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Millimeter-Wave Holographic
Power Splitting/Combining
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Abstract—t is shown that holography offers a novel solution to Outgoing
the problem of millimeter-wave power splitting and combining. Hologram Wave
With the help of an approximate model, we demonstrate that a Incident \ z
hologram will work as a beam-splitting element, provided that it Wave ~__
records the holographic image of the beams to be generated. To
verify this observation, a beam splitter consisting of a hologram i E>
and an antenna array is analyzed by means of a rigorous Ez
network model. This analysis serves to find the optimum structure
of the beam splitter. Measurements on a realized prototype
of the beam splitter prove the possibility of achieving a high v
splitting efficiency, a high inter-element isolation, and a relatively Y=y,
large bandwidth. Flexibility in the orientation and the number
of outputs is another outstanding feature of this holographic

approach. E (x,y,)—5 h(x) 9%% h,(x) §>EZ(X,y2)

Index Terms—Holographic power dividers/combiners, holo-
graphic recording, millimeter-wave power dividers/combiners, T(x)
millimeter-wave technology.

Fig. 1. Wavefront transformation with a hologram.
[. INTRODUCTION

SINGLE solid-state source for millimeter waves mighPining) by means of holography [10]. In this method, power
hardly meet the requirements concerning the power levalitting is performed by @omputer-generatedologram stor-

in many practical systems. This supports the idea of multRg holographic images of a given number of electromagnetic
element configurations for the purpose of power combiningeams. lllumination of this hologram with an appropriate
The existing methods of power Combining are assigned lﬁput beam reconstructs the stored images COherently. In other
two categoriesresonantand nonresonanipproaches [1]. In words, the introduced holographic method offers an elegant
resonant methods, the sources coherently inject their energi@y for splitting a beam into a set of coherent beams and vice
into an eigenmode of a shielded [2], [3] or an open resonatégrsa. Furthermore, since the recorded beams can arbitrarily
[4]-[6] while nonresonant methods are mainly based on spatR@ oriented in the hologram, the spacing between them may
combining of the energy radiated by an array of mutualiye chosen large enough to avoid the aforementioned problem
locked oscillators [7]-[9]. To avoid mode competition in théf miniaturization.
former method and grating lobes in the latter method, the sin-This paper reports on the operation principles, design,
gle sources should be arranged within a spacing dictated by &l implementation of a millimeter-wave holographic power
wavelength. (The distance between neighboring devices shoSiditter/combiner. Firstly, with the aid of an approximate
typically be equal to or less than half a wavelength.) Therefolélear-system model, we discuss the operation principle of the
at millimeter-wave frequencieS, this requires a geometricalﬁpwer Splitterlcombiner in Section Il. Section Il is devoted
small inter-element spacing or, rather, circuit miniaturizatio© @ rigorous analysis of a power splitter/combiner constituted
However, regarding the fact that solid-state millimeter-waJ®y a phase grating and a horn array. Implementation of the
sources usua”y possess a low power efﬁciency7 the individdggwer Splitterlcombiner along with the measurement results is
sources should be equipped with heat sinks, which are as laggscribed in Section IV.
as several wavelengths, so that electrical and thermal demands
are normally in contradiction. I

To overcome these shortcomings and to allow sufficient . ] i ] ]
geometrical spacing between the output (input) ports, we havel NiS section deals with a simple optical model which

