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Abstract — Holography is a promising technique for A Output
power combining applications in the frequency range of short / \\ m=0

millimeter and submillimeter waves. In this paper, a quasi-
optical holographic power combining circuit is investigated.
The hologram is designed for 150 GHz and has an efficiency of
92.5 % with a 90 % bandwidth of 5.3 %. With help of a broad-
band waveguide power splitter and a vector field measurement
system, the circuit is analyzed.

I. HOLOGRAPHICPOWER COMBINING

Highly efficient solid-state power combining in the fre-
guency range of short millimeter and submillimeter waves L\—(—'—\—'—\—'—\—'—\—'—\—'—\—'—\i
should be performed in free-space to avoid ohmic losses e z Hologram
[1]. Consequently, the individual sources have to be placed r M i_)
in an array. On the other hand, there is a general restric-

tion concerning the limitation of the inter-element spacing Horn
due to thermal demands, single-device housing geometry, Array
and beam launcher aperture. Therefore, this distance is re-

stricted to several wavelengths. Hence, grating lobes occur

in the radiation pattern, and the combining efficiency de-

creases drastically. Input

To overcome this problem, holography can be utilized _ S
[2]. The hologram stores the interference pattern of botH19- 1: Setup of the holograph!c power combining circuit. In the
the input waves and the desired output beam, so that the Iagp'o_er part, the space harmonics above cut-offfiph = 9.5 are
ter will be reconstructed if the hologram is illuminated by epicted.
the input waves. The experimental setup is depicted in the
lower part of Fig. 1 for five single-element sources with dis-are sketched fok = 19 mm, f = 150 GHz. Note that these
tanceL. The hologram which is located in the near-field of modes correspond to the resulting grating lobes for the fi-
the horn array consists of a dielectric surface-relief gratingnite case.
with relative permittivitye,.. The optimization of the power combining circuit can be

If the number of devices is large enough, the hologranperformed by modeling the structure by an equivalent net-
can be designed as a periodic structure with the same pevrork as described in [2]. A well designed hologram maxi-
riodicity lengthL. In this case, the optimization of the struc- mizes the power which is combined in the perpendicular
ture can be performed by assuming both parts — horns anglane wave, i.em= 0 (Fig. 1). This leads to a pseudo-plane
hologram — to be periodically extended to infinity. Due to wave for the finite array. It should be noted that it is ad-
this, the free-space propagation can be described by a deantageous to include the horn antenna geometry into the
numerable set of space harmonics. In the upper part adesign procedure for a higher degree of freedom to find the
Fig. 1, the space harmonics (plane waves) above cut-ofbptimum efficiency of the circuit.

0-7803-6540-2/01/$10.00 (C) 2001 IEEE



in-phase oscillation can be investigated. In a first step, mea-
%2 1 surements have been performed with a broadband power
splitter for equal excitation of the single antennas to char-
90r ] acterize the hologram independently of the behavior of the
active sources.
88t .
_ A. Broadband power splitter
P
—ggl . Since efficiency is of lower importance for the splitter, it
is designed as a symmetrical four-stage coupler-waveguide-
aal ) network (Fig. 3). In principle, there are six output ports of
power radiated inton=0 equal transmission, i.e. the input signal twice passes along
o = total power both the through- and coupling-pathsf and Sz, resp.)
B i of a single coupler. However, only five of them are used.
Under the assumption of matched porfs; (= 0), ideal

135 140 145 f[]GSI—?z] 155 160 165 directivity (S4; =0 andSs3 = 0), and identical directional
Fig. 2: Calculated combining efficiency of the hologram. CEOO:flirSSZ?; ?gjgagg;’ fg:znr?iizlgg?tslf;ﬁgtvi;?/gg:]i?ﬁeials
were chosen to be equal in length to obtain identical phases
II. BROADBAND BEHAVIOR for these ports. The remaining ports have been terminated
with matched loads.

A hologram for a center frequency of 150 GHz has been With this concept, all output signals are identical with re-
designed consisting of a simple rectangular groove shapgpect to magnitude and phase independently of the single
for the periodic structure. The hologram consists of Tefloncoupler frequency behavioS§; and Ss;) as long as the
(e =2,06). The grooves have a depth of 1.39 mm, a widthcoupler input reflection stays reasonably low and the isola-
of 5.87mm, and are placed on a slab with a thickness ofion high.

