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Abstract—This Paper describes the performance of a compact,
low sidelobe Ka-band slot array antenna developed for the Mars
Science Laboratory (MSL) Terminal Descent Sensor (TDS).

I.

INTRODUCTION

The Mars Science Laboratory is intended to be the first
planetary mission to use precision landing techniques, steering
itself toward the martian surface similar to the way the space
shuttle controls its entry through the Earth’s upper
atmosphere. The spacecraft will descend to a desired location
above the surface of Mars before deploying its parachute for
the final landing. In the final minutes before touchdown, the
spacecraft will activate its parachute and retro rockets before
lowering the rover package to the surface on a tether. A Kaband radar using six slot arrays, each canted at a different
angle is used to illuminate and sense the surface of Mars. The
antenna was designed and qualified at EMS, and is currently
being integrated with the RF electronics at the Jet Propulsion
Laboratory (JPL).
II.

MSL OVERVIEW

resonant cavities which contain series slots feeding into the
fourth layer. Each series slot feeds a resonant cavity in the
fifth layer. Shunt slots in each of the fifth layer cavities make
up the radiating elements. There are a total of 748 radiating
slots. Designs for the waveguide transitions, E-plane bends
and H-plane tees were optimized using Ansofts’ HFSS finite
element code. Series slot resistances and shunt slot
conductances were optimized for minimum across-the-band
VSWR using an EMS circuit analysis code. Slot geometries
were designed using HFSS.
The five array layers are constructed from a sandwich of
five CNC machined plates of aluminum, shown in Fig 7. The
components are machined to 0.0005" tolerance, precisely
pinned together and vacuum brazed. Post machining trims the
arrays to their final aperture shape, removes excess aluminum
from the back sides and provides threaded holes for mounting.
The post machined arrays are cleaned and treated for
corrosion protection. The apertures fit into a 22 cm diameter
circle and are only 1.42 cm thick. The mass of the antenna is
less than 0.3 kg.

The MSL, shown in Fig. 1, is significantly larger and
heavier than the previous Mars rovers, Spirit and Opportunity.
Its mass is over 900 kg and it is the size of a small car. This
large size and mass requires the use of a powered descent, as
shown in Fig. 2. A Terminal Descent Sensor (TDS) Ka-Band
radar using six antennas measures range and range-rate to the
surface to control the horizontal and vertical velocity of the
powered descent. Fig. 3 shows the MSL descent stage and
Ka-band antennas. An illustration of the mounted antennas is
provided in Fig. 4.
III.

ANTENNA DESIGN

The antenna is circular, as shown in Fig. 5 and Fig. 6. A
33 dB circular Taylor amplitude array element excitation was
chosen to meet the sidelobe requirements. The array consists
of two layers of power division feeding twelve subarrays.
These two layers contain a total of 24 reactive, H-plane tee
power dividers. Power is transferred between the layers
through E-plane bends. The final twelve tees feed into twelve
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Figure 1. MSL, on right, dwarfs rovers Spirit and Opportunity

Figure 2. MSL Descent to Mars

Figure 5. Ka-Band Slot Array Apertures
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Figure 3. MSL Descent Stage with TDS Antennas

Figure 6.

Figure 4. Antennas Mounted

Ka-Band Slot Array Feed

Figure 7. Ka-Band Antenna Construction
Figure 9. Measured Pattern

IV.

ANTENNA PERFORMANCE

The antenna frequency range is 0.7% centered at 35.75
GHz. Antenna performance was measured at a nearfield
antenna range at EMS Technologies Defense and Space
Systems. The array has 748 radiating elements with a gain of
35.5 dB. The 3 dB beamwidth is less than 3 degrees. The
worst case return loss, shown in Fig. 8 is better than 20 dB,
and the maximum sidelobe level is less than 26 dB. A
summary of the antenna performance is provided in Table 1,
and typical measured beam patterns are shown in Fig. 9 and
Fig. 10.
TABLE I. ANTENNA PERFORMANCE
Parameter
Bandwidth (GHz)
Minimum Gain (dB)
3 dB Beamwidth (degrees)
Maximum Sidelobe Level (dB)
Minimum Return Loss (dB)
Maximum Group Delay Variation (ns)
spec
S/N 07

S/N 01
S/N 08

S/N 02
S/N 09

Performance
35.625 to 35.875
35.5
3
26
20
0.4

S/N 03
S/N 010

S/N 04

S/N 05

Figure 10. Measured Pattern
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Figure 8. Measured Antenna Return loss
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