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ABSTRACT

M2 rejection filters are band stop devices usually useful for one frequency only. In this paper the multi frequency
aspects of the filter using overlay of Ni.q7.xCoxZng sFe;04 thick filmis reported. Composition dependent shiftsin the
resonance notch is obtained. In the Ku band double resonances are obtained with an increase in the regjection. Due
to increase in cobalt content the Q of the filter and the effective dielectric constant increases. Tuning of the filter due
to composition of the Ni.q7.xCoxZng3Fe,0, thick film overlay has been obtained in the X and Ku band. From the
perturbations the complex permittivity and permeability of the ferrite thick films have been evaluated.
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INTRODUCTION

With the recent progress of microwave applicatimetuding mobile and satellite communication sysiethere is a
growing need to improve the performance of filtecuits to be compatible to the monolithic integetcircuits
(MMIC’s). The A/2 microstrip rejection filter circuit is a standamicrostrip resonant circuit with band reject
characteristics. The signal while propagating tigfothe microstripline resonator suffers variouséssand affects
the Q value of the circuit [1]. The overlay techmégn which a material of high dielectric constanplaced over the
microstripline circuit may be one of the cost effee solutions to improve the performance of thapled circuits.
Our lab has been investigating the effect of vagioverlays on a number of microstrip component$]2-

Ferrites are very useful materials in the high diesepy for various devices. There is a dearth afrimftion in the
literature regarding ferrite thick film. If true goharization of ferrite based devices is to be aguat is essential to
investigate the effects of these ferrites on theade This paper reports the studies on the meatifin in the filter
properties due to Niy.xCoxZny sF&0, thick film overlay on Ag thick filmA/2 microstrip rejection filter in the X
and Ku bands of microwave frequencies. The efféathange in the composition of the ferrite on tlegction

properties is also reported. Using the perturbati@nmaterial properties like complex permittivityd permeability
has been evaluated.

MATERIALS AND METHODS

The ferrites with the stoichiometric formulae Ni,Co,Zny F60, (x= 0,0.04,0.08 and 0.12) were synthesized by
sucrose precursor technique using the constituetalmitrates and sucrose precursor and sinterdé@GEC [7].
The ferrite powder was used to prepare the thick paste and screen printed on to alumina substkatecera
Japan) of dimensions 1cm X 2.5 cm X 0.06¢cm andi fae956C in a zonal furnace. The film thickness was about
35um as measured by weight difference method.

The poly crystalline nature of the films was comfid by X-ray diffraction technique. Figure 1 shatws XRD for

composition with X=0.08. The films show a domingeiak (311) along with the other peaks (220), (22&)0),
(422), (511), (440) indicating the formation of regli ferrite.
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Fig.1. XRD pattern of Niy7.xCox ZNng sFe,0,4 for X=0.08.

Figure 2 shows the schematic of the L sechitthmicrostrip rejection filter.
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Fig. 2. The schematic of the Ag thick film L sectin A/2 microstrip rejection filter with overlay

Two separaté\g thick film L sectionA/2 microstrip rejection filters, one with the resoce frequency of 9.55 GHz
for X-band and the other with 16.45 GHz for the Kand, were delineated by thick film-screen printiaghnique
with silver paste as the metallization on to alumnsubstrate (Kyocera Japan) having dimensionsiXnt inch X
0.025 inch and fired at 780 with a conventional thick-film firing cycle [8].

The total length of the L section were 4.8mm inXhband and 2.8mm in the Ku band. Three identiitt&r§ each
in X and Ku band respectively were studied andaterage of the three results have been plottedefioe in the
measurement in rejection from sample to sample~asdb in the X band and+1.6 db in the Ku band. Since the
Ku band dimensions are smaller than the X band mines the errors due to thick film delineatiomnisre.

