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Letters

A Dual-Polarized Slot Antenna for Millimeter Waves

Y  Ground Plane
Goutam Chattopadhyay and Jonas Zmuidzinas K [ ] ] \
W — -
Abstract—We describe a new dual-polarized slot antenna to be [T T T T ]
used with quasi-optical devices such as superconductor-insulator- .
superconductor (SIS) mixers at millimeter and submillimeter ] lfx ]
wavelengths. The radiation and impedance characteristics of the antenna
were obtained from a moment-method calculation. The antenna has ™7 - .
an excellent radiation pattern, a low impedance, wide bandwidth, and L B lfyz 0 | lfy= 0 —X
low cross polarization. M =]
Index Terms—Slot antennas. B .
Lt ¢ (I WL N NN O
. INTRODUCTION N Ifx ]

has been shown to be a good structure for single polarization -
receivers [1]. We propose a four-slot structure as shown in Fig. 1,
which is basically an extension of the twin-slot design for dual L p d ant uct The four feed point tth )
. . . . 1 roposed antenna structure. e four tee oints are al e centers
polarization. The structure was analyzed using a numerical moment = is pThe horizontal slots are symmetrically ezcit?‘g — 7~ and
. . - . T . =1y,
method analysis technique in the Fourier domain similar to th%t ) ) _
. . . e vertical slots are not exmtet;F =1; =0.
described by Kominamet al. [2]. y fy

The twin-slot antenna on a hyperhemispherical substrate lens = .| Slot
. I

S

set of basis functiongz:, fy:

Il. METHOD OF MOMENTS ANALYSIS
. S S - S
As usual, the substrate lens is treated as a semi-infinite dielectidt. (z, y) = Z [V;Efm‘ (x, y— 5) + Vi o (x,y + 5)] )
slab. This is a very good approximation since, in practice, reflections i

at the lens surface can be largely eliminated by using an antireflecti _ . S - S

coating [3]. We consider the case in which the horizontal slots a%ny(x’y) - Z Vi fyil = = V)T Vyifuil = + 7Y )
excited symmetrically (Fig. 1). The field distribution in the slots can N N _ o
be intutively obtained from symmetry considerations. In particulawhereV;; and V7 are the unknown amplitudes. The electric fields
the field distribution in the vertical slots must be antisymmetrigre Fourier transformed and then multiplied by the admittance kernels
and, therefore, the voltage at the orthogonal ports must vanish. {@eyield the surface currents
d(_eflnez axis to be normal to the antenna plane, _the length and Ta(kr) = ZQaﬁ(kt)Eﬁ(kt)~ 4)
width of the slots as. and W, and the slot separation & We B
also define two vectors on the-y plane k: = (k., k,,0) and . . . . . .
~ s o y PE ! ( Y ) Using the basis functions as testing functions (the Galerkin
Pt = £ x ke = (—ky, ks, 0). The admittance kernel, which relatesmethod) we get the following matrix equations for the amplitudes
the Fourier transforms of the electric fields and surface currents e 9 9 q P
the antenna plane is a tensor under rotations ofstheplane, and “#* "¥¢-

can be written as L= 3 VYl + VaYaly + VYL + VYl )
- 1 ak ek 1 1 J
aplkt) = — || —+ — Jbap— | —+ — |Pa 1 . . - . .
Qap(ke) Zo K 71 + Y2 ) g (kw + lwz)p pﬁ} @ Similar equations for ; andIyii can be derived in the same way.

) ) The admittance matrix elements are obtained from the admittance
where éa is the Kronecker delta functioéas = 1 fora = yernels and the Fourier transforms of the basis functions through the
f andéap = 0 fora # 5 a,f = ¢ Ory), pa is @ component n merical evaluation of the integrals of the form
of the vectorpi, ¥ = w/c is the magnitude of the wave vector in . oo
free-spaceZo = 3779 is the impedance of free-space, ande Vi = _—12 // Qo foie T 5952 (£ e FR9 52V ke, dk,
are the dielectric constants abofe > 0) and below(z < 0) the 7 (2m)? o0 ©)
antenna plane, and the component of the wave vector in the tWOWheref;i is the Fourier transform of.:(z, y) and the(+) denotes

