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Abstract

Architecture, design, assembly and performance data of a 38 GHz radiometer are presented in this article. The
radiometer is intended to serve as a demonstrator in microwave system education and as a platform to demon-
strate novel RF structures and design techniques. Among other components, it includes a folded planar reflect
array antenna, a mechanically sealed transition from circular waveguide-to-microstrip and several monolithic
microwave integrated circuits (MMIC). With an internal reference and various analog and digital compensa-
tion circuits, the radiometer is able to measure absolute noise temperatures within a considerable operating
temperature range. Adjustable data integration parameters allow the radiometer to be used for many different
scenarios. The overall performance of the radiometer is verified by system measurements and some exemplary
field tests.

Ubersicht

In diesem Artikel werden Architektur, Entwicklung und Aufbau eines Radiometers bei einer Frequenz von
38 GHz beschrieben. Das Radiometer stellt sowohl ein Demonstrationsobjekt in der Lehre als auch eine Experi-
mentierplattform flir neue Hochfrequenzstrukturen und Entwurfstechniken dar.

Es enthélt unter anderem eine gefaltete planare Reflektorantenne, einen mechanisch dichten Ubergang von
Rundhohlleiter auf Mikrostreifenleitung und verschiedene MMIC-basierte Millimeterwellen- und Hochfrequenz-
schaltungen. Da das Radiometer Uber eine interne Referenz und verschiedene analoge und digitale Kompen-
sationsnetzwerke verflgt, ist die Messung von absoluten Rauschtemperaturen innerhalb eines betréchtlichen
Geratetemperaturbereichs moglich. Uber einen weiten Wertebereich einstellbare Integrationszeiten erlauben es,
das Gerat flr verschiedene MeBszenarien zu verwenden. Die Leistungsdaten des aufgebauten Radiometers
wurden durch die Ergebnisse von Systemmessungen und durch beispielhafte Feldtests verifiziert.

Fur die Dokumentation
Radiometry / Radiometer / Folded Reflect Array Antenna / Circular Waveguide-to-microstrip Transition

1. Introduction

A radiometer is a passive microwave sensor to detect the black-
body radiation of absorptive objects and thus to detect the object’s
temperature. For real objects, the received radiation is a superpo-
sition of the radiation emitted by the target and radiation reflect-
ed from the surrounding. It can be used as a passive surveillance
sensor for astronomical research [1], agricultural purposes [2],
for environmental protection [2, 3], for security applications [4],
or for military missions [5]. Compared to radar, however, radi-
ometry is much less known to the public. Therefore, the 38 GHz
radiometer as described in this paper was designed and built as
a demonstrator in microwave systems education. In an ideal way,
it can be used to teach the topics of noise in microwaves, modern
low-noise and high gain receivers, sensor antennas, and some sig-
nal processing. In addition, it serves as a test vehicle for different
kinds of component technologies as well as for packaging and in-
terconnect technologies in the mm-wave range. The radiometer
was realized within a diploma thesis (with contributions from all
authors), thus it provided to the student a task with many aspects
of industrial work including design of the overall system, of RF
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Fig. 1: Simplified block diagram of the radiometer

and IF components as well as mechanical parts, and it required
the coordination of the different own and contributed actions to
finally build and test the radiometer.

In chapter 2 of this paper, the architecture and system design
are described. In the following chapter, all building blocks of the
radiometer are introduced, and design and assembly of an assort-
ment of them is described in detail. A summary of performance
data of the radiometer and some exemplary radiometric measure-
ments are given in chapter 4.

2. Architecture and System Design

The principal block diagram of the radiometer is shown in Fig. 1.
Radiation collected by the antenna is fed to the input of a low
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noise amplifier (LNAT1). To connect the MMIC based microstrip
amplifier with the antenna feed (realized as circular waveguide),
a special transition as described later on is used. The LNA’s out-
put signal passes through a coupler structure to the down-con-
verter. A second input of the coupler is connected to the output
of a second low noise amplifier LNA2 with a temperature refer-
ence load connected to its input. A thermal sensor closely placed
to the reference load and the LNAs is permanently recording the
ambient temperature 75, so that the noise power density of the
reference load can be determined by the well known formula
S =k - T;. Switching on the two LNAs separately, either the noise
power received by the antenna or the noise power provided by the
temperature reference is down-converted to the IF band. These
noise signals then are amplified in the IF stage, and the power is
detected and A/D-converted for further processing in a control-
ler or a personal computer (PC). In the controller, the radiation
related temperature 7, is calculated from detector outputs of both
the antenna and the reference load taking into account the mea-
sured ambient temperature 7.
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Based on Fig. 1, two equations can be set up to describe the
noise power detected from the antenna path N,, (with LNAI1
switched on) and from the temperature reference N,.;(with LNA?2
switched on):

