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Microwave Circuits Assignment

1 INTRODUCTION

This project is concerned with the design, simakgticonstruction and test of a
microstrip filter. The simulation is held with Mmwave office that is a powerful
software tool; the construction of the filter isaeahrough the Wavemaker.

This is assignment is divided in two different gaas follows:

1.1 Design and simulation

In this part is required to simulate and desigrow pass filter with lumped
elements. The specifications are to obtain a 3 wlBoff frequency of 800 Mhz, using

three stages low pass filter and the standard ”WesfButterworth and Chebysheuv.

H(f) 4

»

1

0 - > f(MHZ)

Figure 1. Ideal frequency response of thefilter.

* Butterworth:

In order to meet the previous specification thasetlae calculations made, first
we take the values of the normalised coefficierftshe filter from the Butterworth

table. We have the following values:

=l g=2 ¢l g=1

The next formulas have been applied in order tokveart the real values of the

inductors and capacitors:

L = 9 [Z, C = 9 1)
Wc Wc |:ZO
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It is shown the circuit implemented with lumpedneémnts in the next figure,

Butterworth Filter (fc=800 Mhz). .
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Figure 2. Butterworth filter with lumped elements.

Here are the graphs obtained with the software,
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Figure 3. Sparameters of the Butterworth low-pass filter (fc=800 Mhz).
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As it can be seen in the graphs S11 is the sarBR2ass it was expected due to
the symmetry of the circuit. Another important agpef these graphs is in the S21
graph as it was expected the form of the frequeesponse at the band-pass of the
filter is flat. This is a characteristic of Butteovth filters, but the decreasing of the
frequency response at the cut-off frequency isvrog sharp.

e Chebyshev:

Like in the Butterworth filter design, the firstegt is to obtain from the
coefficient’s table the proper values for a filteith the specifications shown at figurel.

We have the following normalized coefficients frdime table for a 3 dB ripple:

0:=3.3487  g0.7117  3.3487 g1

Then the same formulgg) than in the Butterworth’s case are applied to work
out the real values for the inductors and capaitbiis is the circuit for the Chebyshev

filter:

Chebyshev Filter (fc=800Mhz)

PRt et ... D=L2.

Z=50 Ohm - - L=3331nH . = . . . L=33.31nH

PORT -
.o o P=2
- —L_cAP. - - . - Z=500hm
D=c1+

__ C=283pF

Figure 4. Chebyshev filter with lumped elements.

In the next page are represented the four graptasneld with the simulation of
this filter.
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Figure5. Sparameters of the Chebyshev low-passfilter (fc=800 Mh2).

Here it is shown again how S11 and S22 are equause the symmetry of the

circuit. It is also important to note that S21 awas expected has a ripple at the band-

pass. Very similar to the Butterworth filter thecdsasing (roll-off of the filter) of the

response is not very sharp after the cut-off fregyebut the phase of S21 suffered an

abrupt change that is very different from the Buwttath. More stages would be

necessary to make sharper the roll-off.

1.2 Butterworth Filter

In this part is required to design a 3-stage Butbeth filter using microstrip

technology and following the standard procedurdgiesThe next figure shows the

frequency response of the filter required.
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RT DUROID 5870
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1
Figure 6. Ideal frequency response of the filter and the microstrip substrate required.

The first step is to design the filter with lumpeleéments following the previous

steps as in the first part of this assignment. different values obtained from the tables

are:

o=l g=2 g=1 g=1
The formulas(l) are applied to work out the values for the indigtand

capacitors, and this is the circuit designed, theracteristic impedance is 50 Ohms:

Butterworth Filter (fc=1Ghz)

FE;C-)IRT - Ib=L2 . .~ .~ . ID=L1.
Z=50 Ohm - - L=7.95nH . . . . . . L=7.95nH.

ORT -
S pP=2
ID=C1 - L
‘C=6.36pF |

Figure 7. Butterworth low-pass filter with lumped elements (fc=1Ghz)

The next step is using the Richards transformatibecircuit is converted to a
circuit with ideal transmission lines, using thddwing formulas and transformations;

no losses are introduced in this part.
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Richardstransformations

A8 at w,
.‘ »
SC
XL L —
@
Zo=L
A8 at w,
+—>
L ®
iBc C - oC
®
Zo=1/C

Following these transformations this is the ciraiging ideal transmission lines:

Butterworth Filter with ideal Txlines (fc=1Ghz)

CTLsca . | _ 'F[IE:ST(:L% _
D=TL1. . | . _ 70250 Ohim’
. Z0=50 Ohm | . . =" m
B EL=4% Deg
. EL=4% Deg . . E0=1 GHz
F0=1 GHz . rhstenn
| Q'_i & | PORT
P=2
A
. TLOGC - ST T
FE’_CJIRT_ | ID=TLZ. .
| | 7o=25 Ohm
Z=00MM 1 B _45 Deg
FO=1 GHz .

Figur e 8. Butterworth low-pass filter with ideal Transmission lines (fc=1Ghz).