recently introduced a novel approach to power splitting (corRfovides an insight into the process of holographic beam
splitting. To begin, consider the arrangement of Fig. 1, which
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wavefront, the modulation performed by a hologram relat®&ased on (3), #inear space-invariansystem with the impulse
to an interference pattern recorded in it, which renders thesponse:;(x) models the paraxial propagation of the input
following distinguishing feature to this modulation. Assume&vave from they = 4, plane to they = 0 plane. This has been
that the recorded pattern is formed by two or more interferirghown in the block diagram of Fig. 1. It is worth mentioning
wavefronts, and that it is stored in the transparency of thieat (3) might be interpreted as another expression for the
hologram in a way to be explained later. In the case thBtesnel-Kirchhoff diffraction formula [15] in a form suitable
the input wave coincides with one of these waves, the waf@ a linear-system representation. As previously mentioned,
leaving the hologram carries information about the other onashologram spatially modulates the wave incident on it. In
[11]-[13]. That is to say, the modulated wave can have sorfiég. 1, this effect is modeled by a multiplier. The function
predetermined properties provided that the hologram recoffi&z) in this model represents the amplitudensparency
theright image. Let us see in a more quantitative manner hooi the hologram at pointz, so the field just behind it is
this image should look. obtained from the product(z)FE(x,0). If this field also
Looking at Fig. 1, suppose that the input wave is known isatisfies the conditions of paraxiality, one is allowed to model
planey = ¥, and that it should be transformed into a desireits propagation fromy = 0 to ¥ = . with another linear
wave at planey = 1. To formulate this process, we are tospace-invariant system. The impulse response of this system,
follow the propagation of the input wave from plage= y;  hs(z), can be derived from (4) after replacing by y.. This
to planey = .. For the sake of simplicity, it is assumed thatompletes the development of the required linear system for
both the structure and the excitation arénvariant, and that modeling the transformation done by the hologram.
the input wave isz-polarized. Now we formulate the problem of beam splitting by finding
In the Cartesian coordinate system with= (z,y), the arealizable functiof’(x) for the transparency of the hologram
input wave can be considered as the superposition of a finéte that a given input beant’,(x,y;) will be transformed
or infinite number of plane waves (or space harmonics) [1#jto a number of desired beams through the diffraction at the

according to hologram.
1 e ' Referring to the main characteristic of a hologram discussed
E.(z,y) = — / E.(ky)e %7 dk, (1) at the beginning of this section, we expect that the solution to
27 oo the above problem must be related to the interference pattern

wherek = k,% + k,¥ determines the propagation directiorof the input and the desired beams. More precisely, since
of the plane wavee=7¥T, the amplitude of which is the beams to be generated spedify(z,y2) in the model of
E.(k.)dk./2r. Since these plane waves should satisfljig. 1, the needed functiofi(z) should satisfy

Maxwell’s equations, eithek, or k, may vary independently,

while the other one is obtained from the relatiofv+£2 = k2 ha(a) * (T(x) - (ha(2) * E=(2,91))) = Ex(2,92)  (5)

(with &, as the free-space propagation constant). KnOWIr\1/9nich is an integral equation for the only unknowl(z).

ranstormation along with ihe Sommerteid radiaton concitoCWeVer: the ransparency function evaluated in this way is
ng ~ . not always realizable. Even so, the solution of (5) does not
to (1), we can uniquely evaluatg, (k,), i.e., the plane-wave

] tial-fr n trum of the inout wave. once t ri\ecessarily lead to a lossless beam splitter. As a matter of fact,
(or spatial-frequency) spectrum of the input wave. Once '}3 synthesize a beam splitter of the highest possible efficiency,

spectrum is known, the process of wave propagation will l?ﬁe magnitude off(z) should be unity since the systems

completely described by (1). . I
When the input wave has a paraxial propagation along { 8rrespond|ng tdv; (z) and ho(x) are lossless. This justifies

-axis, its spatial-frequency spectrum is mainl concentratede necessity of a phase hologram for efficient beam splitting.
Y ' P quency sp . y ..~ Another constraint on the functio®(z) is again derived
aroundk, = 0, and relation (1) takes a simple form. This i

) $rom a case of practical interest, namely generation of a set of
due to the fact that fofk.;| < k., ky may be approximated by equidistant identical output beams from a uniform input beam.
1 uch a set of beams requires the periodicity ®f(x, y2).

k2 2 Such f b i h iodicity I
2k, ) Hence, we deduce from (5) that the functi6tw) should also
ituting (2) | 1 ina the field in the ol 2 periodic with the same period as thatlbzf(a:,_yQ).“
substituting (2) into (1) and expressing the field in t epaneB On the other hand, to guarantee the realizability of the

the hologram¥, (x, 0) in terms of the known field distributionf nction T(z) the desi q be based on th
E.(z,y.), we obtain, after some straightforward steps, thé: _ x) the design procedure can be based on the syn-
following: thesis of a physu:al_ structure. To_ tha_t end, a dielectric grating

seems to be an optimum choice in view of its lossless transfer
E.(x,0) :/+Oo characteristic and the possibility to implement a periodic phase

