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A compact, high-dynamic-range, elec-
tronically tunable vector measurement sys-
tem that operates in the frequency range
from ≈560 to ≈635 GHz has been devel-
oped as a prototype of vector measure-
ment systems that would be suitable for
use in nearly-real-time active submillime-
ter-wave imaging. A judicious choice of in-
termediate frequencies makes it possible
to utilize a significant amount of commer-
cial off-the-shelf communication hardware
in this system to keep its cost relatively low.
The electronic tunability of this system has
been proposed to be utilized in a yet-to-be-
developed imaging system in which a fre-
quency-dispersive lens would be used to
steer transmitted and received beams in
one dimension as a function of frequency.
Then acquisition of a complete image
could be effected by a combination of fre-
quency sweeping for scanning in the afore-
said dimension and mechanical scanning
in the perpendicular dimension. 

As used here, “vector measurement
system” signifies an instrumentation sys-
tem that applies a radio-frequency (RF)
excitation to an object of interest and
measures the resulting amplitude and
phase response, relative to either the ap-
plied excitatory signal or another refer-
ence signal related in a known way to ap-
plied excitatory signal. In the case of
active submillimeter-wave imaging, the
RF excitation would be a submillimeter-
wavelength signal radiated from an an-
tenna aimed at an object of interest, and
the response signal would be a replica of

the RF excitation as modified in ampli-
tude and phase by reflection from or
transmission through the object.

The system is depicted schematically
in the figure. The ultimate sources of the
RF excitation and reference signals and
of local-oscillator (LO) signals for use in
down-conversion of the response signal
are two compact, inexpensive microwave
synthesizers that are electronically tun-
able over the frequency range from 14 to
18 GHz in increments of 250 kHz. The
outputs of both synthesizers are multi-
plied ×6 in frequency. The resulting sig-
nals, having frequencies in the neighbor-
hood of 100 GHz, are amplified ≈20 dB
by a pair of monolithic microwave inte-
grated-circuit (MMIC) amplifiers. Then
one of the amplified signals is further
multiplied ×6 in frequency for use as the
RF excitation signal, while the other is
further multiplied ×3 in frequency for
use as the LO signal in a subharmoni-
cally pumped mixer.

The RF excitation signal is radiated and
made to pass through or reflect from an
object of interest, and the response signal
is mixed with the aforementioned subhar-
monic LO signal to generate a down-con-
verted signal [denoted an intermediate-
frequency (IF) signal in the radio art].
The RF and LO synthesizers are con-
trolled from a laptop computer, which ad-
justs their frequencies to keep the IF con-
stant at 450 MHz. Thus, the RF- and
LO-synthesizer outputs differ in frequency
by 450/36 = 12.5 MHz. 

The phase and amplitude measure-
ments are performed indirectly, on sig-
nals derived from the IF signal, rather
than directly on the RF response signal.
For the purpose of generating a phase
reference signal, portions of the outputs
of the RF and LO synthesizers are
mixed, yielding a 12.5-MHZ signal,
which is then multiplied ×36 in fre-
quency to obtain another 450-MHz sig-
nal. This 450-MHz signal cannot be used
directly as the phase reference signal be-
cause the outputs of the inexpensive mi-
crowave synthesizers have such poor
phase-noise characteristics that this sig-
nal and the 450-MHz IF signal are indis-
tinguishable from the accompanying
phase noise. Therefore, it is necessary to
perform further processing as described
next.

In particular, it is necessary to further ref-
erence both the 450-MHz IF and the 450-
MHz reference signal to a stable source be-
fore detection. This involves
down-converting the raw 450-MHz refer-
ence signal by 12.79 MHz by use of a 12.79-
MHz fundamental crystal oscillator, a
mixer, and a band-pass filter. The resultant
437.21-MHz signal is then mixed with the
450-MHz IF signal. Inasmuch as the phase
noises of the 437.21-MHz signal and the
450-MHz IF signal are totally correlated,
mixing these two signals cancels out that
noise, leaving a 12.79-MHz signal that has
the same amplitude and phase characteris-
tics (minus the synthesizer noise) as does
the 450-MHz IF signal.
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This Vector Measurement System is made from a combination of commercially available and custom components. The complexity of the reference channel
is necessitated by a requirement to cancel phase noise that originates in the microwave synthesizers.



