\on=Z=260 Z/e.< 89.91
W_2p_1 In(2B 1)+€r_11(B 1) + 0.39 0.61
e n 2e N ' e 1
2
B:60n =10.85 therefore M7.76 mm
AN

The effective dielectric constanrts is calculated based on the ratio of the width Wil
transmission line and the height h of the substrdtieh in this design is h=1.6mm:

L_|=361
\/1+12%

For

==

>1 r+1 n Er—1

c _£&
effc 2 2
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while the effective width is, fO-I:llé > 1:

Wee W+[1.393+0.667 Inf + 1.444)]h = 11.9 mm

e Zo=50 OZ/E_r> 89.91
W _ Bexpld) where pL et | &1 [0.23 + 2 11] 1.52
h exp(24)-2 60 2 Ert+1 Er
Therefore: W=3.1 mm
For £>1 go= oty Bt L |- 333

h 2 2 J1+12%

We = W+[1.393+0.667 Inf + 1.444)]h = 6.6 mm

o ZnhigZL=1220 4\/er>89.91
W_ Bexpld) where /8”1 &1 [0.23 + 2 11] 3.49
h exp(24)-2 8r+1 &r

Therefore W=0.38 mm

For £<1 oL = 2 + +0.04(1 — %)2|=2.97
h J1+12— h
2m h
W = ln[;,;er =2.86 mm

The relevant design parameters of microstrip lareslisted in table 3.

Characteristic
impedance Zc=26 Zo=50 Z,=122
[Q]
Microstrip
line widths|mm Wce=7.76 Wo=3.1 W,_=0.38

Table 3. Relevant design parameters of microstrip lines.

Initial physical lengths of the high and low impeada lines for realization of the desired L-C
elements can be determined considering

A (wcLi A )
I, = %( 7 ) le; = %(a)cClZc)

Where the wavelengthis connected to the dielectric constant of thessake:
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¢ 3x108
Ve f Va4 x2.05x10°
To meet initial specifications, it has been useditemative method of gradual optimization,

maintaining the widths unchanged and acting onahly inductive and capacitive lengths, to
obtain the final dimensions of the circuit (Tab)e 4

A

= 0.069 m

Calculated Section Optimized Section Z 1ighOF Z jow W,

[mm] [mm] [Q] [mm]
||_1:||_13=6.3 | 1=1113=6.76 122 0.38
|C2:|C12=8 [ szl c1o=7.14 26 7.76
||_3:||_11=10.5 | 3=1.11=11.02 122 0.38
|C4:|C10=8.8 [ c4= [ c10— 7.94 26 7.76
||_5:||_g:10.8 [ 5= [ L9 = 11.32 122 0.38
lce=lcs-9 | c6=1cg=8.14 26 7.76
[.7=10.9 | ,=11.34 122 0.38
| 500 = 10 [ 500 = 10 50 3.1

Table 4. Calculated and optimized dimensions of the Stégpgedance Low Pass Filter.

3.1 Simulation and measured results

The design is verified with the Sonnet EM Simulatia full-wave analysis engine which takes into
account all possible coupling mechanisms. The lagbthe microstrip filter with the final design
dimensions is given in Fig. 3, the fabricated fili® illustrated in Fig.4 while the simulated (ugin
Sonnet) and measured (using Vector Network Anajyizequency response is given in Fig.5.

Won oo Iy [ = |5 - [ - 19 mwm
1 I

[e12

le2 [co

[t [

Figure 3. Layout of a 13-pole Stepped-Impedance Microdtaw Pass Filter on a FR-4 substrate with
4.4 and h=1.6mm

Figure 4. Layout of the Fabricated 13-pole Stepped-Impeéamnicrostrip Low Pass Filter on a FR-4

substrate witler =4.4 and h=1.6mm.
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Figure5. Simulated (dashed line) and measured (continlilmejsfrequency response of the Stepped-
Impedance Low Pass Filter: (a), parameters, (b).gparameters.

