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The Dielectric-Filled Parabola: Concept and Applications Review

Peter H. Siegel, Robert Dengler, Moonil Kim and Philip Stimson
California Institute of Technology Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California 91109

The dielectric-filled parabola [1] is a thick-substrate-lens-antenna implementation
based on the pioneering work of Rutledge et. al. [e.g. 2]. It was conceived [3] as a simple
means of creating a large f-number beam from a photolithographically fabricated antenna
or modest planar array. In implementation, it consists of a plano-convex dielectric lens
whose curved surface takes the shape of a parabola (y2=4fx) and whose flat surface resides
at the focal point of the lens. In operation, the parabolic surface is metallized and the
receiving or transmitting antenna and associated solid-state driving circuitry are mounted
on a separate dielectric wafer which lies in intimate contact with the flat surface.
[llumination takes place from the front (flat side) and, as in the case of [4], through a small
hole left in the metal at the center of the curved surface. The structure has several features
which make it advantageous for use at millimeter and submillimeter wavelengths including
inherently high f-number, simple-to-apply matching layers, reasonable dielectric path
length, reduced off-axis aberration (compared to an unfilled parabolic mirror) etc.

Since its original conception, the dielectric-filled parabola has been used
successfully to demonstrate the first millimeter-wave superconducting planar heterodyne
array [5], an all-planar millimeter/submillimeter-wave fundamental Schottky diode mixer [6]
and recently a novel quad-bridge multiplier concept [7]. These applications will be reviewed
and several interesting design improvements/modifications will be considered.
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THICK DIPOLE ON A
DIELECTRIC-FILLED PARABOLA
FREQ. = 8-12 GHz

BOW-TIE ANTENNA ON A
DIELECTRIC-FILLED PARABOLA
FREQ. = 8-12 GHz

THIN DIPOLE ON A
DIELECTRIC-FILLED PARABOLA
FREQ. = 4-6 GHz

LOG-SPIRAL ANTENNA ON A
DIELECTRIC-FILLED PARABOLA
FREQ. = 4-12 GHz

SELF-COMP. AND THINNED LOG-PER. ANTENNA
ON A DIELECTRIC-FILLED PARABOLA
FREQ. = 4:12 GHz
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Fig. 4: A comparison of the calculated (dashed) and measured (solid) field
strength along the surface of a dielectric-filled parabola with a thin dipole

antenna at the focal point at 10 GHz. The calculations are based on data
published in [19]. The measurements were made with a dipole probe placed in
intimate contact with the 1lens surface. The excessive ripple is due to

reflections off the air-dielectric interface.
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Planar Array Recelver
Exploded Schematic

ﬁ Incoming RF
1 1 l

Quartz Wafer

Antennas and SIS Junctions

Coplanar—Striplines

Dielectric Filled
Parabola

Quartz Cone

\Horn

H Incoming LO
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Current (mA)

JUNCTION UNIFORMITY

0.10 L T T T 1 ] 1 1 T T ] T ] 1 1 T ] i T 1 1 1 1 1 T ] T T A
0.05 [
-0.00 |
- ]
~0.05 [ :
-0'10_.6' 11 1_! [ . 1-l N N 10 [ 1211 [ENEN I N N S N | l6
Voltage (mV)
Element R, Teak Elt. Rank

1 8702 6 LA 5

2 860 8uA 6

3 710 16 uA 1

4 57Q 19 uA 10

5 81Q 4 pA 8

6 86 N 6 LA 2

7 4Q 9pA 7

8 90 Q2 TrA 9

9 750 10 pA 3

10 810 TrA 4

PAS 4-16-1992
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Twin-Slot Antenna on a Silicon DFP: RF Beam Patterns
Measurement Frequency: 190GHz
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Twin-Siot Antenna on a Silicon DFP: Mixer Performance

Diode Parameters: Rs=25 Ohms, Is=8e-15 A, n=1.23, phi=.9V, Cj0 (nominal)=3.5 fFd
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Double-slot antenna multiplier

1

!

Receiving
antenna

Circuit layout

Fo oA Fo( ot
Input Output
matching matching
circuits circuits
-0 , I @ E
Transmitting
antenna

600/1200 GHz doubler performance prediction

\

Input power level Diode size Expected output power
500 uW 0.5um x lum 100 uW
2 mW 0.5um x 3um 600 uW
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10/20 GHz Mixer Diode
Scaled Model Measurement Results

Setup

A

output homn and lens ®F

power meter

—

gsignal generator

8-inch quartz DFP
(2-ich focal length)

QL
" polatizer grid
k— 7 inches —j¢—— 11 inches ——

Results

input horn and lens

204

-25 1

Converison loss (dB)
$ .
Converison loss (dB)

Normalized power (dB)
8

-30 T T T T T 30 T T T T
8.0 8.5 9.0 9.5 5 0 5 10 15

Input frequency (GHz) Input power (dBm)

40 T T T T T
20 30 20 -0 0 10 20 30

grid rotation angle (degrees)

_/
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