2 _ 2 72 7.2 g i
gﬁg ISIE?:G)S irﬁ(«')s ;hEeSkeIecfrimc ﬁiﬁl’ dvswtir\ tt?]ee C;gtdsl t;r;ﬂg((py;g dido in complex conjugate. We have five such independent elements with
2) ~ . J— N — — — —
¥4t = voo, vt = v, Vi = ot vy = vt and

yy
++ _ v+ v+t vt o —— _ +- _ —-—— _
Manuscript received August 26, 1997; revised November 10, 1997. Yay —+_ Yo" = YW_ =Yy T _Y_fy = Yo - =Y, =
G. Chattopadhyay is with the Department of Electrical Engineering, Cali=Yyz ' - We use entire domain basis (EDB) functions as used by
fornia Institute of Technology, Pasadena, CA 91125 USA. Zmuidzinas and LeDuc [1] for the horizontal slots; for the vertical
J. Zmuidzinas is with the Downs Laboratory of Physics, California Institutglots we use antisymmetric triangular basis functions given by
of Technology, Pasadena, CA 91125 USA.

Publisher Item Identifier S 0018-926X(98)03417-6. An(z;d) =T(5 — xn;d) — T(z + zpo;d) )

0018-926X/98$10.0@1 1998 IEEE



IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 46, NO. 5, MAY 1998 737

175.0 T T .
L =200 um g =118
S =100 pum 1, =500 GHz
125.0
\a./ N
9 N>
[&]
S 750 £
° 7]
(0]
o N
E o)
- e
25.0 c
7]
-25.0 . : :
0.0 0.5 1.0 1.5 2.0
Normalized Frequency (f/ ;) L
1 1 1 " 1 n " 1 " 1 a. 1 1 1
Fig. 2. Antenna impedance as a function of frequency for the cross-slot 1 -0.5 0 0.5 1

antenna on a semi-infinite silicon dielectric substrate.

sin(8) cos(¢)
wheres,, = o= 1,2, d, id = +1, ard Fig. 3. Contour plots of the calculated co-polarized and cross-polarized

T(z, d) is a triangular function extended overd, d). The equations power pattern radiated into the dielectric by the antenna. The solid lines are for
1+ + 9 ] . d .~ the co-polarized power and the dotted lines are for the cross-polarized power.
I and I;; are overlap integrals between the feed currents in th@e gimensions of the slot are the same as in Fig. 2. For the co-polarized

slots and the basis functions. Thlﬁl’i = [I_. = I;.—the feed power, the contours are linearly spaced from 0.5 to 92% of the peak co-polar
current—since the horizontal slots are excited symmetrically—am@wer in increments of 7%; and for the cross-polarized power, the contours

- ; : : : re linearly spaced from 5 to 95% of the peak cross-polar power in increments
I}, =1, = —since the vertical slots are not excited. Inverting th& Y sp 0 P polar p

. . . . . . of 5%. The quantitiesd, ¢ are the usual polar angles with respectto
admittance matrix we will get the impedance matrix as in ([1]) and for ° g ¢ P g P

symmetric excitation, the impedance of each horizontal slot will be

TABLE |
+ 14 —+ ANTENNA RESULTS
- Z xx,0g + Z TxT,g (8) E_p|ane H-plane
" " HWHM 26 >3
Phase-3 dB 0° 2.9

The mode amplitudeE,* andVyf are calculated from the impedance  Power lost to:

matrix and the feed currents in the same manner as in [1]. These model) Cross-polarized field in dielectrie 0.6%
amplitudes allow the electric fields in the slots to be calculated in the 2) Sidelobes in dielectrie= 1.3%

Fourier domain, which are used to obtain the copolarized and cross- Power radiated backward into "ai= 9.9%
polarized radiated fields. For cross-polarization calculations, the third ain beam efficiency for co-pol bearm 88.2%
definition given by Ludwig [4] is used.

IV. CONCLUSION

. RESULTS The cross-slot antenna appears to be an excellent candidate for
millimeter and submillimeter quasi-optical devices. The impedance,
radiation pattern, and bandwidth of the cross slot are very similar to
those of the twin slot. In comparison to the dual-polarized slot-ring

six basis functions of each type (EDB and triangular) are used zﬁqtgn_na [5], the cross slot offers superior radiatio_n cha_ra_cteristi(_:s (the
the analysis. The calculated impedance as a function of frequeﬁ@?'aﬂon pattem of the cross slot is narrower since itis physically
is plotted in Fig. 2, and, in general, is quite similar to the twin-sI(in ger) at the expense of four feed points instead of two.
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We calculated a cross-slot antenna with dimensions 2 m,
S =1 m, =1 m, which is our “standard” geometry for
a 500-GHz antenna on a silicdn = 11. substrate. Typically,