3.2 Considerations

A Stepped-Impedance low pass microstrip filter Ib@sn simulated, designed, fabricated and tested
by measurement using a ROHDE&SCHWARZ ZVA 67 Vedimtwork Analyzer and the ZV-
Z218 calibration kit. The measured values are ganyjlar to the simulated values; from Fig. 5 it is
evident that the two Return Loss are very similad dower than -15dB.The simulated cutoff
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frequency achieved is the same of the design spatiin value (2.05 GHz) but the measured one
is greater (2.1 GHz); the simulated Insertion Lais2.25 GHz is -16dB while the measured one is -
13dB. The discrepancy can be corrected using ardiit dielectric constan€€4.3) and further
optimizing the capacitive and inductive lenghtshasimall successive corrections. In this way can
be obtained an excellent agreement with the irspaicifications.

4.0 Open-circuited stubs low pass filter

The previous stepped-impedance low pass filterizemlthe shunt capacitors of the low pass
prototype as low impedance lines in the transmispéath.

An alternative realization of a shunt capacitotoisise an open-circuited stub. For comparison, the
same prototype filter and the substrate of the ipusv design example of stepped-impedance
microstrip low pass filter has been employed. Alb®, same high-impedancé,=122 Q) lines

are used for the series inductors, while the opented stub will have the same low characteristic
impedance aZ,,=26 Q. Thus, the design parameters of the microstrigslisted in Table 3 are
valid for this design example. To realize the luohheC elements, the physical lengths of the high-
impedance lines and the open-circuited stubs #@raliy determined by

= A (wcLi)
L=oz\ zi

To correct for the fringing capacitance at the eoidthe line elements for ££C, and G, the open-
end effect is calculated using the equation

A :
lei = o (wcCiZc)

w
€0+0.3 T+0'264

%: 0.412 Al=0.69 mm

€,—0.258 %4.0,3

Where€, and W are respectively the effective dielectriastant and the width of the capacitor.
We need to subtractl from the above-determinetts, lca, lcs, Which giveslco=7.31mm,
lc.=8.11mm,lc=8.31 mm. To meet initial specifications, capaetiand inductive lengths have
been consequently optimized with the same technicpeel for the optimization of the Stepped-
Impedance filter; the final dimensions of the cit@ure listed in the following table:

Calculated Section | Optimized Section Z high OF Z jow Wi
[mm] [mm] [Q] [mm]

| 1=l 113=6.30 | 1=l 113=6.30 122 0.38
| o=l c1o=8.00 | o=l c12= 6.60 26 7.76
| 5=l 11,=10.50 | 5=l 11,=10.50 122 0.38
I 4=l c10=8.80 | cs=l c10=7.40 26 7.76
[ s=I s=10.80 [ s=I s=10.80 122 0.38
| ce=l cg=9.00 | ce=l cg=7.60 26 7.76
| ,=10.90 | ,=10.90 122 0.38
| 500=10 | 500=10 50 3.1

Table 5. Calculated and final dimensions of the Open-GiecLiStubs Low Pass Filter (for n=13).
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4.1 Simulation and measured results

The design is verified with the Sonnet EM Simulatidhe layout of the microstrip filter with the
final design dimensions is shown in Fig. 6, theritadied filter is shown in Fig. 7 while the
comparison between simulated and measured frequezsgonse of this microstrip filter is
illustrated in Fig. 8.

e | Mos | Tos | I lca J (e | etz
v =] [Te] [de]  [Te] G| [Tea] o
o0 B OB OB OB O o

e i Iis NIt ol [ T

Figure 6. layout of a 13-pole Open Stubs Microstrip Love®&ilter on a FR-4 substrate with= 4.4 and
h=1.6 mm.

‘  Zm ‘

Figure 7. Layout of the Fabricated 13-pole Open-Stubs Mittip Low Pass Filter on a FR-4 substrate with
€=4.4 and h=1.6 mm.
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Figure 8. Simulated (dashed line) and measured (continuag} fiequency response of the Open Stubs
Low Pass Filter: (a) g parameters, (b),Sparameters.