Now =k T, B-Gyy +k-(Fyy =1)- Ty - B- Gy, 1)
Nref:k'TA'B'Gref+k'(Eef_1)'TA'B'Gref' (2)

In this equations, G, Grerand Fy,, Frer are the gains and noise
figures of the two paths, k is the Boltzmann constant, and B the
receiver bandwidth (equal for both paths), 7 the ambient temper-
ature of the noise reference and the receiver, and 7, the unknown
temperature to be measured.

For a high temperature resolution of the radiometer, a high val-
ue for G, has to be chosen, and it can not be assumed to be con-
stant over temperature. Moreover, due to the receiver noise figure
Fg, the contribution of the right term of equation (1) to the noise
power N, is considerably higher than the contribution of the left
term containing the measured temperature 7. So the measure-
ment of 7, from N,, using just equation (1) would clearly be falsi-
fied by changes of Gy;,. This problem is solved using the reference
path and equation (2) to eliminate Gg;.

Introducing the factors Y= Ny /Neer and X = G/ G, €quations
(1) and (2) can be solved for T, by

TXZ(X'Y'Fref_Fsig"‘l)'TA- 3

Assuming the same noise figures for the two LNAs and a sym-
metric coupler structure, and taking into account the gain of the
waveguide-to-microstrip transition Gwgwms, Fsie can be expressed
by Fig = Fref/ Guswe. From the same considerations, X is express-
ible just by X = G/ Gy = 1/Guswa. To take into account asymme-
tries in the LNAs and the coupler structure, X is preferably deter-
mined by a calibration measurement with the antenna directed
to a microwave absorber at a known ambient temperature. The
asymmetries have some influence on the ratio of F;, and Fyr as
well, but to a negligible extent because of the gain of the LNAs
(Friis formula). Changes of the noise figures of the LNAs over
temperature are accounted for by a linear temperature coefficient
OF(T,) for F;, which has been obtained from temperature tests.

Finally equation (3) is used to determine the noise temperature
T, of the target from two noise power measurements Ny, and Nep
and the temperature of the built-in reference load.

For a better understanding of the component descriptions in
the subsequent chapters, a power budget of the two paths is pro-
vided in the following table 1.

Noise temperature resolution of a radiometer is determined by
the integration time [6, 7]. Thus it competes with a fast acquisi-
tion rate of the radiometer. To be able to use the radiometer for
many different test scenarios, adjustable integration times are
advantageous. For this radiometer, the first integration element
is the low pass filter in front of the analog to digital converter
(Fig. 1). Further integration can be done numerically in the con-
troller. Minimum integration time is set by the analogue low pass
filter, and integration time is adjustable in integer multiples of the
low pass filter time constant of approximately 2 ms.

Table 1: Budget plan of the radiometer according to Fig. 1

RF bandwidth of the radiometer is limited by the antenna and
the transition to the planar receiver components to approximate-
ly 2 GHz. Consequently, the 3 dB cut-off frequency for the IF sig-
nal is set to 1 GHz. Because of stability reasons, the IF stage is re-
alized with a bandpass characteristic having a low frequency cut-
off of 80 MHz. With a two side band down-converter this results
in a small frequency gap in the middle of the RF frequency range,
and an overall effective bandwidth of approximately 1.8 GHz is
achieved.

3. Components of the Radiometer
3.1 Overview

In Fig. 2 the complete radiometer assembly is depicted. All mil-
limeter-wave and electronic building blocks are mounted on the
back side of the antenna sharing a common base plate. The milli-
meter-wave assembly, its power supply, and the IF electronics are
protected and shielded by an aluminum top cover. To avoid long
RF path lengths, all millimeter-wave components are located
close to the microstrip-to-waveguide transition which itself is lo-
cated on top of the antenna feed in the center of the whole assem-
bly. The interface electronics including the analog to digital con-
verter are realized on two separate printed circuit boards mount-
ed beneath the top cover of the millimeter-wave assembly.