For performance evaluation, tid2 microstrip rejection filter was mounted in ailieat microwave integrated

circuit test fixture and transmittance (S21) measwents were made point by point in the frequenogeaof 8-12
GHz with the help of a microwave bench consistihgaurce, isolator, attenuator, directional coupttector and
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the appropriate SMA connectors and launchers.th&lferrite thick films were kept as in touch oegrtovering the
L section of the microstrip rejection filter.

RESULTS AND DISCUSSION

Figure 3 depicts the frequency response charatitsrisf the X-band Ag thick filn\/2 microstrip rejection filter
without and with thick film overlay of Nj;.,Co.Zng sFe0, of various compositions

The filter without overlay (indicated as W/O ovarla graph) showed a rejection of —25 dB at 9.55zGFhe off

resonance regions of the curve are almost unifoitiman average insertion loss of -7 dB. Due todherlay of the

ferrite thick films, the resonance frequency shiftwards lower frequency end. As the cobalt conietreases the
shift also increases.
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Fig.3. Frequency response characteristics of the Band filter without and with thick film overlay of Nig 7.,C0,Zng sF€,0,4

The frequency response of the rejection filtethia Ku band with Ni.7,Co.Zng sFe0, thick film overlay is given in
figure 4.
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Fig.4. Frequency response characteristics of the Knand filter without and with thick film overlay of Nig 7.,C0,ZNg3F€,0,

The filter without overlay has a rejection of —24dIR with resonance at 16.45 GHz. The off resonaag®ns of the
filter without overlay are almost uniform with anesage insertion loss of about —9 dB. Due to oyed&Niy..
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«CoZng sFe,0, thick films, a split in the resonance notch isadted. Similar to effects in the X band in the Kand
also due to increase in cobalt content the res@nahift increases. The peak rejection has alseased due to the

overlay.

The off resonance insertion loss is not disturbeel th the Nj.;.Co.Zny s3Fe,0, thick film overlay both in the X and

Ku band.

The data of resonance frequency and value of maxringjection is tabulated in table 1.

Table 1. Resonant frequency,fand rejection Rejn.y in the X-band and Ku-band of the rejection filterswith
the overlay of Nig 7.,C0,Zng sF&,0, thick films.

Composition X-band_ _Ku-band .
X fr Rejmax fr1 Re]maxl frZ Re]maxz
(GHz) | (dB) | (GHz) | (dB) | (GHz) | (dB)

Without Overlay| 9.55 -25 16.4%  -24.2 - -
0 9.42 -26.1| 16.36 -21.7] 15.( -17.26
0.04 9.37 -28.6| 16.23 -23.3 14.8 -19.94
0.08 9.24 -30.5| 16.14 -25.4 14.65 -241
0.12 9.20 -33.0| 16.03 -27.71 14.640 -28/3

In the Ku band the composition dependent resonfirgeiency shifts are more near the original fregyemhereas

the rejection changes are more at the second nesena

The quality factor of the microstrip rejection dittin the X and Ku band due to ¢Ni,Ca.ZngsFe0, thick film
overlay is shown in figure 5. From the figure isisen that the Q of the filter in Ku band is higtiem that in the X

band and as the cobalt content increases the @ falsb increases. In the Ku band the Q factoleasn calculated
at first resonance.

The effective dielectric constasy; without overlay was calculated using the formul®wens [9]

getrn =[(&r +1)/2] [1+(29.98/2) (2/ & +1)"2 (&, 1/ & +1)(Inn/2 + 1/¢, Ind/m)]

Wheree,=9.6; the dielectric constant of substrate (aluiidg=50Q, Thesg, With overlay was calculated by using
the formula given in the literature [10]

2/ ¢ 2_
27 £1°= e/ Eetro

Where f and § are the resonance frequency without overlay arid evierlay respectively.

The effect of composition of the thick film ferriten the effective dielectric constant of the filieralso depicted in

figure 5.
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From the figure it is seen that the effective ditie constant obtained in the X band are highantthose obtained
in Ku band. As cobalt content increasgsincreases, the increase being larger in the X band

The perturbation in the resonance peaks can bslated into the material characteristics of therlaig material.
The complex permittivity and permeability of the MiCo.ZnyF60, thick film overlay has been calculated
according to the formula published in our earliesrkv[11]. The data of the composition dependent em
permittivity and permeability are tabulated in @Bl The values have been calculated at the reseri@yuency.