4.2 Considerations

An Open Stubs low pass microstrip filter has beemukted, designed, fabricated and tested by
measurement with the vector network analyzer. Coetpto the stepped-impedance response, both
filters show a very similar filtering charactercstn the given frequency range, as expected, 3s the
are designed based on the same prototype filteweMer, one should bear in mind that the two
filters have different realizations that only apgroate the lumped elements of the prototype near
the cutoff frequency, and hence, their wide-baeddiency responses can be different. From Fig. 8
it is evident that the two Return Loss are veryilsimand their value is -15dB. The achieved
simulated cutoff frequency is the same of the desgecification value (2.05 GHz) but the
measured one is greater (2.1 GHz); the simulatsdriion Loss at 2.25 GHz is -19dB while the
measured one is -14dB. The discrepancy can be ctedreusing a different dielectric
constantf,=4.3) and further optimizing the capacitive anduciilve lenghts with small successive
corrections. In this way we can obtain an excell@gteement with the initial specifications. In
conclusion, it has been shown that the Open Silibs tias a greater selectivity than the Stepped-
Impedance one, considering the same number ofiveadements.

5.0 Elliptic low pass filter

The filter is assumed to be fabricated on a FRb$sate of dielectric constaatand of thickness h
for angular normalized cutoff frequency, using éhement transformation [2]. Fig. 9 illustrates two
commonly used network structures for elliptic fuootlow pass prototype filters. In Fig. 9(a), the
series branches of parallel-resonant circuits ateoduced for realizing the finite-frequency
transmission zeros, since they block transmissyohaving infinite series impedance (open-circuit)
at resonance. For this form of the elliptic funntiow pass prototype [Fig. 9(a)],fgr oddi (i = 1,

3, - - ) represent the capacitance of a shuntitapag for even i(i = 2, 4, - - ) represent the
inductance of an inductor, and the primedog eveni (i = 2, 4, - - -) are the capacitance of a
capacitor in a series branch of parallel-resonantit. For the dual realization form in Fig. 9(b),
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the shunt branches of series-resonant circuitsuaesl for implementing the finite-frequency
transmission zeros, since they short out transorisat resonance. In this case, referring to Fig.
9(b), g for oddi(i =1, 3, - - -) are the inductance of a series todug for eveni (i=2, 4, - - -) are
the capacitance of a capacitor, and primddrgeveni (i = 2, 4, - - -) indicate the inductance of an
inductor in a shunt branch of series-resonant tirégain, either form may be used, because both
give the same response [1].

(n even)

(b)

Figure9. Low pass prototype filters for elliptic functioritérs with (a) series parallel-resonant branchas, (
its dual with shunt series-resonant branches.

The degree for an elliptic function low-pass prgpet to meet a given specification may be found
from design tables such as Table 3.3 [1]. For ms#aconsidering As=30dB atQs=1.05 and the
pass-band rippledz=0.1dB, calculated by

Lar=-10 |Og(1 1001 LR) dB
where LR=15dB, we can determine immediately n=7ictvls the order of the elliptic filter. The

element values for elliptic function low-pass ptgpe filters may be obtained from Table 3.3 [1].
For this design, we use the following low-pass qiyie values:

O1=011 | ®©=0c2 | =012 | ®B=03 | HW=0ca | W=0isa | B=0i5 | 9%=Ocs | =016 | 97=0L7

0.9194 | 1.0766 | 0.3422 | 1.0962 | 0.4052| 2.2085| 0.8434 | 0.5034 | 2.2085| 0.4110

Table 6. Elliptic coefficients

The microstrip filter is designed to have a cufodiquency fc=2.05 GHz and input/output terminal
impedanceZ,=50Q. Therefore, the L-C element values, which areestdb Z, and fc, can be
determined by

1 Yci
Li=——"7 i Ci=
' 2nfc 0 i ' 2nfcZ,
|_1 L2 L3 L4 L5 L6 I—7
3.57 nH 1.33 nH 4.26 nH 8.57 nH 3.27 nH 8.57 nH 1.59 nH
C G G
1.67 pF 0.63 pF 0.78 pF

Table 7. Inductance and capacitance values.

