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Abstract  —  Current satellite ocean altimeters include a nadir-

viewing, co-located 18-37 GHz multi-channel microwave 
radiometer to measure wet-tropospheric path delay.  Due to the 
area of the surface instantaneous fields of view (IFOV) at these 
frequencies, the accuracy of wet path retrievals begins to 
degrade at approximately 40 km from the coasts.  In order to 
meet the needs of the NRC Decadal-Survey recommended 
SWOT mission, higher-frequency microwave channels will need 
to be added to the Jason-1 and Jason-2 radiometers in order to 
improve retrievals of wet-tropospheric delay in coastal areas and 
to increase the potential for over-land retrievals.  

Critical microwave component and receiver technologies are 
under development to reduce the risk, cost, volume, mass, and 
development time for such a high-frequency microwave 
radiometer.  This project focuses on the design and fabrication of 
a prototype system consisting of (1) a low-power, low-mass and 
small-volume direct-detection millimeter-wave radiometer with 
integrated calibration sources covering frequencies from 90 to 
170 GHz that fits within the overall SWOT mission constraints, 
and (2) a multi-frequency feed horn covering the same frequency 
range.  Three key component technologies are under 
development to scale the design of the Advanced Microwave 
Radiometer (AMR) on the OSTM/Jason-2 altimetry mission 
from 18-34 GHz to 90-170 GHz.  They are a PIN-diode switch for 
calibration that can be integrated into the receiver front end, a 
high-Excess Noise Ratio (ENR) noise source and a single, tri-
frequency feed horn.  These new components will be integrated 
into a MMIC-based low-mass, low-power, small-volume 
technology-demonstration radiometer with channels at 92, 130 
and 166 GHz. 

 
Index Terms — Atmospheric measurements, humidity 

measurement, microwave radiometry, monolithic microwave 
and millimeter-wave integrated circuits (MMICs), multichip 
modules (MCMs), remote sensing. 

I. INTRODUCTION 

 Conventional satellite altimeters, including 
TOPEX/Poseidon, Jason-1, Jason-2/Ocean Surface 
Topography Mission (OSTM), Geosat and the Geosat follow-
on (GFO), include a nadir-viewing, 18-37 GHz microwave 
radiometer to measure wet-tropospheric path delay over the 
oceans [1].  However, due to their relatively large 

instantaneous fields of view for practical antenna apertures, 
they have reduced accuracy within approximately 40 km of 
the coasts.  In addition, they do not provide wet path delay 
estimates over land.  In 2007, the NRC Earth Science Decadal 
Survey recommended a Tier-2 mission entitled Surface Water 
and Ocean Topography (SWOT).  The primary objective of 
SWOT is to characterize ocean mesoscale and submesoscale 
processes (on a 10-km scale and larger) in the global oceans, 
for the first time, and to measure the global water storage in 
inland surface water bodies, including rivers, lakes, 
reservoirs, and wetlands.   
 An important new science objective of SWOT is to 
transition satellite radar altimetry into the coastal zone, 
requiring a novel microwave radiometer to provide fine-
spatial resolution wet-tropospheric path delay corrections near 
land.  A viable approach to meet this need is the addition of 
high-frequency microwave window channels (90-170 GHz) to 
the baseline low-frequency channels (18-37 GHz).  For a 
maximum antenna aperture size, the high-frequency 
microwave radiometer channels have inherently finer spatial 
resolution.  In addition, the high-frequency microwave 
channels in the atmospheric transmission windows are 
sensitive to the water-vapor continuum and therefore can be 
used to improve the retrieval of wet-tropospheric path delay 
in coastal regions.  Over the open ocean, low-frequency 
brightness temperatures (TBs) are expected to yield path-delay 
retrieval performance similar to that of current space-based 
altimeters, better than 1 cm RMS [1].  As the radiometer 
approaches land, the low-frequency TBs will be contaminated 
by the coastline, and the high-frequency TBs will be used to 
extrapolate the path delay toward the coast from the last 
uncontaminated ocean pixel.   
 As part of a related mission-concept study, a radiative 
transfer simulator, coupled with a high-resolution Weather 
Research and Forecasting (WRF) model, has been 
implemented to assess retrieval performance and determine 
instrument requirements.  Results of this study indicated that 
the addition of three high-frequency radiometer channels 
centered at 92, 130 and 166 GHz could yield path delay 
retrievals with an RMS error of less than 1 cm to within 3 km 
from the coast, in the acceptable range of errors for SWOT.  
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