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Abstract– A total power radiometer is pre-

sent ed for monitoring of st rat ospheric

ozone spectral line at 110 GHz. Special

features, such as a cooled planar Schottky

mixer as the front end and efficient reduc-

tion of standing waves in the quasi-optics,

shall be discussed in detail. The noise tem-

perature of the receiver is 500 K (SSB),

and tot al bandwidth of the receiver is 1

GHz. A dual acousto-optical spectrome-

ter is used for the signal detection.

I Introduction

Ozone has many strong spectral lines in

the millimeter-wave region, of which the line at

110.836 GHz has been selected to be monito-

red with the radiometer at Helsinki University of

Technology. This spectral line is strong, which

makes it rather easy to detect .The receiver tech-

nology at W-band is also well established. On

the other hand, the spectral line lies on the side

wing of a very strong oxygen absorption line at

118 GHz that causes both attenuation and a st-

rong tropospheric baseline to the measurement.

The main component in tropospheric attenua-

tion, however, is atmospheric water, which do-

minates at low altitudes- Water absorption inc-

reases with frequency, making the spectral lines

at high frequencies impossible to be measured at

low altitude measurement sites.

The receiver is a total power radiometer using

intern~ ctibration sources. The drifts in the

receiver, detected with Allan-variuce measure-

ments, restrict the measurement cycle to max.

6-7 seconds. During one cycle hot and cold ca-

libration loads and the sky are measured equal

times.

The calibration is made for each channel sepa-

rately, which means that the noise temperatures

of the loads have to be accurately known as a

function of frequency. Therefore the suppression

of the standing waves is of utmost importance in

order to get valid results, as will be seen later.

Fig. 1 shows the block diagram of the receiver.

II Receiver

Quasi-optics

The quasi-optical unit does SSB filtering as

well as directs the beam to calibration loads and

to the sky. The mirrors are offset ellipsoids, and a

Mach-Zehnder interferometer is used as the SSB

filter to filter out the unwanted lower sideband.

A quarter-wave matched teflon lens focuses the

beam to the” feed horn. The measured losses

along the path between the feed horn and the

cold calibration source are less than 0.1 dB. The

elevation angle of the main mirror is adjustable

and can be set by the operator in the beginning

of a measurement.
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Fig. 1: Mock diagram of the receiver.

Froni end

The front end of the receiver consists of a

dual mode horn antenna, a ring filter for LO

power injection, a planar Schottky mixer and a

LNA. All these components are cooled to 20 K

with a closed cycle helium cooler. The measured

cross-polarization level of the feed horn is -23 dB,

which is sufficient for the application. The local

oscillator is a phase-locked Gunn oscillator emit-

ting +8 dBm at 107.636 GHz. One of the advan-

tages of choosing the 110 GHz spectral line is that

sufficiently high LO power is available from solid

state devices without multipliers. The LNA is

a 3-stage HEMT-amplifier, which has 10 K noise

temperature at 3.0–4.2 GHz and at 20 K physical

temperature.

Schottky mixer

The mixer block, shown in Fig. 2, is based on

WR-10 waveguide, and has total dimensions of

20 x 20 x 65 mm. The block is divided into two

parts through the center of the wide waveguide

wzdl. The input waveguide is tapered to ~ height

to match the diode pair. The diodes are mounted

between the parts of the mixer block. The IF ou-

tput of the diodes is matched to 50 Cl by properly

chosen reactive elements, shown also in Fig. 2.

The IF bandwidth of the mixer is 1 GHz, the cen-

ter frequency being 3.6 GHz. A non-contacting

backshort which consists of two pairs of high- and

low-impedance sections isolated by thin (20 pm)

mylar tape is used in this mixer. A contacting

backshort was also tested and provides the same

total performance of the mixer. The characteris-

tics of the commercidy available beam-lead pla-

nar diodes used in the mixer are given in Table
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Fig, 2: Schottky mixer.

1.

The best diodes for cooling were selected by

measuring a number of points of the diodes’ I-V-

cuives and calculating RS, q, NC and T for the

cooled diode, as described in [1].

Table 1: Characteristics of the planar Schottky

di ales.
~ NC (cm-3)

2.8 16 I 20 17 I 1.12 I 8X1018

Back end

The first IF is split and mixed into two chan-

nels for the acousto-optical spectrometer. The

center frequencies of the channels are 2.0 GHz

and 75 MHz.