From the table it is seen that the dielectric camist’ and permeabilityy’ in the 8-12 GHz and 13-18 GHz
frequency range increases due to increase in cobalent in the ferrite. The dielectric loss is rftected by
change in the cobalt content, where as the maglostp” decreases as cobalt content increases.

Table 2. Complex permittivity and permeability of Ni.q 7.,C0.ZNng sFe,04 thick films calculated from
perturbations in the filter

X [ &g | & | & [ p | p g | & | & | w | p
In X-band In Ku-band

0 6.956| 10.332 0.833 2.2783 1.1492 6.829 5.0368190.| 1.4061] 0.109

0.04| 7.031] 14.12| 0.8256 2.7809 0.6913 6.938 8.0538B175| 1.7061 0.082

7.

7.

0.08| 7.23| 17.568 0.8211 3.2305 0.6539 D51 12{0D8142| 2.0945 0.079
0.12] 7.293] 23.233 0.8161 3.9534 0.0571 113 13|80B811 | 2.2769 0.050

== = =

=Y = E Iy

The geometry of th@/2 microstrip rejection filter has the associatadding fields in the air-substrate interface.
These fields interact with the overlay material #ald to changes in the frequency response chasdicte of the
filter circuit. In the Ku band the size of the regibetween the L section and the line is compagtismaller than
in the X band. This might result in a more concatetl fringing fields present here which might resolover
coupling with the overlay material resulting in thepearance of double resonance notch. Basicabetfilters are
reciprocal components containing two degenerateogdnal modes. Under symmetry conditions these tiawe
same resonance frequency. If the symmetry is distlor perturbed the two degenerate modes legplittng of

the resonance curve. The overlay acts as the pation factor. In the Ku band the effect of thetperation seems
to be more.

The increase in effective dielectric constant witibalt content indicates an increase in dieleatoiestant of the
overlay material. The higher dielectric constant tbé overlay material makes the fringing field Bnget
concentrated more, as a result the fringe fieldacépnce increases and leads to larger decreathe iresonant
frequency. The increase in Q value and the rejeclg.0f the both the filters with the increase in cobalt
composition x is attributed to absorbing naturettaf overlaid material. The overlay also changeseieetrical
length by varying the phase velocity via the digle@verlay.

Since no external magnetic field was applied, thiesdtes are magnetically non saturated and aé snalti

domains are nucleated in the ferrite materials.tA@ocause for the perturbations of the microditiprs due to
overlaid materials might be the electromagnetieriierence effects. The interfering electric and negig fields on
the surface of the circuit could trigger or exdite microstrip circuit to cause malfunctions orestinterference
effects. The magnetic field intensity causes materference than the electric field intensity [1Pbading of the
superstate on the surface of the circuits increttsmsnagnetic field intensity by ~ 4.4 times. Thiterference is
bound to cause unavoidable difference in the cheriatics of the microstripline components. Thet faat the
overlay used in this work is magnetic in naturaitssin the interference problems.

CONCLUSION

A split in the resonance frequency due tg.NCo.Zn, sFe,0, thick film overlay is obtained in the Ku band (18-
GHz). The split frequency does not differ muchtirit rejection indicating possible applicationsradti frequency
filter. The resonance frequency of both the filtees shifted towards shorter frequency end dubedricrease in
effective dielectric constant, which has been cdusethe increase in cobalt concentration in therlay ferrite
material. The complex permittivity and permeabildf/the Np.;.,CoZngFe0, thick film has been successfully
determined using the perturbation of the filterickhfilm ferrite overlay on thick film componentsight provide

non reciprocal effects also if a magnetic matadalelineated along with the ferrite. Further irtigegtions are in
progress for this.
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