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Abstract—This work deals with the suppression of parallel is printed on several slices of thin dielectric boards, dresé
plate and cavity modes in shielded microstrip circuits opeating  poards are located vertically side by side to form the péciod
at the lower microwave frequency range. The suppression is g face as shown in Fig. 1.a. The zigzags have electrical
achieved by using a lid made of zigzag wires printed periodally . .
on narrow slices of ungrounded circuit boards, located vertally contacts with the bottom plate. We ShO_UId also _pomt out
side by side. This structure is very compact both in periodity that the structure could be made of solid metal instead of
and height, it suppresses cavity modes over about an octavel2 printing it on a dielectric slab. However, for a moderate to

bandwidth, and it does not interfere with the packaged micrstrip  |ow frequency range, the option of printing is more convahie

circuit. from manufacturing point of view and does not add important
Index Terms—AMC, parallel plate mode, gap waveguide losses. We should also mention that the literature even de-
scribes other wideband solutions for packaging, but they ar
|. INTRODUCTION mainly based on multilayer structures [8],[9] that are para

with the microstrip circuit board or they are narrower band

The recently introducedap waveguide technology [1] has solutions as [10], [11].

opened for new applications of Artificial Magnetic Condusto
(AMC) and other types of periodic surfaces in the area ~*
packaging of microwave circuits. Previously, the authageh
demonstrated how to use the bed of nails [2] for this purpc
suppressing cavity modes over a wide bandwidth [3]. The
have also been presented other AMC-type structures that
be used for creating the stop band neededap waveguide
applications [4], such as mushroom surfaces [5].

The bed of nails [2] has a thickness between5 and (a) Perspective (b) Front view
0'_5/\ and is therefor,e useful at high frequencies Where 1 Fig. 1. The zigzag structure with all the main geometricaiapeeters. The
pin lengths are physically short. However, when scalingrtheypper metal plate is actually the ground plane of the migsircuit board
to frequencies below 10 GHz, the structure becomes too buldjich we shall package. The substrate of the microstripuititeoard is not
even for tilted versions of it [6]. Previously, we have prepd shown, but will in practice be located within the gap of heigh
to transform the bed of nails to a bed of springs [7] to realize Il. PARAMETRIC STUDY

the stop band with a more compact periodic surface. However,F_ i determine the stooband of th llel-plat q
the fabrication of springs and mounting of them side by séde Irstwe determine the stopband ot the paraflel-piate modes

not easy and can be expensive. The length of the wire usecfh}ﬁ CO”_‘F’(‘;_“”Q thedds,pc_ersmn ?lagtram bu?mg a unlt"glll of
each spring should be approximatélg5\ in order to achieve € periodic grounded zigzag structure between parafieaime

the stopband function when many of them are located side B tes, as shown in F'g' 1.b, by_usmg the eigenmode solver
side. of CST Microwave Sudio. The zigzag wires are grounded

In the present work we propose a printed zigzag version & the I(zwe; metald F;Late, and th?rle 'S fa 9ap .l(ajetwe;]e.znh ttt;]e
a spring, and we test out how well it works for suppressi gzag structure and the upper metal surface inside whe

cavity modes when packaging a microstrip circuit examp |ctros_tr|p (t:'rclll'"t ttr? be pacdke(T Sha"fbti Iocgted.tThe .uppter
around 5 GHz. The structure is shown in Fig. 1 where all t ate 15 actually tné ground plane of the microstrip circul

design parameters are described. The periodic zigzagsteuc fom the computatlons_, we can .COOC!Ude that the proposed
structure has the folowing intrinsic limits for the stop ban
Manuscript received January 1, 2013; revised March 3, 20h&s work the lower cutoff frequency appears when the electricaltleng
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There is an important difference when comparing the zigzi .

X Slab with

structure to the bed of nails: the size of the gaip hardly af- R IS ormed ozag |
fecting the lower cutoff frequency of the stopband. The oeas o8l -1 ‘
comes from the fact that there is almost no capacitive effe Lt .\.‘.5
between the top of the zigzag wires and the upper plate, o uniccel

! i« STOP BAND :

contrast to the capacitive effect created by the largerdiaof £

the pins, which is critical and strongly contributes to dase 04r

the lower limit of the stop band [4]. This is an advantag

because we can increase the space between the top of o2r

zigzag and the circuit board to be packaged without affgctii

too much the stop band. On the other hand, bandwidth can % 2 R

be increased by using these capactive effects. educingtéle t
length of the “wire” (i.e., reducing the diametér, reducing Fig. 2. Dispersion diagram of the designed zigzag strudirgig. 1.b in

