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Development of a Receiver Downconverter Module for
Ka-band Satellite Payload
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Abstract

This paper describes the design and the test results of the receiver-downconverter module for a Ka-band
Satellite Payload. The developed module is not only a downconverter that convert the signal of 30.6 GHz~31.0
GHz to the signal of 20.8 GHz~21.2 GHz but also is a receiver that has the function of low noise amplification
in the front stage. It has been fabricated and tested by the qualified satellite component manufacturing process
and it shows the best performance of the receiver-downconverter modules operating at Ka-band frequency up to
date. The module has the performance of 1.9 dB-NF, 55 dB-Gain, and 58 dBc-C/I3 for the two tone signals
of —59 dBm input power respectively at ambient temperature. It is a small and light module with the size of
93 mmx84 mmx26 mm and the weight of 240 g
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Table 1. Performance Requirement of the Ka-
band Receiver-Downconverter.

Parameter Requirement
Operating Frequency 30.6~31.0 GHz(Up Link)
(GHz) 20.8~21.2 GHz(Down Link)
Input Power ~ —57 dBm
Gain 55+1 dB
Gain Flatness 0.6 dB/100 MHz

1.5/400 MHz
Gain Slope 0.02 dB/MHz
Noise Figure 2.3 dB/@65C

0.1 dB/10TC
1 ns P-P/100 MHz
0.2 ns P-P/any channel
2.0°(—-76~ —56 dBm input)

Noise Figure Variation
Group Delay Variation
Group Delay Ripple
Phase Shift Variation

Amplitude Linearity “56 dBe
AM/PM Conversion 0.1°/dB( _.76‘ -56 dBm
input)

-103 dBm/Any 4 kHz
-98 dBm/Any 1 MHz
—128 dBm/Mixer IM Product
-64 dBm Any 4 kHz
-30 dBe/LO 2™ Harmonic
Input VSWR 1.25:1
Output VSWR 1.35:1
Operating Temperature —15~65T

Inband Spurious

Out of band Spurious
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Fig. 1. Block Diagram of the Ka-band Receiver-
Downconverter Module.
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Table 2. Predicted Performance of the Ka-Band Receiver-Downconverter Module.
NF. . OIP 3 Cum. Cum. Cum. Signla IMD

Block @) |% @B ) |NF. (dB)|Gain (dB)|1P3 (dBm)|Level (dBm)|  (dBo) Remark
Input 0 0 -59
Isolator 0.1 - 01 100 0.1 -0.1 100 ~59.1 -318.2 W/G
Transition 0.3 - 03 100 04 -04 96.99 -59.4 -312.78 W/G-M/S
LNA2 1.7 17 10 2.1 16.6 10 -424 -104.8 MMIC
WLNA 2.5 17 13 2.15 33.6 12.83 ~25.4 - 76.46 MMIC
Filter 30G 1 -1 100 2.15 32.6 11.83 ~-26.4 —~ 76.46 MIC
Isolator 0.9 - 09 100 2.15 317 10.93 -273 - 76.46 Drop-in
Mixer 8 -8 20 2.16 23.7 2.85 -35.5 - 7629 MMIC
Isolator 0.8 - 08 100 2.16 22.9 2.05 -36.1 - 76.29 Drop-in
Filter 20G 2 -2 100 2.17 20.9 0.05 -38.1 - 76.29 MIC
GLNA 1.6 17 15 2.18 379 12.89 -21.1 - 67.99 MMIC
Attenuater 14.8 -14.8 20 2.19 23.1 -1.93 -35.9 - 67.93 MMIC
GLNA 1.6 17 15 2.19 40.1 12.02 -18.9 - 61.84 MMIC
DRA 5 16 30 2.19 56.1 25.89 - 29 — 57.58 MMIC
Isolator 0.8 - 08 100 2.19 55.3 25.09 - 3.7 - 57.58 Drop-in
Transition 0.3 - 03 100 2.19 55 24,79 - 4 - 57.58 MS-W/G
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