All inductors will be realized using high-impedanages with characteristic impedanceggE=122
Q, whereas all the capacitors are realized usingitopedance lines with characteristig,Z26 Q.
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Initial physical lengths of the high and low impeda lines for realization of the desired L-C
elements can be determined according to the desjgations

- A (wcLi) o= A Ciz
L =5 \"7] Ci_zn(wc iZc)

To correct for the fringing capacitance at the eofdthe line elements for £C, andG, the open-
end effect is calculated using the equations ptedan Chapter 4[1] and found to Ak= 0.69 mm:

w
€.+0.3 T+0'264

Al_
= 0.412

€,—0.258 %4.0_8

WhereE,and W are respectively the effective dielectricstant and the width of the capacitor. We
need to subtractl from the above determindg; lcs, Ics, Which givedc2=5.45 mm,|c,=1.63 mm,
lce=2.17 mm. Initial dimensions of the circuit linesnt meet the design specifications. Acting
with an iterative method of gradual optimization thie only width of the three capacitors, which
affect very specific frequency bands within thegauof our interest (from 0 to 5GHz), it is possible
to obtain the desired cut to the working frequendyle maintaining a good slope and shape, to
ensure an acceptable agreement with the desigs;gohis been initially considered a not optimal
accuracy of simulation to study separately theceffiue to the three capacitors, observing the
parameters variation of the scattering matrix. Oyme get a configuration of widths to guarantee
the desired cut, we consequently perform additigiadulations considering a better accuracy.
Again, acting on the only capacitive widths with alrsuccessive corrections, we obtained the
optimized dimensions (Table 8).

Calculated Section Optimized Section Z high OF Z jow Wi
[mm] [mm] [Q] [mm]
| 1=4.14 | 1=4.14 122 0.38
| c2— 6.14 | c2— 5.45 26 7.3
| 3=4.94 | 3=4.94 122 0.38
| ca-= 2.32 | ca= 1.63 26 5
| L5 — 3.8 | L5 — 3.8 122 0.38
| c6— 2.86 | c6— 2.17 26 5
| L7 = 1.84 | L7 = 1.84 122 0.38
| L2 = 1.54 | L2 = 1.54 122 0.38
| 14=9.93 | 14=9.93 122 0.38
| 6=9.93 | 16=9.93 122 0.38
| 50Q — 10 | 50Q — 10 50 3.1

Table 8. Calculated and optimized dimensions of the Etlihow Pass Filter (for n=7).

51 Simulation and measured results &t .4

The design is verified with the Sonnet EM SimuatiThe layout of the microstrip filter with the
final design dimensions, for a dielectric constah#l.4, is given in Fig. 10 and the simulated and
measured frequency responses of this microsttgy filre illustrated in Fig. 11.
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Figure 10. Layout of a 7-pole Elliptic Microstrip Low Pasdter on a FR-4 substrate wigh= 4.4 and
h=1.6mm at 2.05 GHz.
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Pass Filter: (a)  parameters, (b),Sparameters.

The results show a good agreement with the regeinésrbut there’s a small discrepancy between
simulated and measured frequency responses; tectdinis one it has been consequently optimized
the capacitive widths using the same iterative watltonsidering a different dielectric constant

45

€r=4.3.

Section | [mm] z high orZ low [Q] Wi[mm]
l,=4.14 122 0.38
| c2=5.45 26 7.35
| 2= 4.94 122 0.38
| c4= 1.63 26 547
| 5=3.8 122 0.38
| c6=2.17 26 5.47
| ,=1.84 122 0.38
l,=154 122 0.38
l14=9.93 122 0.38
| 6=9.93 122 0.38
| s00= 10 50 3.1

Table 9. Optimized Dimensions of the Elliptic Low Pasgéiilwith&=4.3.

5.2 Simulation and measured resulth @rit4.3

The layout of the microstrip filter is the sameFog. 10 and new dimensions are given in Table 9.
Simulated and measured frequency responses ofibiestrip filter are illustrated in Fig.12. The

realized filter is shown in Fig. 13.
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Figure 12. Comparison of simulated (dashed line) and meagadinuous line) performance for the
Elliptic Low Pass Filter n=7 on FR-4 substrate,%a)parameters, (b),Sparameters.