. . the two main directions: perpendicular and parallel to tlebs The inset
the number of armsV or reducmg the helghh) moves the represents the top view of the unit cell. Solid lines repnesaodes forz

complete stop band up in frequency. direction and dashed lines represent modesifoirection. In both casesy
There are two periods in the structure: one between the: P« =p= =10 mm.D =7 mm,h =10 mm andg = 2 mm.
neighboring zigzags printed on the same layer)( and the TABLE |

other between neighboring slabg,j. These periods do not FREQUENCIES OF THE FIRSB CAVITY MODES (IN GHz) IN TWO
need to be identical. We have used sub-wavelengths periods PARTIALLY FILLED CAVITIES WITH SIZE 100x55x 12 MM

in all the examples considered, and we could not observe anyempty | 3.06 | 3.98 | 517 | 556 | 6.11 | 6.47 | 6.94 | 7.83
difference in the stopband. The main requirement is that the ggz:g sar | 374 485 5ol 573 600 651 7as
number of zigzags or their size must create a dense enolgfinh siabs
lattice with a period smaller than O\@t all frequencies within

the stop band.

IV. EXPERIMENTAL RESULTS

[1l. PROTOTYPE DESIGN The manufactured zigzag lid is shown in Fig. 3.b including
the double-bent microstrip line to be packaged (fed by adaxi
We use the same simple microstrip circuit demonstrator 8MA connectors). The comparison is made with a smooth
in [3], i.e. microstrip line with two90° bends. The targeted metal lid located at the same distance to the circuit as the
frequency range is from 3 to 6 GHz, and the microstrip circufiate to which the zigzag wires are soldered, ile+(g). The
board has dimensions 55 mm 100 mm. The line width is S.parameters are referred to the coaxial ports, so the imper-
1 mm and it is printed on a dielectric material with relativgections of the coaxial to microstrip transitions are irigd
permittivity ¢, = 4.5 and? 0.5 mm thickness (providing a 50in the presented results.
Q line impedance). The line is not affected by the packaging The experimental results are shown in Fig. 3.a. As expected
as the cavity modes as discussed in [12]. The bends are kngwé cavity modes are not excited very strongly for this trans
to cause radiation and excite cavity modes. However, at thfission line at this frequency, but nevertheless we canrobse
frequenCies we have selected and with the substrate ﬂ‘HSkn@\”ty mode resonances when Carefu”y Studying the results
we have considered, the radiation will be almost negligiblend some of these resonances coincide with the ones in Table
and thus we expect to observe only weak excitation of cavity We show a detailed comparison of the,,| parameters
modes. In real circuits there may be many other causes fgf two different zigzag lids, with the only difference bgin
cavity mode excitations, such as non-linear amplifiers.  the material used to print the zigzag: one is printed on lossy
Considering this, we have chosen the following parametefR4 (Fiber glass witltgé = 0.015), and the other on lowloss
for the unit cell, a zigzag unit cell with a number of sectionBuroid (tgd = 0.002). For both cases the cavity modes are
of N =3 andp, =p. =10 mm,D =7 mm,h =10 mm andy clearly removed when compared to the smooth metal lid. This
= 2 mm. The dispersion diagrams in the two main directionshows that the suppression of cavity modes is not related to
i.e., the one parallel to the slabs and the one perpendituladielectric losses but to the zigzag wire itself. The effecthe
it are shown in Fig. 2. They have been computed includingsses can be noticed in the level of fi$e;| parameter, but it
the substrate layer for the circuit located in between the gi& very small. Before the starting of the stop band the zigzag
and the upper plate according to Fig. 1.b. lid has worse effect than the metal lid because it allows the
We have numerically computed the frequencies of the cavigxcitation of more of the undesired modes, which is a common
modes by using the eigenmode solver of CST Microwavact in all artificial stop band surfaces.
Studio for two cases; i) empty cavity with smooth metal lidlan We have also measured the relative radiated power of the
depth equal tav+g and, ii) the same cavity with the dielectricdouble-bent microstrip ling) without any lid (open case),
slabs without the printed zigzag shaped wires. The resoits fi) packaged with smooth metal lid, ani) packaged with
the first 8 modes are presented in Table I. Some of thebe two zigzag lids, and these are shown in Fig. 4. The
modes have resonated within the stop band of the structuneasurements were performed in a reverberation chamber [13
and consequently leads to its suppression. for all the circuits between 4.5 GHz and 6 GHz. The radiation
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Fig. 4. Relative radiated power measured in reverberatimmber for the

microstrip test circuit open, packaged with smooth lid arithvihe FR4 and
Duroid zigzags.
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loss is clearly very low for the two zigzag cases, compared tf]
the open and smooth lid cases. The lids were held in position
during measurements by using just four screws (one per edge)

El

V. CONCLUSION

A new type of periodic surface was proposed to be used f b
packaging of microstrip circuits below 10 GHz. The struetur
removed cavity modes and radiation as supported by the

results. The stopband condition removed also radiaticrelga 1, ;
from the small gap between the metal lid and the walls of the

box. As a consequence, there is no need for many and tight
screws around the rim of lid of the box that package the CﬁrCl[Ij_z]
board.
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