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Analysis and Design of an Inhomogeneous
Transformer with Hard Wall Waveguide Sections

Mete Ozkar Student Member, IEEBNnd Amir Mortazawj Member, IEEE

Abstract—A new inhomogeneous waveguide transformer with /
hard walls is presented. Mode matching technique along with an
optimization routine is used to design the transformer. The gen-
eralized scattering matrix (GSM) of the whole block is calculated
which can be used to predict the fields at the output given the inci-
dent excitations. An example of a three-section transformer, which
replaces a tapered hard horn, is shown. The transformer has better
performance in the bandwidth of interest compared to the tapered
hard horn having twice the length of the transformer. This type of
transformers could be useful for excitation of quasi-optical ampli-
fiers and reflector feeds.
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Fig. 1. A transverse plane view of a dielectric-loaded waveguide.

I. INTRODUCTION
. optimization was achieved, but the frequency range was chosen
ﬁ‘VEGLiIDES antdhht())r_r; antgnnal;ls with hirSdEwaI(Istz;r uch that the higher order modes of the larger waveguide
nown 1o support Nybrd modes known as an would not be excited. Mode matching along with optimization
modes [1]. Due to the uniform field d|str|put|on across .the'lrlas been used to design double plane transformers for empty
aperture, such hard horn antennas have high gain and find \?)Bi/eguides in [8] and, unlike the previous designs, higher order

E!@?ggi ISeSrL:St(raervfi?)igls aenr:]i T\(;rfgjs fE)Zr].u:i?(;?mhz:::i?;;(e)zn Ddes (which affect the resonator lengths and step dimensions)
P y empioy ' QFe considered in the optimization process. In this paper,

quasi-optical amplifier arrays [3], [4]. The uniform field dism'_the optimization is done for the overmoded dielectric-loaded

bution at the hard horn aperture is achieved by d|electr|c_load|%%\/eguide sections and the discontinuity is in both E and H
the walls of the regular horn antennas [4]. However, since 2 nes

flare angle for a horn antenna should be kept at less than
for a smooth transition, the antenna length is considerably long
compared to wavelength. In this paper, inhomogeneous hard Il. THEORY

wall waveguide transformers are proposed which can be notably

shorter in length and can achieve a similar performance as tqég ?'elefr;[r'c;lc’?ded Waviﬁwdes,lTEtar}thg/l_(rjnod%s arke cou-
tapered hard horns. pled together to form an orthogonal set of hybrid modes known

In inhomogeneous transformers, the ratios of internal Wav%§ LSMand LSE modes [9]. If the dielectricis on the E-planes of

lengths and characteristic impedances at different positio gwaveguide, TE to (LSE”) and TM toz (LSM”) modes are

along the direction of propagation may change with frequen pported, where d|re9t|on IS as indicated in Fig. 1. It IS Pos-
Even though the lengths of such transformers are shorter t élﬂle to make use of t_h's af“f"?'a' _hard surface at the sidewalls
the tapered transitions, they show similar behavior around tﬁ)e"’u:h'eve a uniform field d|§tr|buthn at th_e trqnsverse plane of
design frequency. In this paper, for the first time, the applicatié{ne \t/)vta\_/egwdt_ef. Thedf_;lptp;)o?mafte ((jtheilectr_lc tgﬁknizss necessary
of inhomogeneous transformers is extended to the design gbtain a unitorm distrioution 1S determine y [1]

dielectric loaded multisection waveguide transformers. h = _ Ao 1)
i i i i 4/ 1
Design equations for conventional waveguide transformers Er —

based on quarter-wave transformer prototypes are given in yspere _
and [6]. In [7], inhomogeneous, nonquarterwave rectangular*o  free space wavelength at the design frequency;
waveguide transformer designs through the use of computer,,  dielectric constant of the material;

h thickness of the dielectric material as shown in Fig. 1.
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above can be found using the well-known mode matching tect ‘}z
nique. x

In the mode matching technique, all modes are considered
a double step plane discontinuity and the total field is obtaine:
as the sum of all the excited modes. The total power on eac
side of the junction is matched and the GSM for each junctiot j |
is obtained. The details of mode matching applied to the specifi
case of dielectric-loaded waveguides are described in [4]. Th
same GSM approach was used for analyzing transformers wi
different waveguide sections. Conventional transformer desig .
rules are not valid in this case, because of the double plane dis- , . ,