‘ 35.86 mm : ‘

35 mm

Figure 13. Layout of the Fabricated 7-pole Elliptic Micraptt.ow Pass Filter on a Fr-4 substrate.

5.3 Considerations

Fig. 12 presents the comparison of the input reflac(S ;) and the insertion loss {$ obtained
with the Sonnet EM simulation and the measuredlte$or the prototype filter designed on Fr-4
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substrate with a®r=4.3; it is clear that the achieved result areextellent agreement with the
requirements; the curves overlap very well, showthlmg same cutoff frequency (2.05 GHz) and a
small difference at 2.25 GHz: the simulated gairl&2 dB while the measured one is -21 dB. The
Elliptic Low Pass Filter could be used in wireleggplications and for the IF section of the Sardinia
Radio Telescope, with significant simplificationdacost reduction.

6.0 Mechanical design of the box

The software Autodesk Inventor Professional has hesed to study the mechanical design of the
box in which to insert the fabricated elliptic &t The three parts which form the final assembly
are: the box, the cap box and connectors. It was@keated, with the same procedure, a box for the
stepped impedance (Fig. 18) and for the open-¢adustubs filters but, in this section, we only
show the design of the box for the elliptic filtdfor the project it has been chosen the SMA
R125.414.000 connector from Radiall [3]. The eitipfilter sizes are 35.86x35 mm (with a
thickness of 1.56 mm); obviously, the box size Ww# larger than the filter, therefore it has been
chosen a size of 47.86x47 mm. After choosing tliereace plane, we designed the dimensions
taking into account the data sheet.

0127 ‘

Figure 14. Front panel of connector R125.414.000

From the datasheet, 2.6 mm is the diameter of itee lwles while 4.2 mm is the diameter of the
central hole; the horizontal and vertical distahetwveen the four side holes is 8.64 mm while the
distances between them and the central hole isB32

[PANEL CcUT OUT ]
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Figure 15. Drawing and quote of the connector R125.414.000

The distance between the central hole and therowall is calculated considering d=1.28 mm
and its value is given by (d/2)+(filter thicknes@xtrusion)=0.64+1.56+10=12.2 mm. The distance
between the central hole and the side wall is gilegnd47/2=23.5 mm. After calculating the
distances, it is necessary to impose the consdrainhorizontality and verticality. The holes were
built considering the use of screws with an ISOriogirofile (for the side threaded holes) and with
a simple profile (for the central one). The nexpsis the arrangement of the holes on the top edge
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for the cap: in this case, it is necessary thedboilonly four holes (because the elliptic filteash
small sizes) spaced suitably; the cap has a dimemdi47.86x47 mm, it has 3 mm thick and four
holes. The SMA connector is a separate part ofitta assembly, and its dimensions (calculated
considering the data sheet) are shown in Fig. 16.

Figure 16. Designed connector R125.414.000

Finally, the three different parts have been ass$enio obtain the final box (Fig. 17).

Figure 17. Final box for the Elliptic Low Pass Filter.
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Figure 18. Final box for the Stepped-Impedance Low Pass Filter

7.0 Conclusions

In this paper three different microstrip low pastefs on Fr-4 substrate were fabricated using the
LPKF Printed Circuit Board prototyping machine aiheir parameters were measured using the
ROHDE&SCHWARZ ZVA 67 Vector Network Analyzer (witthe ZV-Z218 calibration kit). The
numerical simulation and measurement of the fakeit filters, prove the validity of the analysis
and design. In particular, regarding the most carngdliptic Low Pass Filter, the achieved result
show an excellent agreement with the specificatigrould be used for wireless communications
(and WIMAX) and personal communication networks;éaese they have led to specific demands of
miniaturization, portability, low-manufacturing ¢oand high performance in RF and millimeter-
wave wireless systems [4]. Regarding WIMAX techiggloits use is very frequent because it is
necessary a channel selection filter with varididedwidth [5]. The fabricated Elliptic Low Pass
Filter could be also used in the IF section of Berdinia Radio Telescope, with significant
simplification and cost reduction.
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