2.08 mm. The hologram is located at a distance of 28.1 mm \\e applied ridge-shaped narrow-wall directional cou-

in front of the horn antennas which have an aperture widtkp|ers [3] due to their simple structure. They are suitable
of 17.6mm and a horn length of 33.0mm. The resultingeven at short millimeter-wavelengths, since the coupling re-
power combining efficiency for the infinite array has beengion consists of a ridge waveguide where the ridge width is
calculated to be 92.5%. defined by the waveguide spacing. The coupling behavior

The frequency dependence of the efficiency is shown ins determined by ridge width, ridge height, and coupling
Fig. 2. Assuming a tolerable efficiency of 90 % leads to alength. For 3 dB-coupling at 150 GHz, the ridge has a width
bandwidth of 8 GHz or 5.3 %, respectively. of 0.422 mm, a height of 0.640 mm, and a coupling length

Note, that this simple type of hologram is chosen due toof 8.6 mm, respectively.
manufacturing considerations. The efficiency could be in- Fig. 4 shows the measured output power variation with

creased by introducing a more complex surface. It shoulgespect to the average value of all five ports of the power
be noted that our inter-element spacingZgfA = 9 limits

the performance, since efficiencies up to 99 % with a band-

width larger than 11% can be achieved with rectangular — Port
groove shapes for lower spacinds/. < 7.5) [1]. == A
= -
I1l. M EASUREMENT TECHNIQUES >
@ ® > B
Vector near-field measurements can been performed i | out —= —
the plane where the hologram should be located to verifyF,EIrt ® o D NN
the calculated field distributions of the horn antenna array. — o
In addition, these information can be directly used as in- >
put data for the hologram design, e.g. for arbitrary antenna w D
arrays. ==
To prove the performance of the power combining cir- )
cuit, the field distribution can be measured in a distance of —

some wavelengths behind the hologram. Under operatioRig. 3: Design of a broadband power splitter for measurement
with free running oscillators synchronization and coherentapplications.
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Fig. 4: Measured deviation of the output power.

arraywith hologram. It is obvious that the hologram has

. . I reconstructed the field distribution of a line-source.
splitter. The power variation is lower than0.25 dB within . ! ISTIDUA I .

. . . Similar comparisons have been performed at 145 GHz,
a bandwidth of 10 GHz. The average overall insertion loss, __. . ; ' L
. : : again with good agreement. This confirms the validity of
is 14.2 dB which corresponds to ohmic losses of 2.2 dB. 9 9 9 y

the predicted broadband behavior.

B. Vector field measurement system V. CONCLUSIONS

The measurement of the output pattern of the horn an- o ) o o
tenna array in both cases — with and without hologram — A quasi-optical holographic power combining circuit
was performed by a vector field measurement system whicihich was fed by a broadband power splitter has been
was designed to operate in the frequency range from 148 nalyzed with help of a vector field measurement system.
152 GHz with a dynamic range of 75dB and a phase unthe dielectric hologram has been designed for 150 GHz.

certainty lower than 3 degree. The general setup of the syd-neoretically, it has a maximum efficiency of 92.5% and

tem is shown in Fig. 5 [4]. It uses two receiver channels @ 90 % bandwidth of 5.3 %. Measurements and correspond-

a signal channel mounted on a 3D scanning platform, anéd calculations show excellent agreement.

a spatially fixed reference channel, which is necessary for

relative phase measurements. Fundamental balanced mix-

ers are installed in both receiver channels. The authors would like to thank the Deutsche
Due to the relative movement between the signal and theorschungsgemeinschaft (DFG) for financial support.
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Fig. 6: Magnitude of the electric field of the horn array without Fig. 8: Magnitude of the electric field of the horn array with

hologram (scale in dB). Comparison between measurementsologram (scale in dB). Comparison between measurements
(y > 0) and calculations (¥ 0). (y > 0) and calculations (x 0).
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Fig. 7. Phase of the electric field of the horn array without Fig. 9: Phase of the electric field of the horn array with hologram

hologram (scale in degree). Comparison between measuremen(scale in degree). Comparison between measurementsOjy
(y > 0) and calculations (¥ 0). and calculations (¥ 0).
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