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The first Ka-band downlink demonstration was recently carried out by the Ka- 
Band Link Experiment (KA BLE) in association with the Mars Observer space- 
craft. In order to support the mission, a dichroic plate was required in the DSS-13 
beam waveguide antenna to allow simultaneous X- and Ka-band operation. An 
X-/Ka-/KABLE-band dichroic plate was designed to transmit Ka-band downlink 
(31.8-32.3 GHz), Ka-band uplink (34.2-34.7 GHz), and KABLE (33.6-33.8 GHz) 
frequencies, while reflecting X-band (8.4-8.5 GHz). A computer program was de- 
veloped for the analysis of a dichroic plate with rectangular apertures by using the 
mode-matching method. The plate was then fabricated and tested. The reflection, 
group delay, and noise temperature in the antenna system due to the dichroic plate 
were measured. The experimental results show good agreement with theoretical 
prediction. 

I. Introduction II. X-IKa-IKABLE-Band Dichroic Plate Design 

The DSN has a need for a dichroic plate that will simul- 
taneously receive X- and Ka-bands on a beam waveguide 
antenna where an ultralow-noise receiver is used at  Ka- 
band. The plate is required to pass a circularly polarized 
wave at  (1) the Ka-band downlink (31.8-32.3 GHz) with a 
low insertion loss (as low as 0.04 dB), (2) a high-power Ka- 
band uplink (34.2-34.7 GHz), and (3) the Mars Observer 
spacecraft Ka-Band Link Experiment (KABLE) frequency 
(33.6-33.8 GHz), while a t  the same time reflecting the X- 
band downlink (8.4-8.5 GHz). A thin dichroic plate with 
apertures or patches is not mechanically suitable for these 
requirements; therefore, a thick metallic plate with rect- 
angular apertures was designed and fabricated (Fig. 1). 
Mechanical constraints also require an oblique angle of in- 
cidence, while bandwidth considerations dictate the use of 
a skew grid. 

The X-/Ka-/KABLE-band dichroic plate was designed 
using the thick, frequency-selective surface program based 
on the mode-matching method [I]. The cell size and pat- 
tern (D,, D,, and R), the aperture size (A,, A,), and the 
thickness of the plate ( t )  are adjusted to meet the require- 
ments. The angle of incidence is 0 = 30.0 deg, and 4 = 0.0 
deg (Fig. 2). The aperture wall thickness is limited to a 
0.203-mm (0.008-in.) minimum due to mechanical con- 
straints. The dichroic plate d.esign was optimized with the 
following priority: (1) Ka-band downlink, (2) Ka-band up- 
link, and (3) KABLE frequencies. 

The optimized design of the X-/Ka-/KABLE-band 
dichroic plate employs a rectangular aperture of size 5.080- 
rnrn (0.200-in.) A, by 5.156-mm (0.203-in.) A,, cell size 
of 6.198-mm (0.244-in.) D, by 5.359-mm (0.21 1-in.) D, 
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