—E. (%' r_ E. . . h .
ha(w =2 ) B ) de’ = ha ()« Belzoy) o ation, Thus, the next section is devoted to a rigorous

ky ~ k, —

B (3) analysis of a holographic beam splitter/combiner consisting of
) a dielectric grating.
with
ho(z) = J o—Iholurl e—jmz/kolyll’ ko = 2m Ill. RIGOROUS FORMULATION
Aoly| Ao Fig. 2 illustrates the structure to be investigated. This two-

(4) dimensional (2-D) arrangement involves a horn array for
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Fig. 2. A dielectric phase grating along with a horn array for collectingrig. 3. Network model for a binary phase grating.

the output beams. An equivalent network of this structure is also seen in this

figure. The arrows show the propagation direction of various space harmonics. . . .
Each transmission line in the equivalent network corresponds to one of theThe multiport netWOkaNArray and NGrating in Fig. 2

space harmonics. model the horn array and the grating, respectively. In the
following subsections, we will investigate these networks in

generation/collection of a number of electromagnetic beanf8ore detail.

and B, a dielectric periodic structure operating as a phase

hologram. Our goal is to find an optimum design for the gratiny. Hologram

so that the energy of a plane wave normal to the grating is|n order to develop a network model for the hologram, we
entirely collected by the horn array in a manner that all of thgllow the approach proposed in [16]. The main steps of this
horn antennas receive the same amount of power. method have been summarized in what follows.

The periodic structure in Fig. 2 is a surface-relief grating Note that by approximating the groove shape of a surface-
with a simple mechanical construction in which the opticaklief hologram with a staircase function, the hologram may
length and, consequently, the spatial phase shift varies @simagined as a stack of dielectric periodic structures having
a function of groove height. In this case, the informatiopectangular profiles. Thus, we first describe the network model
recorded in the grating can be envisioned as the positidar the rectangular periodic structure depicted in Fig. 3.
dependent phase shift caused by varying groove height. Thenside region® of Fig. 3, which we will call the periodic
same effect will be achieved if the refractive index of th%gion, the relative permittivity varies periodically. As a con-

dielectric grating changes from point to point. sequence, we may uniquely expand the relative permittivity
To suffice the constraints explained in the last section, te¢ this region as

period of the grating and that of the horn array are assumed N
equal. This period is predetermined and can amount to several en(z) = lim Z ¢ —imwe/L (6)
wavelengths to allow for a large physical spacing among the ' N—oo "
array ports.

The analysis of the structure in Fig. 2 can be reduced
the analysis of an equivalent network when a plane wa
E)écgisp;?]ldsegomlt%u;atlsc;l:. (ie;gl;sée vavgzeg;ntir:tl ;s);cljﬁtpl)(t)ignt total field (i.e., the sum of the scattered and the incident

plane-wave excitation does not restrict the generality of thfii§ d)_Wi”. be pseudo-pt_erioQic. Thus, for th? assumed ipcident
polarization, the total field is @M. wave with the following

n=—N

9 account for dielectric losses, complex values are assigned to
the functione,(x). On the other hand, if the grating is excited
the plane waveEje=i *==+kv) with k, = —\/kZ — k2,

approach. X
As far as the plane-wave excitation of the grating is corﬁ"fmgent""1I components:
cerned, all the components of the scattered field can be N ,
regarded as being pseudo-periodic functib&nce the set of E(wy) = lim > Ez (y)e ™ (7
all space harmonics representing a pseudo-periodic function n=-N
is denumerable, one could utilize an equivalent network of N h
discrete transmission lines (like that seen in Fig. 2) to simulate Ho(w,y) = lim > Hx, (y)e 9" (8
the propagation of these space harmonics. n=-N
1A function f(x) is called pseudo-periodic if there are somenda for where oy, = kg + 2nmx/L. Substitution of (6)—(8) in

which f(x + L) = e~k f(a). Maxwell's equations leads to the succeeding matrix relation



