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Accurate Modeling of Metal Plate-Loaded
Loop-Coupled Cavities with Slots

Luca PierantoniMember, IEEEand Tullio Rozzj Fellow, IEEE

Abstract—In this letter, we analyze the problem of the electro- phenomena in microwave structures, [4], [5]. For the case of
magnetic field radiated from apertures in coaxial fed metal en- the empty cavity, the theoretical results are compared with
closures Igaded W|th metal inserts. Such situations are found, for experimental ones reported in the literature [1], showing
example, in PC environments where slots and apertures are used .
for the purpose of heat dissipation, CD-ROMs, cable penetration yery 9000' agreement. For the case of the_ loaded cavity we
etc. We derive an accurate model of the entire structure, including investigate the shift of the resonant frequencies and the level of
the coaxial line-to-loop-to-cavity feed and the inner metal planes, the radiated emission as function of the position of the metal

simulating the presence of the circuitry inside. The analysis is de- plates. The numerical simulations, performed on a PC, require
veloped by means of the hybrid transmission line matrix-integral very low computational effort

equation (TLM-IE) method and theoretical results are compared
with experimental ones showing very good agreement. The evalua-
tion of the reflection coefficient and of the level of radiated emission Il. THEORY

as functions of the metal plates position is very helpful toward the . . .
engineering design of the entire structure. The numerical simula- 1 h€ theory of the TLM-IE method is reported in [4], [S]; in
tions require rather low computational effort. this approach the three-dimensional space is segmented into dif-

Index Terms—Apertures, integral equation, metal enclosures, fergnt Subreg'or‘s: where the best suited methoq’ be 1t TLM or
radiated emission, TLM. IE is applied. At the boundary surfaces of the discretized sub-
regions the e.m. tangential field components are sampled and
represented by means of subdomain basis functions. By ap-
plying the field continuity and using the Method of Moments

ETAL cavities with apertures are widely used in manyMoM) technique we derive a matrix system for the tangential

electromagnetic applications such as the shielding fi¢ld components, [4], [5]. In the present case, the e.m. field in-
electronic equipment. The presence of high-frequency fieldssite the cavity is modeled by the TLM method, that is able to
the cavity generates spurious radiation through the slot, whidlscretize the complex shape of the coax-feed as well as the in-
is source of interference with other equipment, [1]. Typicallygertion of metal plates, (see Fig. 1). Outside the cavity, in the
the feed to the circuitry internal to the cavity is provided by &ee-space region, the e.m. field is represented by means of the
coaxial line, whose inner conductor is short-circuited by meafree-space Green'’s function. The boundary between the two re-
of a loop down to ground. Inside the box, metal plates may lgéons is represented by the surface of the rectangular aperture,
placed: they represent the ground of large mother boards suhere the TLM and IE methods are matched. By using the an-
porting several PCBs. This is a realistic situation representiatytical Green’s function in free-space, we avoid the disadvan-
a clock-circuit inside a PC terminal. Several techniques hatages of the TLM method, which occur in modeling the e.m.
been applied to the modeling of the empty slotted cavity, asfirld in open space regions, where the number of the cells in-
[1]. The difficulty arises in modeling the complete structuresreases very rapidly together with the computational time and
comprising the feeding mechanism and the metal plates insidgemory requirement.
The goals of the present contribution are the following:

1) modeling the empty structure, including the coax feed and lll. RESULTS

evalugting of the ;cattering parameters; We analyze the metallic cavity shown in Fig. 1; its dimensions
2) modeling the cavity loaded by ground planes. are:a = 100 mm, b = 337 mm, ¢ = 160 mm, with an aperture
The e.m. analysis is performed by means of the TLM-Igf dimensions 228 10 mm. The cavity is fed by a metal loop
method. The latter is a hybrid approach in the time-domajgrmed by the twisted inner conductor of a coaxial cable placed
combining the advantages of the TLM method [2], that is very,, — 62 mm, » = 60 mm. The coaxial line is connected to a
flexible in modeling arbitrarily shaped complex structuregojtage generator, as shown in Fig. 1 and we consider a feed cur-
and the advantages of the IE method, that is very efficient jant of 1 A. Inside the cavity we apply the TLM algorithm with
modeling the free space region, [3]. The TLM-IE method issymmetrical Condensed Node (SCN) and homogeneous mesh
in fact, efficient and versatile in modeling transient radiatiopA, — Ay = Az = 2 mm). The circular transverse section of
the coaxial line-loop-cavity is modeled by TLM as a sequence
Manuscript received November 8, 2000; revised January 31, 2001. The revigfv“square” sectors. The excitation pulse is a sinusoidal elec-
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Fig. 1. Analyzed cavity. Dimensions: = 100 mm,b = 337 mm,c = 160  Fig. 3. Loaded cavity. Reflection coefficient amplitude, evaluated by the