L . . . . Fig. 2. Athree-section double plane waveguide transformer. (a) 3-D view. (b)

continuities, dielectric-loaded walls, and the existence of hlghﬁfp cross section.
order modes. Therefore, an optimization procedure had to be
integrated with the mode matching approach to obtain the final
design parameters. The approach used here is similar to the one
in [8]. An error function is formed for the optimization process
as follows:
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wherea;, b;, andl; are the waveguide width, the waveguide 03

height, and length of each section, respectivélyis the start
frequency, and; is the final frequency in the frequency region
of interest.S3; is the transmission coefficient from the input
mode to the dominant output mode. The conversion between

the TR mode at the input and the L$fEmode at the output Frequency (GHz)
waveguide is maximized through this optimization whereas the
reflections seen at the input are minimized. Fig. 3. Magnitude ofS,, of the TE, mode (of the input waveguide) as a

function of frequency. Cutoff frequencies for different LSE modes at the output
waveguide and for TE at the input are shown in vertical lines.

I1l. DESIGN AND SIMULATIONS FOR A HARD
WALL TRANSFORMER AND VERIFICATION USING TABLE |

COMMERCIAL FEM SOFTWARE THE DIMENSIONS OF THE WAVEGUIDE
TRANSFORMER INMM

A three-section double plane transformer with dielectrin

walls as shown in Fig. 2 was designed using the above of Ku-band Section X-band
mization method and was incorporated into the mode matchi waveguide - > 3 waveguide
algorithm. The waveguide dimensions are given in Table _a 15.8 16.73 | 18.81 [ 21.66 22.86
whereq andb are the widths and heights, ands the length _b 79 1050 | 1073 | 1065 10.16
of each section. The input waveguide is a regular emp- 890 | 824 1| 6.17

waveguide whereas the output waveguide and the sections are
dielectric-loaded. Same dielectric material with = 2.2 was
used in both the horn and the transformer. The dielectric thick-
ness was chosen to achieve uniform field distribution around 15
GHz. After analyzing the tapered horn and the inhomogeneous
hard wall transformer using the mode-matching program, they
were also analyzed using a commercial three dimensional
(3-D) FEM simulator (HFSS). A good agreement between the
two techniques is obtained. The input reflection coefficient
for the dominant mode is compared with a tapered waveguide
transition of length 50 mm in Fig. 3. The reflections seen at the
input waveguide are reduced in the bandwidth of interest by

using the double plane (inhomogeneous) transformer. The tq;al 4. The field distribution across the aperture (almost exactly the same for

length of the three-section transformer is 23.31 mm (about h@ﬁh the transformer and the horn aperture) at 15 GHz. Each shade of gray
of the hard horn length). represents &1 dB power variation.

Cutoff frequencies shown as vertical lines in Fig. 3 are cal-
culated from the characteristic equations that result from evanedes that have odd symmetry with respect toyttaxis. It is
and odd-mode analysis [9]. Even modes are the modes that hetear that the output waveguide is overmoded in the frequency
even symmetry with respect to tpeaxis and odd modes are therange of interest.
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phase distribution of the field at the apertures of both designs.
Although it was not done here, the phase could also be included
as a parameter in the error function of the optimization.

IV. CONCLUSION

An inhomogeneous waveguide transformer with dielectric-
loaded waveguide sections was presented. The analysis and de-
sign procedure of such transformers was verified in the case of
the transition between an empl§u-band waveguide and a di-
electric loadedX -band waveguide. It was found that the trans-
Fig.5. 3-Dfield plotatthe aperture of the three-section waveguide transformgirmer had similar performance compared to that of a hard horn
at 15 GHz. 3-D field plot at the aperture of the horn at 15 GHz is the same .as . . . .
above. in the bandwidth of interest. The simulation results agree well

with the results obtained from a commercial FEM software.
Some of the applications include high aperture efficiency re-
flector feeds and quasi-optical amplifier arrays feeds.
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