SHAHABADI AND SCHUNEMANN: MILLIMETER-WAVE HOLOGRAPHIC POWER SPLITTING/COMBINING 2319

- n=-1 n=0 n=+1 -+ region®. TheTE, modes inside the waveguide, i.e., in region
Y, Y, Y, @, contribute to the following tangential field components in
. L , the planey = yo:
¥ T LA [ A T I i 12
. . m(r +a/2
B.n) = Jim >+ bsin (RS ag)
k=1
K
o . (kn(z+a/2)
NARRAY H.(yo) = I}E}éo;yk(ak - bk)Sln<T (13)
wherea;, and by, represent the amplitude of the incident and
alw ‘Nbl azﬁf ;“bz aaﬁ? ;Nbs reflected TE, ¢ mode in they = gy, plane, respectively.
i FR Ly Y, Y, AN Yi = ky, [noko With 1, = \/pio /e, and k], = k2 — (kw/a)?
EF'»—X TE TE IE is the admittance of th&8'E; o mode.
a 10 20 30 Inside the sectoral horn, thie. -field component is expanded
k=l k=2 k=3 e in terms of the Hankel functions of the first and second kind as
Fig. 4. Network model for the horn array. B - Z (AVHI(,Q)(/%T) n BVH,El)(koT))
for the unknown coefficients of (7) and (8): 3
J 0 ®) X sin(l/(<p + @, — g)) (14)
—|E = —jwp. |H 9 )
dy[ Z”(y)] JOH [ X”(y)] © with v = mn/2¢,, m = 1,2,---,M — oo. A, and B,
d . 2 are the unknown expansion coefficients to be determined. One
a [Hx, (y)] = —jwe [N [Ez, (y)] (10) may obtain the field componentd,. and H,, from (14) and
. Maxwell's equations, i.e.,
with
1 18
- . R Hy == s (15)
(eo - k__?,) €_1 €_2 leli(g ¥
2_ ... ¢ ;o % ¢ H,= —E.. 16
[N]" = €1 (60 kg) €_1 ¢~ Jopo Or (16)
€2 €1 (go - (z_gl) The above field components are projected into the plane
1 = 1o to yield the tangential magnetic field:
(11) 37 Yo
H, - H, (7

H, ’ = 7
andk, = w./li,6,. As can be implied from (9) and (10), the (@ %0) Vaz+yd Vaz+yd

coefficients of the space harmonics obey the laws of propa%ah—ppose that the incident wavies;] are given. Equating (12)

tion along a multiconductor transmission line(i€;_, Hx, ) - .
is considered as the voltage—current pair of #ltle transmis- Fo (14) and (13) to (17) fofr| < a/2 andy = yo, we find two

sion line. In the periodic region, these transmission lines ipfinite systems of equations for the three unknown vectors

mutually coupled on account of the nondiagonal elements f“_}_’ [A,,]t,hanc_i [f”.l' i f i be obtained
[V]?; while in a homogeneous region, like regigd,®), or Wo other infinite systems of equations may be obtaine

. - A .. from the boundary conditions in the plage= 4,4 L}, i.e., in
2
Ii%gfaig.is:i;lg]{: dmfarl grla{]\er]aclt? glt?]%(:nal, and the transmlssmnthe aperture of the horn array. To that end, (14) and (17)—after

If the matrix [N]? is diagonalized (i.e., if one finds a'eplacingy = yo by y = yo + Lp—are used to specify the

diagonal matrix]D] and a similarity transformatiofi’] such ta:gger;]tlaloflletlg comp(t)nents ml tfhe pla?(i; y0t+ Lo tonl ;'h?d .
that[V]? = [P][D][P]~}), the transmission lines representing‘f er hand, ) ebmosthgenerat orm Od € tangential field In
the periodic region will also be decoupled. Fig. 3 demonstrateed " @© Just above the aperture reads

the equivalent network of the hologram in its final form. N '

Here the diagonalization procedure has been modeled by&-(vo + Lz) IA}gn Z (a;—l—b;)e—nnm/L (18)

transformers7; and 7, which correspond t¢F] and [P]~1, i

respectively. Not to mention that the network model of any N ,

arbitrary surface-relief grating can be obtained by cascadingf«(yo +Ln) = lim_ > Yi(al, = b )e 2 (19)

the equivalent networks of the various layers appearing in the n=-N

staircase approximation of the groove shape. whered/, and¥/, denote the amplitude of theth outgoing and
incoming space harmonic, respectively. The admitta¥jtés