In the following sections, details on design and realization of
the antenna, the microstrip-to-waveguide transition, the millime-
ter-wave assembly, and the IF stage are given. In addition, some
general information is presented on the interface and on the soft-
ware.

3.2 Folded Reflector Antenna

Antenna directivity, gain, beamwidth and sidelobe level play an
important role with respect to the radiometer system properties
like angular resolution, bandwidth, required amplification, signal
to noise ratio and temperature resolution.

top cover (shielding removed)

base plate

antenna

interface
electronics
IF stage mm-wave power
and assembly supply
mount e detector and LNA
PC interface switch

a) cavity of the down-converter
b) backshort of the MS/WG transition

100 mm

Fig. 2: Photographs of the complete radiometer assembly (left) and the
millimeter-wave and IF parts (right) which are covered by an aluminum
housing for mechanical protection and shielding

component antenna path reference path Remarks
G/dB F/dB | G/dB F/dB
transition MS-WG 2.6 2.6 - - including the microstrip path to the LNA
LNA 20.0 3.5 20.0 3.5
coupler -4.0 4.0 -4.0 4.0
down-converter -7.0 7.0 -7.0 7.0 taking into account power from two sidebands
if amplifier 40.0 6.0 40.0 6.0 two stages
whole chain 46.4 | 6.96 49.0 | 4.36




In this case, a printed folded reflector antenna [8, 9] with high
gain, low profile, low loss and potentially low production cost is
used. The basis for the design of the planar reflector is a period-
ic array of dipoles printed on a dielectric substrate with backside
metallization. With a plane wave incident from broadside, the
complete power is reflected, the phase angle, however, depends
on dipole length and, to a minor degree only, on the dipole width
(Fig. 3). The reflection behavior of this arrangement is calculated
using a spectral domain code. The phase angle calculated from
a periodic structure even can be used for the design of planar re-
flector antennas with dipoles on a periodic grid, but different dimen-
sions.

Reflection phase
angle in degrees

Fig. 3: Periodic array of dipoles and reflection phase angles as a func-
tion of dipole geometry

Making use of an independent choice of length and width of
the printed dipoles, different properties for the two polarizations
can be adjusted in this way. The focusing array can be modified
to include a polarization twisting of the electromagnetic field,
leading, together with a printed polarizing grid, to a folded an-
tenna configuration.

The principle function of a printed and folded reflector anten-
na is indicated in Fig. 4. The radiation of the feed is reflected by
a printed polarizer grid at the front of the antenna. Then the wave
is incident on the printed reflector, where the dipole axes are tilt-
ed by 45° with respect to the incident electric field. The dimen-
sions of the dipoles are designed in such a way that
1. a phase difference of 180° occurs between the two components

of the reflected wave parallel to the dipole axes leading to a

twisting of the electric field, and
2. an overall phase shift is adjusted according to the focusing re-

quirements.

The outgoing plane wave then can pass the slot array. The de-
sign of this antenna once again is done on the basis of a periodic
structure. For varying dipole dimensions, the reflection phase an-
gles are calculated for both principal polarizations. The optimum
combination of phases then is selected from this set of data ac-
cording to both twisting and focusing requirements.

The reflectarray (Fig. 5) was designed on a 0.508 mm thick
RT/Duroid 5880 substrate (g, = 2.2), with a diameter of 140 mm,
4.1 mm cell size (overall about 900 dipoles), and a focal distance
of 80 mm (40 mm between the two reflectors, respectively). It
was designed for the centre frequency of 37.5 GHz. The feeding
element is a dual-mode-horn [10] to get symmetric illumination
of the reflector (equal beamwidth in the E- and H-plane), low
cross-polarization of the feed and a -9 dB taper at the reflector
edges (reduction of spillover and sidelobe level).

The radiation diagram at 37.5 GHz for both planes is given
in Fig. 6, showing beamwidths of 3.9° in the elevation and azi-

140 mm

Polarizing grid or slot array

Twisting and

Feed horn  focussing array

40 mm

Mounting plate

Fig. 4: Basic principle of folded reflector antenna

Fig. 5: Layout of a Ka-band reflectarray for folded reflector antennas

muth plane, and a sidelobe level better than 23 dB below the main
beam. The gain was measured to be 32 dBi. Similar performance
of the antenna was measured, too, at 36.5 GHz and 38.5 GHz
(5.3 % bandwidth). Good performance therefore is achieved even
at the at the band edges of the radiometer.