8 NASA Tech Briefs, June 2007

It should be noted that any 450-MHz
signal passing through the 437.21-MHz
band-pass filter would be down-con-
verted along with the 437.21-MHz signal,
resulting in cross-talk and loss of dy-
namic range. It is therefore essential that
the 437.21-MHz band-pass filter have ex-
tremely high rejection at 450 MHz.

The 12.79-MHz signals in the re-
sponse and reference channels are con-
verted to a frequency of ≈66 kHz in a
tracking down-converter, then detected
by a lock-in amplifier that functions as a
variable-bandwidth magnitude and

phase receiver. The bandwidth and gain
are controlled by a laptop computer.
The vector DC outputs of the lock-in am-
plifier are read by an analog data-acqui-
sition card in the computer, wherein
these readings are converted to polar
format. At maximum detection band-
width, real-time acquisition speeds of
>3,000 points per second are possible.

This work was done by Robert Dengler,
Frank Maiwald, and Peter Siegel of Caltech
for NASA’s Jet Propulsion Laboratory. Fur-
ther information is contained in a TSP (see
page 1).
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A modular architecture has been con-
ceived for the design of radiation-monitor-
ing instruments used aboard spacecraft
and in planetary-exploration settings. This
architecture reflects lessons learned from
experience with prior radiation-monitor-
ing instruments. A prototype instrument
that embodies the architecture has been
developed as part of the Mars Advanced
Radiation Acquisition (MARA) project.
The architecture is also applicable on
Earth for radiation-monitoring instru-
ments in research of energetic electrically
charged particles and instruments moni-
toring radiation for purposes of safety, mil-
itary defense, and detection of hidden nu-
clear devices and materials.

Whereas prior such instruments have
contained non-radiation-hardened
parts, an instrument according to this
architecture is made of radiation-hard-
ened/radiation-tolerant parts, enabling
the instrument to resist damage by the
radiation that it is intended to measure.
One of the building blocks in this mod-
ular architecture is a single-channel ra-
diation-detection circuit, which is essen-
tially a detector interface,
signal-processing and measurement cir-
cuit, dedicated to a single radiation de-
tector that provides radiation-event data
to the CPU. The interface between the
single-channel radiation-detection cir-
cuit and the rest of the instrument is a
PC/104 computer-bus interface.
[PC/104 is an industry standard for
compact, stackable modules that are
compatible (in architecture, hardware,
and software) with personal-computer
data and power-bus circuitry.] Multiple
single-channel radiation-detection cir-

cuits can be stacked to create a multiple-
detector instrument.

The present architecture as embodied
in the MARA instrument design offers the
following advantages over the architec-
tures and designs of prior radiation-mon-
itoring systems:

The detector interface circuitry in
prior instruments included voltage-
feedback operational amplifiers, which
do not enable accurate tracking of the
rising edges of incoming pulses and, as
a result, do not enable deterministic
discrimination among different levels
of radiation events. In contrast, the
MARA circuit design provides the capa-

bility to more accurately differentiate
among different types of energetic
charged particles.

Unlike prior designs, the MARA design
provides for correlated double sampling,
which offers the advantage of subtrac-
tion of correlated noise between reset
samples and data samples, thereby re-
ducing spurious offsets and the effects of
low-frequency noise.

Prior designs do not afford enough dy-
namic range to enable detection of both
low- and high-energy events without adjust-
ment by an operator. The MARA design
features 16-bit quantization depth, which
provides sufficient dynamic range to en-
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MARA Instrument Phase I Prototype is shown in two-detector configuration. (Note: CEV is Crewed Ex-
ploration Vehicle.)