B. Horn Array given by \/k2 — (2nx/L)2 /n,k, and equals the characteristic

Fig. 4 illustrates a single period of the horn array as well aggimittance of the transmission line corresponding tosttie
multlport network d.eSCI’IbIng the _energy exchange betweer'] th_eTo equate these equations, we equate their moments with respect to an
eigenmodes of the input waveguide and the space harmonicsgdpropriate set of weighting functions defined [ah < a/2.
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Fig. 5. Power-splitting efficiency for a rectangular grating as a function of

the normalized period. Optimum grating distance and horn length are aﬁﬁmd that the optimum groove shape tends to be rectanqular

seen in this diagram. . P 9 P L . 9 '
Typical values of the achieved power-splitting efficiency for a
rectangular groove shape are shown in Fig. 5. As can be seen,

space harmonic. By matching (18) and (19) to the aperture fielik achieved efficiencies are higher than 97%, even for an

of the horn, one arrives at the two needed infinite systemsiafer-element spacing of several wavelengths, which is a proof

equations for{A,], [B,], [a},], and [b,]. for the scalability of this method up to very high frequencies

After elimination of[A4,] and[B,] in the above four infinite of millimeter and submillimeter waves.
systems of equations, the complete description of the network

Narray shows the following form: IV. |MPLEMENTATION AND MEASUREMENTS
l[ae]\ _ (A B\ (la] (20) The introduced holographic approach has been implemented
br] /]~ \C DJ\[b,] /)" at 24 GHz in parallel-plate waveguide technique in accordance

with the arrangement of Fig. 6. It consists of a dielectric

Fhase grating as a hologram, a horn array for collecting

) . fi output beams, and a setup to generate a readout beam

In region ®. . o . for reading the images recorded in the hologram. Owing
Since the submatrices!, B, C, andD have infinite di- to, the propagation properties of the fundamental mode in a

mensmtnf_, th% tihould beﬂ'[]run((:jated pré‘?tf to any numde”%rallel—plate waveguide, the configuration of Fig. 6 exhibits
computation. Is stage, the edge conditionsiiet yo an the required characteristics for realizing the 2-D structure of

y = yo + Ly, dictate the allowablé//K and N/M ratios in Fig. 2.

the truncated versions of (12)-(19). The hologram has been designed with the help of the method
discussed in the last section. Its period and, consequently,
the spacing between adjacent outputs amounts to 80 mm
In order to design a phase grating that efficiently transfornjs- 6.4,). It possesses a rectangular groove shape of 4.7-mm
a normal incident plane wave into an array of electromagnetieight, and is made out of Teflon, which shows relatively
beams, we investigate the reciprocal case. In other wortsy losses at millimeter-wave frequencies. An ordinary milling
we excite the antennas of Fig. 2 uniformly, and attempt toachine has been utilized for fabricating the hologram.
maximize the power of the zeroth space harmonic. (Note thatTo characterize the combination of the hologram and the
the zeroth space harmonic corresponds to a plane wave leaviogn array, we have measured the input scattering parameter
the phase grating perpendicularly.) Thus, for a computer-aidgd; | for the center horn. (This measurement has been done in
design (CAD) of the beam splitter, we choose the energy thfe absence of the reflector and the aperture stop to minimize
this space harmonic as object function. Later, in an iteratitke unwanted reflections.) In fact, the scattering parameter
trial-and-error procedure, the parameters of the grating df ;| contains information not only about the diffraction at
varied according to an optimization strategy, until the energlge grating, but also about the scattering centers of the horn,
of the zeroth space harmonic is maximized. Application of tHie its edges. Therefore, a comparison between the measured
equivalent network of the last two subsections facilitates tknd simulatedS;;| represents a valuable verification for the
above design process considerably. numerical simulation of Section Ill. The reflectidf;;| and
Regarding the fact that the spacing between the input pottte mutual coupling between two neighboring holji$s; |
(i.e., the period of the structure in Fig. 2) is predeterminedheasured with an HP 8510C network analyzer are seen in
the optimum design of the beam splitter should be attain&iys. 7 and 8, respectively. These results not only verify our
by varying the groove shape and the position of the phasemputation (dot—dashed curves), but also indicate a return
grating as well as the length of the horn antennas. It has bdess of better than 15 dB and an isolation of higher than 25 dB