3.3 Transition from Circular Waveguide-to-microstrip Line

A new version of a transition from circular waveguide-to-mi-
crostrip line is used to transform the TE;;-mode from the antenna
feed into a microstrip mode for amplification and processing in
the following planar circuit. The setup of the transition is shown
in Fig. 7. For the 50 Q microstrip line, a 0.254 mm thin, high
frequency substrate with high permittivity (RT/duroid 6010M,
g = 10.2) is used. The following receiver circuit is realized on the
same substrate, thus no additional transition is needed.

The connecting microstrip is lead through a channel into the
circular waveguide and ends in a stub. The channel width and
length are designed to stay below cutoff for the TE,;-mode. To
prevent direct leakage of power from the waveguide, a channel
length of about one wavelength is chosen.

To stabilize the thin microstrip stub, it is fixed on a dielec-
tric cylinder (Polymethylmethacrylat (PMMA), ¢ =2.58,
tand = 0.0066) placed in the circular waveguide. This cylinder,
at the same time, is used to provide an improved matching of the
transition and, if properly fixed, it can serve as a sealing of the
waveguide. It supports guiding most of the RF signal directly into
the waveguide output (about 3 times more energy is coupled into
the direction of the cylinder than into the direction of the back-
short). Thus the center frequency for the transition is mainly de-
termined by the length of the cylinder. Increasing this length by
multiples of half wavelengths does not change the center frequen-
cy but reduces the bandwidth. Along the length of the cylinder,
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Fig. 6: Radiation diagrams of the Ka-band folded reflector antenna at
37.5 GHz
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Fig 7: Cut through the transition from microstrip to circular waveguide
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Fig 8: Simulated and measured insertion and return losses of the transi-
tion from circular waveguide-to-microstrip

the waveguide diameter is reduced to stay below cutoff for the

TMy;-mode, but it is kept large enough to minimize dispersion

effects. Reshaping the lower flat end of the cylinder to a cone,

the bandwidth is increased further. The backshort length has mi-

nor effect on the center frequency but on the overall performance

of the transition. Best insertion loss was found for a backshort

length of about a quarter wavelength. Further improvements of

the bandwidth can be realized by

* using material with lower permittivity (and lower losses) for
the cylinder,

* increasing the length of the cone, and

¢ using a small patch instead of a thin stub.

The scattering parameters of the transition were determined mea-
suring two sets of two back-to-back transitions connected by mi-

crostrip lines of different length. From this, the scattering para-
meters of a single transition can been calculated. Simulated [11]
and measured results of the transition agree very well (Fig. 8).
Additional attenuation in the transmission are due to losses in
the PMMA cylinder, to substrate losses, and to some spurious
radiation at the channel opening. The return loss is lower than
-12.5 dB over a bandwidth of 2 GHz.

3.4 Millimeter-Wave Assembly

All active millimeter wave functions of the radiometer are real-
ized using MMICs embedded in a planar hybrid assembly con-
taining lumped and distributed passive elements. Apart from
the down-converter, all transmission lines and distributed ele-
ments are implemented in microstrip technology on a RT/Duroid
6010M substrate. Fig. 9 shows the arrangement of the millimeter-
wave components.

down-converter
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transition
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for down IF output f load coupler
converter ::“';)[;::
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Fig. 9: Photograph of the millimeter-wave assembly. The cavity of the
down-converter and the backshort of the MS/WG transition have been
removed

The low noise amplifiers LNA1 and LNA2 are commercially
available PHEMT GaAs MMICs [12] with a frequency range of
36 GHz to 40 GHz, covering well the operational band of the ra-
diometer. They are fixed by conductive epoxy directly on the base
plate in holes of the surrounding substrate. Their RF and DC
ports are contacted by bond wires to RF and DC lines on the sub-
strate. For RF blocking single layer capacitors are placed close
to each gate- and drain-connection. The LNAs are switched on
and off by changing their gate voltages from operational values of
-0.3 V to pinch-off values of < -1.3 V.

The down-converter (provided by EADS as a separate sub as-
sembly) is based on a special MMIC [13] including an oscillator
for frequencies from 18.5 GHz to 19.5 GHz and a second-har-
monic mixer, so that signals in the frequency range from 37 GHz
to 39 GHz can be down-converted to IF frequencies from
0.1 GHz to 1.5 GHz. The oscillator is stabilized by a disk shaped
dielectric resonator mounted on an alumina substrate accord-
ing to the data sheet [13]. The whole subassembly is covered by
a cubical metal cavity with fixed dimensions necessary to main-
tain oscillation. The oscillation frequency can be adjusted within
some MHz by a screw in the top of the cavity.