mm. Aperture coordinates’; = 49 mm,Y; = 55 mm. Position of the feeding TLM-IE method, in the cases (a)—(c) of Fig. 1.
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Fig. 2. Empty cavity. Upper side: theoretidal. -field amplitude (in KV/m) at

the center of the aperture compared with the data reported in [1]. Lower siffég- 4. Loaded cavity#, -field amplitude (dBxV/m) at a distance ofz = 4

reflection coefficient amplitude compared with experimental results, [1]. M from the aperture, normalized to tf& -field on the aperture and compared
with the case of empty cavity.

Empty Cavity: In Fig. 2 (upper side), we show the theorGt'and a decreasing,.-field on the aperture. Dually, by inserting

ical £,;-field amplitude (the main field component in this cony Igngitudinal plate, the normal,.-field becomes stronger: this

figuration), evaluated at the center of the aperture and compare . ! S

: ) ) produces an increase of tiiefield on the aperture, which, in
with the data reported in [1]. We note three main resonancest%'%n increases the emitted radiation. In case (c), we have the
about, f = 640, f = 660, f = 1100 MHz due to the pres- ' | ’

ence of the 10op. of the aperture and of the cavity. respective ombination of the two effects. The computational time is about
P: P Y, resp %b CPU-min using a 500-MHz PC, 500 MByte-RAM.

In Fig. 2 (lower side), we report the calculated reflection coef-
ficient compared with the measured one [1].

Loaded Cavity: Now we insert metal plates inside the cavity.
In case (a) we insert three plates, placed normally with respect tdn this contribution we present an accurate analysis of the ra-
they-axis (aty = 115, 165, 215 mm), indicated as “transversediation from a cavity with apertures fed by coaxial cable and
plates” in Fig. 1. In case (b), we consider a single plate in theaded with metal plates. The proposed model simulates a re-
planey—z, atx = 85 mm, (“longitudinal plate”). In case (c), we alistic PC terminal with its clock circuitry. The e.m. analysis
consider both the transverse and the longitudinal loading platessperformed by the TLM-IE method, that is very efficient for

Fig. 3 shows the calculated reflection coefficient in case (g)foblems in which structures of complex shape are interfaced to
(b), and (c). The insertion of reactive elements causes a differéneie-space. For the case of the empty cavity theoretical results
distribution of the electric and magnetic energy and a shift of tkee compared with experimental ones, showing good agreement.
resonances. For the case of the loaded cavity the variation of the reflection

In Fig. 4, we report the radiatefl,.-field (at a distance of coefficient as function of the position of the metal plates permit
4 m) compared to the case of empty cavity. In case (a) we haweto investigate the shift of the resonant frequencies. The level
a lower level of radiated field: this is due to the metal plates of the emitted radiation appears to be very sensitive to the ge-
the planec—z, which cause a nult-tangential field on the plates ometry and the location of the loading plates.

IV. CONCLUSIONS



PIERANTONI AND ROZZI: ACCURATE MODELING OF METAL PLATE-LOADED LOOP-COUPLED CAVITIES 175

REFERENCES

[1] G. Cerri, R. De Leo, and V. Mariani Primiani, “Theoretical and exper-
imental evaluation of the electromagnetic radiation from apertures in
shielded enclosures|EEE Trans. Electromagn. Compavol. 24, pp.
423-432, Nov. 1992.

[2] P. B. Johns, “A symmetrical condensed node for the TLM-method,”
IEEE Trans. Microwave Theory Techol. MTT-35, pp. 370-377, Apr.
1987.

(3]
(4]

(5]

R. F. Harrington,Field Computation by Moment MethadsMalabar,

FL: Krieger, 1982.

S. Lindenmeier, L. Pierantoni, and P. Russer, “Time domain modeling
of E. M. coupling between microwave circuit structures,Piroc. 1999
IEEE-MTT-S Int. Microwave SympAnaheim, CA, June 13-19, 1999.

L. Pierantoni, S. Lindenmeier, and P. Russer, “Efficient analysis and
modeling of the radiation of microstrip lines and patch antennas by the
TLM-integral equation (TLM-IE) method,Int. J. Numer. Modeling:
Electron. Networks, Devices, Fieldsol. 12, no. 4, pp. 329-340,
July—-Aug. 1999.



	MTT023
	Return to Contents