All the Zo have been calculated taking the realuesalof the capacitors and
inductors as shown in the circuit with lumped elatseand using the formulas of the

impedance for capacitors and inductors.
Z =jwL Zc=-j/wC (2)

The next step in design procedure for microstriperfihave been used the

Kuroda’s identities, it is only noted here the oequired for this assignment:

Microstrip Filter Design 6
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Z1
Zo = nZe nZo/(n-1) >~

T N=1+2/70 -

In order to apply Kuroda’s identities it is necegsep add two sections at the

beginning and at the end of the circuit using tmaission lines with characteristic
impedance (Zc) of 50 Ohms, they are called unigtises. After this, the previous
transformation is direct and is only required tokmé at the end of the circuit because
the beginning is symmetric. All the time all thelccdations are made with the
normalized values in function of the Zc=50 Ohms.the next figures the steps are

described graphically:

‘ A8 N8
Z1 Z3 Zi=1 Y,=2 2.1

N8

Y2

* ‘\ .
The same circuit with the unitysections,

Section transformed

i A8 71 i i 73 A8 /8 i
o8 ® ' ° o
i Zo i | Zo i
: : k :
° s ! : S Y
R EGEECEETEEE TR TR : ‘N """"""""""" :

The Kuroda'’s identities and formulas are appliethting the following values

and letting the circuit as follows:

s
e \

N:1+(21/ZO):2

‘\ Z1=Z5=nZy/(n-1)=2
.\‘ Zo=Z,=NZy=2
Zg=1/Y9=0.E

Microstrip Filter Design 7
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The next step is to renormalize all the impedamedanction of Zc=50 Ohms,

then the next circuit represents the microstrigefibut without discontinuities and the

losses derived from them.
Butterworth Filter using Microstrip Lines with no losses(fc=1Ghz)
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Figure 9. Butterworth low-pass filter with Microstrip lines with no losses (fc=1Ghz).

All the lengths and the widths of the microstripels have been calculated using
the Microwave Office component Txline. Taking inucd all the parameters of the
microstrip substrate required for this assignm&hen the last circuit is the one with the
discontinuities and the proper losses introducedhkege, also are needed two sections
in order to connect the ports and the real conmecRBoth of them of Zc=50 Ohms and

20 mm of length to keep the symmetry of the circuit

Butterworth Filter using Real Microstrip Lines (fe=1Ghz)
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Figure 10. Butterworth low-pass filter with real Microstrip lines (fc=1Ghz).
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This is the layout of the circuit and very similar the physical prototype,
obtaining using the Microwave Office and the Wavkardo make a file with extension
(EPS).

1 1

Figure 11. Layout of thefilter.

The following pages of this report will have theaghs of the S parameters
obtained with each circuit in the design proceddre. make easier the comparison
between them, they are going to appear as it caedein this page.

n + 1 ]
—a— DB{S[1,1]0 - DB(IS[1.711)
$11 Lumped Elements | 'mped elements $11 Ideal Txlines TAlines
0 —— = == 0 i
1 GHz
3021 dB 1.001 GHz
0 &0 -2.984 dB
h
-100 -100
-180 -180
[
-200 -200
] 1 2 3 0 1 2 3
Frequency [GHz) Frequency (GHz)
|4 D_B(|S[1 ._1 ]_|E)j | —& DB(SM A1)
. N MICrOSTNRIdE: microstripREAL
. S11 Ideal Microstrip — S11 Real Microstrip
=— 0 > St _ =
1 GHz
-2.905 dB 20 1.006 GHz
-30 -3.135dB
-40
-B0
-0
-a0
-80
-120 . 1 ; : -100
0 1 2 3
Frequency (GHz) Frequency (GHz)

Figure 11. S11 parameter of each circuit.
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As it was expected the S11 changes from the f#r lumped elements to the

real one using microstrip lines.
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Figure 12. S21 parameter of each circuit.

Here it can be seen the differences between theoSg1e circuit with lumped
elements and the one using microstrip lines witlthsitontinuities, also is important to
notice the abrupt roll-off of the real filter agsairthe soft one of the circuit with lumped
elements. The results obtained with the real midmbnes are enough in order to reach
the specifications of this filter. After experimarg with the lengths of the different
sections were not found significant changes indlgraphs. Now we represent the rest

parameters.
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Figure 13. S21 angle of each circuit.
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The are many differences between the phase of i§2&ah circuit, the last one

and the real circuit is due to the sections incafeal to make possible the connection

of two ports. The S22 parameters have not beemrsepted because they were exactly

the same as S11. All the circuits are symmetrichénext section is represented the S

parameters measured with the real prototype andéaheork analyser. After that page

are shown again the S parameters of the real nhigrosrcuit to make easier the

comparisons.

Microstrip Filter Design
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2 CONCLUSSIONSAND DISCUSSION

Different results have been obtained between the physical circuit and the
simulated one with the Microwave Office. The meaguegnts with the network analyser
have revealed that all the parameters are diffeérem the ones represented with the
simulation. Otherwise the accuracy is not bad f@neple the S21 has changed in 1.30
dBs and the rest are very similar to the simulatars. Only the phase has suffered a

significant change.

Due to the date of submission of this assignmeateths no more time to
experiment different solutions in order to get maxuracy but here are described
some of them. It is possible that the behaviouthef discontinuities has not been the
expected from the simulation and the losses ohileeostrip substrate are bigger than

the required ones.

In the filter designed with microstrip lines candigserved abrupt changes in the
width of the line this discontinuities are distagithe Electromagnetic field, and also
are affecting the electrical length of the linesking them shorter or longer. That can
be seen in the S21 parameter measured with theoriemalyser the work frequency
has suffered a displacement, the 3 dB is obtaiheddéferent frequency point bellow 1
Ghz as was required.

The most important discontinuity as it has been tioead before is the Tee
Junction; this one is very difficult to work withThis junction can make lines
electrically shorter, can introduced effects of tnpfopagation of the EM waves and
the simulation software is not taking all theseset$ in count. It is very difficult to
know exactly the behaviour of this kind of junctjon order to predict the exact effects

introduced by them.

It is possible to improve the accuracy of thisefijt using the tuning tools
provided by the Microwave Office Software, and riyito make softer the changes in
the width of the lines. Other point would be touassthe technical characteristics and

parameters of the substrate used.
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