The sigmd is detected by a dual acousto-

opticzd spectrometer [2]. The broad-band unit

measures 128 channels over the total 1 GHz ba-

ndwidth, while the narrow-band unit measures

1024 channels over a 50 MHz band around the

center frequency.

Noise temperature

The noise temperature of the receiver was me-

asured with Y-factor method using an absorber

in ambient temperature and in liquid nitrogen.

The characteristics of the receiver were calcula-

ted as described in [3].

The measured DSB noise temperature of the

receiver is 230 K, and the SSB noise temperature

is 530 K with a 60 K cryogenic image sideband

termination. The conversion loss of the mixer is

7.2 dB.
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Fig. 3: Quasi-optical unit of the receiver.

III Calibration

The quasi-optical unit and the calibration

sources are presented in Fig. 3. The radiometer

uses internal hot and cold loads for calibration.

The hot load is a room temperature Eccosorb

WG-4 foam absorber. To detect the standing

waves caused by the hot load a comparison me-

asurement was made using the ozwe radiometer

with a randomly moving absorber as the hot ca-

libration source and the radiometer’s hot load as

the measurement target. The random movement

eliminates the standing wave caused by the ca-

libration source at long integration times, and so

the measured standing wave is due only to the ra-

diometer’s hot load. The + 0.6 K standing wave

is too high and has to be reduced with methods

described later.

The cold calibration source is designed to

efficiently block the incoming infrared radiation,

If the blocking is not good, the surface of the

absorber is heated and the noise temperature is

different from the temperature of the cold plate.

The cold load designed at HUT has been measu-

red to have broad band noise temperature equal

to its physical temperature within the measure-

ment accuracy, which means that infrared radia-

tion is blocked excellently. The reflection level of

the cold load has been measured with HP 851OC

net work analyzer to be -27 dB. A rooftop metal

structure painted with Eccosorb 269E absorber

coating is used to cause multiple reflections to

the incoming wave. The absorber is added in a

thin layer on the metal, and so it has high ref-

lection level. This causes the overall reflection

level to become high enough to cause clearly ob-

servable standing wave in ozone measurement. A

similar measurement as for the hot load was not

made for the cold load because of lack of a reflec-

tionless comparison load, According to network

analyzer measurements at room temperature the

cold load has 2 dB higher reflection level than

the hot calibration load.

The standing waves seen in the results are

caused by reflections between the calibration lo-

ads and the teflon lens. The standing waves

can be efficiently reduced by adding a differential

phase shift of 180° to the quasi-optical path for

half of the measurement time. Adding a rotating

dielectric plate to the gaussian beam causes the

desired effect [4]. This is used in the HUT ozone

radiometer. The material of the plate is teflon,

which has negligible losses and rather low dielect-

ric constant. The plate is in Brewster angle to

avoid reflections, and it is moved into the beam

every second measurement cycle. Rapid rotating

of the plate was also tested, but excess reflecti-

ons caused by the edges of the plate were detec-

ted. The plate is made with an accurate milling

machine using a special kind of a vacuum mount

plate. The accuracy of the thickness of the plate

is + 10 pm. The measurement of the hot load was

repeated with the phase shifter. With the phase

wobbler the hot calibration load is accurate wit-

hin + 0.1 K. The standing wave has reduced by 8

dB. A small standing wave is still observable, and

it is due to the inaccuracy of the phase wobbler’s

angle.

The measurement error due to the standing

waves of the calibration loads is 0.1 K for one

chazmel, and it reduces to less than 0.05 K when

the channels are averaged to obtain exponenti-

ally broadened channels for the inversion routine.

The error caused by nonlinearity of the receiver

is negligible. The resulting total error of 0.05 K

allows measurements when the zenith troposphe-

ric noise temperature is less than 170 K (usually

heavily cloudy weather). The tropospheric at-

tenuation determines the strength of the ozone
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Fig. 4:
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Fig. 5: Inverted vertical ozone profile.

spectral line at ground level and thus the maxi-

mum level of the systematic errors of the receiver.

IV Results

Fig. 4 shows a typical daytime measurement

and a preliminary inverted vertical ozone profile

is presented in Fig. 5. An integration time of 20

minutes was needed at clear and cold weather. A

very fine spectral resolution is achieved around

the peak of the ozone line.

A radiometer has been built for continu-

ous ground-based measurements of stratospheric

ozone. Semi-operative ozone measurements with

the receiver will be started at Helsinki Univ. of

Technology March, 1993. With the achieved level

of systematic errors, measurements can be made

most days of year at the low-altitude measure-

ment site.
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