3.5 dB Patch Coupler

As fabrication and tolerance requirements prevented the applica-
tion of a conventional hybrid-ring on the chosen material and for
the frequency range used here, a new coupler concept was cho-
sen. The classical hybrid ring was replaced by a rectangular cou-
pling patch [14, 15] modified to meet the required specifications.
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Fig. 11: Comparison of simulation and measurement results of the op-
timized coupler; (patch length: 1.643 mm, patch width 1.235 mm, slot
length: 0.308 mm, slot width: 0.06 mm)

The original patch coupler as shown in Fig. 10 consists of a rect-
angular patch with the connecting lines at the edges.

Like all the other millimetre-wave components, the coupler
was designed and built up on a RT Duroid 6010M substrate with
a substrate height of # = 0.254 mm and a relative permittivity of
e,= 10.2. ADS Momentum [16] has been used to optimize the
3 dB coupler. The starting values for the optimization were calcu-
lated according to the design guidelines in [15]:

a:b+w~«/5 (4)
and
b=0.46-¢, )

with w microstrip line width, A, wavelength on the substrate, a
patch length, and b patch width.

Simulation results of this coupler (Fig. 10) have shown that
with this design, no symmetrical power division can be obtained
for the two output ports. As a way out of this problem, slots have
been inserted into the long sides of the coupler patch (Fig. 11).
With this modified design, a symmetric power distribution has
been achieved.

Two samples of the coupler have been fabricated and measured
with a two-port vector network analyser (VNWA). The remain-
ing two ports were connected to a special matched load as de-
scribed later on. Commercial coplanar on-waver probes were
used to contact the microstrip feed lines of the coupler whereby
the ground contacts have been realised with quarter-wave radial
stubs [17].

Fig. 11 gives a comparison of the measured and simulated in-
sertion and return losses between the coupled ports. The differ-
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Fig. 12: Measurement results and design of the planar matched load
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Fig. 13: Simplified circuit of the implemented detector

ences between measurement and simulation result from lossless
simulation models. The asymmetric characteristic between the
measured insertion loss values |s3;| and |s4| is due to fabrica-
tion variations in the two coupler assemblies necessary to be able
to characterise the structure by two port measurements.

3.6 Planar Matched Load

For the reference path of the radiometer and for termination of
the unused port of the 3 dB patch-coupler, planar matched loads
are required. These were realized using microstrip spirals with
decreasing line width over length (Fig. 4). Absorbing material
[18] is painted on top of the spiral to make it lossy and so to avoid
reflections. Number and distance of the turns were experimental-
ly optimized for best return loss. The measurement results show a
very low reflection coefficient (Fig. 12).

3.7 IF stage and detector

The down-converted noise signal with a power level of approxi-
mately -70 dBm and a dynamic range of less than 2 dB has to be
amplified and converted to a linear output voltage in the range
between 0 V and 4.096 V of an A/D-converter.

Two wideband silicon amplifiers [19] with an overall gain of
approximately 40 dB are used to increase the power level (IFA1
and IFA2 in Fig. 1). A 1 GHz low pass filter (IFLP in Fig. 1) with
lumped elements is used to limit the noise bandwidth.

For the linear detection (power to voltage conversion) of the
amplified and filtered IF signal with its relatively small dynamic
range of 2 dB and a wide bandwidth of 10 MHz to 1 GHz, a mod-
ified diode detector circuit is used.

Standard Schottky detector diodes without bias normally have
a narrow bandwidth characteristic because of their high junction
resistance. To improve the input match for the necessary wide
bandwidth, a bias of 145 uA is applied to the detector diode, and
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Fig. 14: Measured performance of the IF stage together with the detector showing the power-to-voltage transfer curve (left) and the frequency

response for various power levels (right)

Table 2: Measured performance data of the radiometer.

