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JPL R&TD Overview
Task Title PI

1. Science with the North 
America Array: Linking Ground 
and Space Astronomy

Geoff 
Bryden

2. Ultra-Wideband Receiver 
Package For The North 
America Array

Jose 
Velazco

3-Year Research and 
Technology Initiative, 
2016-2018
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Ultra-Wideband Receiver Package For The
North America Array 

System Requirements
o Continuous coverage for 8-48 GHz
o Trx < 30 K, based on ngVLA Memo #5

Tsys of 34 K @ 10 GHz and 45 K @ 30 GHz required

o Dual polarization

Design considerations
o Easy to manufacture
o Easy to service
o Compact cryogenic package 
o Low Cost

Assumptions
o Baseline antenna is offset Gregorian (e.g. MeerKAT antenna) 

scaled to 18 m diameter with f/D = 0.55
o Optimize for 10 GHz

Requirements, Considerations, and Assumptions



Ultra-Wideband Receiver Package For The
North America Array 

Ultra-wideband receiving system is 
composed of:
o Quad Ridge Feed Horn 

(QRFH) 
o Low-noise amplifier 
o Down-conversion stage 

 Task plan is to construct and 
test this receiver package

Cryo-cooled

Design



Quad Ridge Feed Horn and Dielectric Rod

• Quad Ridge Feed Horn (QRFH) 
developed by Weinreb’s group, 
optimized for f/D = 0.55.

• Prototype has been successfully 
manufactured by Weinreb’s group 
at Caltech.

Simple tapered Teflon rod was 
modeled to demonstrate 
improvement in QRFH efficiency

Ahmed Soliman, Sander Weinreb, Ahmed Akgiray



Dielectric Rod Study

• Efficiencies for rod diameters of 1.0, 1.5, 2.0 mm calculated
• Efficiency calculations indicate that insertion of dielectric rod will substantially 

improve  feed performance at high end of band
• Results are not sensitive to rod diameter
• Noise added by the rod is bounded by 0.5 K for rod cooled to 20 K

Kildal Efficiency with no dielectric rod
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Wideband LNA Design
Contributors: D. Russell, E. Long, L. Samoska, J. Huleis, and A. Dergevorkian

• Goal:  Develop an 8-48 GHz cryogenic LNA, using 
OMMIC’s D0007IH (70 nm GaAs m-Hemt) 
commercial process 1.

• Three, multi project wafer runs scheduled over 2016-
2018 development cycle. The first of these is in 
fabrication, to be evaluated fall 2016.

• MPW runs contain both wideband MMICs and 
discrete devices for model refinement.

Parameter Requirement

Noise Temperature
8-40 GHz ≤ 12 K

40-48 GHz ≤20 K

Gain ≥ 30 dB

Gain Flatness ≤ 6 dB

Input Match
8-15 GHz ≤ -5 dB

15-48 GHz ≤ -10 dB

Output Match ≤ -10 dB

1    A. Akgiray et al. “Noise Measurements of Discrete HEMT Transistors and Application to Wideband Very Low Noise Amplifiers”, IEEE Trans. Micro. 
Theory Techn, vol 61, no. 9  pp 3285-3297,  Sept. 2013.

Wideband LNA Requirements

Wideband MMIC. 1.5 x 1 mm

LNA Package

5 10 15 20 25 30 35 40 450 50

-15

-10

-5
0

5

10

15

20

25

30

35

-20

40

 

WIDE-BAND MMIC PERFORMANCE. RUN 1

[GHz]

[d
B,

 K
]

Gain

Noise

Input Match

Output Match



8

Noise Budget
Noise (K) @ 8 GHz @ 15 GHz @ 32 GHz @ 48 GHz
Feed 1 2 3 3
Dielectric Rod 1 1 1 1
Window 3 3 3 3
Feed to LNA 1 2 3 3
LNA 12 12 12 20
Post Amplifier 1 2 3 4
Trx 19 21 25 34

Noise (K) @ 8 GHz @ 15 GHz @ 32 GHz @ 48 GHz
Tsky1 5 6 11 38
Spillover2 7 7 7 7
Trx 19 21 25 34
Tsys 31 34 43 79
Notes: Calibration coupler is not currently included.
1 Tsky at 45 degrees elevation, elevation of 2 km, 15% relative humidity from 810-005, “Atmospheric and Environmental Effects”, October 2015
2 Spillover assumes offset Gregorian MeerKAT type geometry.
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Back-up
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JVLA T(Rx)

Robert Hayward, “EVLA Receivers”, July 2012
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