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A mm-Wave Frequency-Agile Quadrature
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Abstract—In this work, we proposed a V-band frequency-agile
quadrature receiver for atmospheric radiometry. The frontend
Dicke switch is codesigned with the LNA to obtain a low noise figure and improve the radiometer resolution. Broadband and lowloss mm-wave quadrature signal generation techniques are explored to suppress the image signal by 40 dB and maintain a high
dynamic range. High efficiency frequency multipliers are also
studied to minimize the system power consumption. To enable onchip calibration, the noise performance and long-term reliability
of on-chip PN junctions were evaluated, and a calibration noise
source is coupled to the front-end circuitry. These receiver blocks
were integrated to form a high-performance radiometer, and
the fabricated chip was characterized to evaluate its technology
readiness level. Employing this integrated radiometer frontend
can minimize the risk of space radiometry missions by reducing
the payload size, weight, power consumption and cost (SWaP-C)
and enable economical manufacturing of mm-wave radiometers
for the constellations of Earth-observing CubeSats.
Index Terms—Article submission, IEEE, IEEEtran, journal,
LATEX, paper, template, typesetting.

I. I NTRODUCTION
ICROWAVE remote sensing has uniquely contributed
to the study of atmospheric dynamics and climatology.
These remote sensing observations should be made from space
to collect global-scale data. Spaceborne radiometers were
traditionally hosted on large multi-instrument satellites, but the
challenge of data continuity induced a paradigm shift towards
very small satellites (e.g., CubeSats) in distributed constellations to achieve faster revisit rates. Fig. 1(a) shows a CubeSatbased radiometer, whose benefits are demonstrated by the
recent development of prototypes, including MicroMAS [1],
MiRaTA [2], and RACE [3]. However, most of these designs
use off-the-shelf components with multiple chips/modules. An
integrated frontend can significantly reduce the complexity of
the space-grade packaging.
Atmospheric remote sensing is typically performed at the
resonance frequencies of oxygen and water vapor. Fig. 1(b)
shows a set of weighting functions of a temperature profilemeter, which can extract the atmospheric temperature by
observing the microwave radiations of the atmosphere across
V-band frequency range. The proposed radiometer shown
in Fig. 1(c) is a single sideband receiver, and it consists
of a single-pole double-throw (SPDT) switch, a low-noiseamplifier (LNA), an image-reject (IR) mixer, a frequency
multiplier, and a calibration noise source. This frontend uses
a sliding LO receiver architecture to eliminate the need for
high-power broadband ADCs.
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Fig. 1. a) CubeSat-based atmospheric sensing, b) weighting functions of a
temperature profile-meter, and 3) block diagram of the propose receiver.

II. C IRCUIT D ESIGN
Quantifying and predicting climatological changes in atmospheric temperature is a critical earth science need. However,
these changes are in the order of 0.16 o C/decade, requiring
highly accurate and stable radiometers with low noise figure
(NF). We proposed a co-designed Dicke switch and lownoise amplifier (LNA) in [4] where the switch incorporates
a transformer-based topology and it serves as the LNA input
matching network, reducing the overall loss and NF.
To achieve a high image rejection ratio (IRR) in the mixer,
we implemented a novel broadband low-loss quadrature signal
generation network [5]. This idea is similar to cascading RC
polyphase filters, and it is based on coupled-line couplers.
Several stages can be cascaded to provide broadband balanced
quadrature signals, and each stage has a low loss of 0.5 dB
and improves the IRR by approximately 8 dB. A high IRR
of 40 dB can be achieved without any calibration, tuning, or
trimming [5]. The V-band LO signals were generated by a
two-stage class C push-push frequency quadrupler.
Radiometers must be regularly calibrated with known noise
sources to ensure accurate measurements. In modern radiometers, electronic calibration sources are often integrated into
the receiver, in front of the LNA, to enable frequent insitu calibration. The noise performance and the long-term
reliability of several on-chip PN junctions are studied in [4],
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Fig. 2. Receiver micrograph occupying a die area of 1.8 mm2 .

and in this work, the noise source with highest excess noise
ratio is coupled to the front-end circuitry to enable on-chip
calibration. The long-term reliability of these noise sources
was evaluated, and they were shown to be stable [4].
III. M EASUREMENT R ESULTS
The proposed integrated receiver was fabricated in a commercial 130-nm SiGe BiCMOS platform, as shown in Fig. 2.
This chip occupies a die area of 1.8 mm2 and it consumes a
dc power of 45 mW. The S-parameters were measured using
an Agilent E8361C network analyzer, and a Quinstar WR-15
noise source and an Agilent E4440A spectrum analyzer were
used to measure NF. This NF measurement was performed
independently for the LNA while the device temperature was
set to 300, 150, 78, and 20 K. For conversion gain and IRR
measurements, the RF and LO signals were provided by two
Agilent signal generators (E8257D), and the IF signal was
captured with an Agilent spectrum analyzer (E4440A). The
measurements are performed with an external LO power of
-5 dBm.
The simulated and the measured results are compared in
Fig. 3, where the input port is matched with better than -15 dB
reflection. A minimum NF of 4.5 dB was measured at room
temperature and it decreases significantly as temperature decreases, achieving an average NF of 0.7 dB across 50–58 GHz
at 20 K. The frontend gain is about 22 dB, and a record IRR
of 60 dB is obtained at the desired band. The main difference
between this IR mixer and the one presented in [5] is that the
IF polyphase filter in this design is also drawn with a commoncentroid layout, minimizing phase and amplitude mismatches.
Such a high-performance receiver is a promising solution for
CubeSat-based radiometry systems.
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Fig. 3. Simulation and measurement results.
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