Parameter Conditions, Explanations Value
Angular resolution 3 dB beam width in azimuth and elevation 3.9°
Center frequency 37.563 GHz
Bandwidth 1.8 GHz
noise figure measured without antenna 7.4 dB
Temperature resolution for minimum integration time of 2 ms 26K

for an integration time of 0.1 s 0.8K
Measurement range minimum measurable noise temperature Ty min 20K

maximum measurable noise temperature Ty max 500 K
Operating temperature range changes of T,< 10 K 15°Cto 40 °C
Sampling rate for minimum integration time of 2ms (presently limited by the interface) | 50 Hz
DC power currentsat + 4.5V /-4.5V <500 mA /<50 mA
Size diameter / depth 150 mm /90 mm

a shunt resistor Ry (Fig. 13) is added to get an input resistance
close to 50 Q.

To compensate the temperature drift of the diode (dependency
of the junction resistance on the ambient temperature), a stabi-
lised voltage source Vi, (Fig. 13) is implemented to keep the bias
voltage constant.

Furthermore, to compensate the output offset voltage before
amplifying the detected signal, a reference path with another di-
ode and the same bias was added to the detector circuit, and the
signal is further amplified by a differential amplifier. Using a di-
ode pair from the same die, a good match in DC characteristics
and temperature drift of the two diodes can be expected.

Fig. 14 shows measurement results of the IF stage and the de-
tector according to the block diagram in Fig. 1. The excellent lin-
earity of the power to voltage conversion for different frequencies
can be seen in the left diagram, the amplitude responses for vari-
ous input power levels are plotted in the right diagram.

3.8 Interface Electronics and Software

With the interface electronics (Fig. 1) and the software it is pos-
sible to use the parallel port of a standard PC to operate the radio-
meter. The interface electronics provides the readout of the out-
put signals of the antenna path, the reference path and the ambi-
ent temperature sensor as well as the switching of the low noise
amplifiers. It includes two 14 bit precision analog to digital con-
verters with serial output and some digital latches. Due to serial
execution of all the measurements and a slow data transmission
to the PC, the interface electronics is presently limiting the radio-
meter sampling rate to 50 Hz.

Data processing and integration of the temperature measure-
ments as well as the recording and storing of measurement data

over time is done by a PC based software implemented in C pro-
gramming language.

4. Performance Data and Test Results

Table 2 summarizes the data obtained from measurements of the
complete radiometer assembly. The present overall performance
is suitable for different demonstrations and measurements as it is
shown by the following two examples. A number of parameters,
however, still have to be optimized to better meet the original
specifications.

4.1 Application example 1: Traffic monitoring

In a first test, the radiometer has been mounted on a bridge look-
ing to a street below where approximately one lane is illuminat-
ed by the antenna lobe (Fig. 15). The signal from vehicles pass-
ing the antenna lobe is different from the radiation of the asphalt
making it possible to detect vehicles by the change of the noise
temperature over time. As metal parts of the vehicles are not radi-
ating, they reflect the cold temperatures of the sky ahead of them,
resulting in negative deflections in the recorded curves.

4.2 Application example 2: Imaging of a human hand

Using a 2D scanning mechanism and an additional focusing lens
to increase local resolution of the antenna, a human hand held in
front of a metal sheet has been recorded. Fig. 16 shows the results
of this measurement with intensity coded noise temperatures.
Despite of the low differences between the ambient temperature
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Fig. 15: Photograph of the test arrangement (top) of the first application
example and measured noise temperatures of passing vehicles (bot-
tom).

The photographs corresponding to the measured signal deflections
were taken from a video camera operated in parallel to the measure-
ment procedure
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Fig. 16: Planar scan of a human hand held in front of a metal sheet

of the surroundings reflected by the metal sheet and the surface
temperature of the skin, the contours of the hand are clearly vis-
ible.

5. Conclusion

In this paper, design and first results of a room temperature radi-
ometer at 38 GHz have been demonstrated. The radiometer will
serve as demonstration equipment for students and interested
people. In addition, it was used to apply and test some novel prin-
ciples concerning antenna, millimeter-wave components, and in-
terconnect and packaging technology. As a result, a rather com-
pact system (diameter 150 mm, depth 90 mm) was achieved. An
internal reference load, receiver temperature sensing and com-
pensation will allow, within a reasonable range of ambient tem-
peratures, the detection of absolute radiation temperatures. To
increase sampling rate and to improve temperature resolution,
work has been started to replace the interface electronics and
parts of the PC based software by an embedded microcontroller.

This works has been supported by component samples and test equip-
ment from EADS Deutschland, Microwave Factory and United Mono-
lithic Semiconductors (UMS).
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