This is a chain o ABCD matrix representation for linking the
eigenmodes of the input waveguide with the space harmon

C. Design Procedure
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over a bandwidth of more than 15%. The slight deviation of the Position in Meters

measured values from the simulated ones is probably caused10. Nearly Gaussian beam reflected from the reflector. Measured (—)
by the ohmic losses on the walls of the horn antennas. TH! computed ).
simulated electric-field distribution inside the beam splitter for

the case where only the center horn is excited is shown py the method of moments are seen in Fig. 11. It should be
Fig. 9. noted that the applied procedure of beam equalizing is not an
To generate a beam for reconstruction of the stored imagsificient one and shows an efficiency of only 70%. For a more
in the hologram, the setup of Fig. 6 involves a feed horefficient beam equalization, one can use lens-like refractive
an offset reflector, and an aperture stop. The offset reflecgmponents [17], improve the feed system of the reflector, or
having a length ofi8), is illuminated by the feed horn andmodify the shape of the reflector [18].
provides a nearly Gaussian beam as shown in Fig. 10. ThisFig. 12 depicts the measured field intensity in the aperture
figure illustrates the measured field intensity at the positiasi the horn array when the horn array is removed. It can clearly
of the aperture stop when this and the other components Beeseen that the hologram has recovered the recorded beams.
absent. The field intensity evaluated by using the method Nbte the excellent agreement between the measured values
moments is also shown in Fig. 10. and those computed by the method of Section lll. See Fig. 13
For an equi-power reconstruction of the recorded imagder the simulated electric-field distribution in response to a
the hologram should be excited with a uniform (flat-top) beanGaussian input beam. Three reconstructed beams and some
In Fig. 6, thel8)o-wide aperture stop passes a portion of thiigher diffraction orders are readily recognized in this figure.
Gaussian beam and flattens the field profile. The transmission characteristic between the feed horn and
The normalized field intensity measured in a short distaneach output horn has been measured using an HP 8510C
behind the aperture stop as well as the simulation of the stogtwork analyzer. The result seen in Fig. 14 shows an overall
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Fig. 12. Reconstruction of the three beams stored in the hologram. Measufé 14.  Overall transmission characteristic for each output.
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transmission of-8 + 0.5 dB for all outputs. Owing to the As mentioned in Section I.I’ the problem to be solved by
the method of this paper is concerned with a wavefront

limited gfflClency .Of the beam-equalizing stop and regard'q‘%‘a{psformation within the domain of Fresnel diffraction or
the ohmic losses in the parallel-plate waveguide, the measured ; ) i . . .
uivalently in the near-field zone of a diffraction grating.

power of the beam incident on the hologram is about 50% :
of the total input power, so an overall transmission -c8 e problem of wavefront transformation can also be posed
' for the far field. In this case, an incident wavefront should

. 0 I
*+ 0.5 dB indicates that 93% of the power incident on th transformed to a defined wavefront at infinity. This prob-

hologram has been received by the output horns. In the c S

where the hologram is removed, the power received by {em has gained attention in optics. To our knowledge, the

array diminishes to only 25%. early works by Lohmann [19] on the subject of wavefront

The ripples observed in the frequency response of Fig. ﬁcon?rt]ructltont_ n thg tfa}r_flilhd fjonelof a lc;ma;rytr?ologra;nl
are caused by multiple reflections between the reflector aﬁgre eh.s ar '?g FOIIn ort ? eveltpp:m_en oro zeor uszelu
the aperture stop, and will vanish by replacing the stop with ographic optical elements for multiple imaging [20], [21]

matched refractive beam equalizer like that proposed in [1 _nd beam_ad(lziition. [22], [23]. The basic element in all qf
these applications is a computer-generated hologram which

transforms an incident plane wave into a number of equi-power
space harmonics—known as Dammann grating. Evidently, a
A method comparable with the method of this paper Bammann grating can be exploited as a beam splitter only in
wavefront transformation by means of Fraunhofer holograntbe far-field region. However, due to the fact that the period of
In this section, we intend to point out the main differences Dammann grating amounts to several wavelengths, at typical
between these two approaches. millimeter-wave frequencies the far-field region of this grating

V. COMPARISON WITH FRAUNHOFER HOLOGRAMS
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exceeds several meters, so the above method is not practicgdile D. Gabor, “Holography, 1948-1971Froc. IEEE vol. 60, pp. 655-668,

illi iti i i June 1972.
for millimeter waves unless additional optical components i 2] J. W. Goodman, “An introduction to the principles and applications of

Fourier transform lenses are added tc_J its configuration [24]. holography,”Proc. IEEE vol. 59, pp. 1292-1304, Sept. 1971.
In contrast to that, the method of this paper excludes ai#y8] H. M. Smith, Principles of Holography 2nd ed. New York: Wiley,

i intai 1975.
additional component and, therefore, maintains a very IO[\11\14] R. F. Harrington,Time-Harmonic Electromagnetic FieldsNew York:

splitting/combining loss. McGraw-Hill, 1961 ch. 4.
Another notable advantage of a Fresnel beam-splitting holid5] M. Born and E. Wolf, Principles of Optics 6th ed. New York:

. . . . Pergamon, 1983.
gram over its Fraunhofer counterpart is a higher aCh'evatf!L%] M. Shahabadi, K. Sdmemann, and H.-G. Unger, “Modeling of diffrac-

bandwidth. This may be justified by the reason that the tion at dielectric biperiodic objects using an equivalent networkPig.

propagation directions of the space harmonics produced by a igg‘S'”;b ng;- g‘;gafed Millimeter WaveOrlando, FL, Dec. 11-14,

Da_mm.ann grating ObViOUS!y d?pend on the working frequengyyz; 3. Kreuzer, “Coherent light optical system yielding an output beam
which influences the coupling into the output ports and renders of desired intensity distribution at a desired equiphase surface,” U.S.

issi isti - Patent 3476463, Nov. 1969.
the transmission characteristic narrow-band. [18] D.-W. Duan and Y. Rahmat-Samii, “A generalized diffraction synthe-

Finally, note that the number of input/output ports for @ ~ sis technique for high performance reflector antenn#SEE Trans.
Dammann grating cannot be changed without redesigning the Antennas Propagatvol. 43, pp. 27-40, Jan. 1995.

. . . . [19] A. W. Lohmann and D. P. Paris, “Binary Fraunhofer holograms,
grating, whereas this number in the introduced method 3 generated by computer®ppl. Opt, vol. 6, pp. 1739-1748, Oct. 1967.

determined only by the number of periods. [20] S. Lu, “Generating multiple images for integrated circuits by Fourier-
transform holograms,Proc. IEEE vol. 56, pp. 116-117, Jan. 1968.
[21] H. Dammann and K. Grtler, “High-efficiency in-line multiple imaging

by means of multiple phase hologramQpt. Commun.vol. 3, pp.
VI. CoNCLUSION 312-315, July 1971.

A holographic power splitter/combiner has been present&#! J- R. Leger, G. J. Swanson, and W. B. Veldkamp, “Coherent beam
in this paper. It is capable of becoming a favorite candidate addition of GaflAs lasers by binary phase gratinggpl. Phys. Let.
paper. p g vol. 48, pp. 888-890, Apr. 1986.

for millimeter and submillimeter-wave applications because @3] J. R. Leger, G. J. Swanson, and W. B. Veldkamp, “Coherent laser ad-
its high efficiency, broad-band character, high isolation, and g‘g?”llgggg binary phase gratingsXppl. Opt, vol. 26, pp. 4391-4399,
flexibility in both orientation and number of outputs. [24] J. A. Murphy, S. Withington, and M. Heanue, “Local oscillator splitting
using Dammann phase gratings,” presented at3iteInt. Workshop
Terahertz Electron.Zermatt, Switzerland, Aug. 31-Sept. 1, 1995.
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