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Abstract

A 345 GHz radio-astronomy receiver was developed at
the I. Physik. Institut of the university of Cologne and
optimized for observations of the CO 3—2 line. The
GaAs Schottky mixer and HEMT-amplifier are cooled
to 20 K. The DSB noise temperature measured at the
telescope is in the range of 350-380 K. A quasi-optical
mirror arrangement focuses the sky and local oscillator
radiation through a Potter horn into the mixer. For
diplexing we use a folded Fabry-Perot. In order to op-
timize the observing mode, the stability was analyzed
through the Allan variance method adopted in Colo-
gne for this purpose using a 1 GHz bandwidth acousto-
optical spectrometer (AOS) built in Cologne. The re-
sults of the Allan plots showed that the complete system
could be operated in total power mode with integration
times up to 100seconds per duty cycle. Baseline rip-
ples were analyzed in detail by simulated spectra with
the AOS and were reduced by insertion of tilted va-
cuum windows and installing a phase shifter in the sig-
nal path.

A 460 GHz "bread board” receiver was tested in the
lab. The final receiver should be finished in fall 1991 so
that the first observing run will be in winter 1991/92.

Introduction

Astronomical observations at wavelengths below 1 mm
require accurately figured telescopes located on very
dry sites. These requirements are well satisfied by the
Cologne radio telescope located on the Gornergrat near
Zermatt, Switzerland (KOSMA Kélner Observatorium
fir Submillimeter Astronomie). The site has excellent
weather conditions in winter time: in the period mid-
November to mid-March the precipitable water vapor
is below 1 mm for about 20% of the time. The 3 m tele-
scope is a Cassegrain antenna with an altitude-azimuth
mount and a surface accuracy on manufacture of 30 um
rms. Since December 1988 the telescope has been

equipped with a GaAs Schottky mixer receiver opera-
ting around 345.8 GHz. With a spatial resolution of
about 80” it is ideally suited for mapping large areas of
molecular clouds. The submillimeter Schottky receivers
presently developed are steps of a large program aiming
at a Schottky receiver at 650 GHz with solid-state LO
source for future airborne and space applications.

The 345 GHz Receiver

As a first step into the submillimeter range we have
developed a 345 GHz Schottky-Receiver [1]. Based on
the experiences of two winter sessions at the observa-
tory we modified the optics and designed a new sy-
stem for the winter 1990/91 observing period. We
use a foldet Fabry-Perot resonator (FPR) instead of
a Martin-Puplett Interferometer (MPI). Measurements
have shown that the transmission at the band-pass edge
(£300 MHz) is 90% for the MPI compared to 98% for
the FPR. This will give a better signal-to-noise ratio at
the band edge. Transmission loss through the diplexer
is 0.5dB. A block diagram of the receiver is shown in
figure 1. The quasi optical design incorporates elliptical
of-axis mirrors. The mirror diameters are three times
the 1/e beam radius, resulting in power loss of less than
20dB. The new mirrors are corrected for phase errors
(5] and were produced on the NC-milling machine in our
institute. The power loss through the optics is in the
range of 0.9-1.1dB. For calibration purposes the signal
input port can be switched to a cold load (40K) and
a hot load (300 K) by a load-select mirror. For decou-
pling the mixer block from vibrations of the cold-head,
we located the mixer on a fiberglass support at the de-
war bottom. To cool down the mixer we connect it via
flexible copper cable with the 18 K-stage. Local oscil-
lator power is provided by a 115GHz Gunn oscillator
(PLL stabilized) followed by a varactor tripler which
was developed at the University of Cologne. The Gunn
oscillator is a GaAs type with 40mW output power.
The multiplier uses a University of Virginia Schottky



Page 642

diode of type 6P4. The multiplier produces an output
power of 3.2mW (8% efficiency) [8]. The mixer uses a
single diode, is fundamentally pumped and the IF sec-
tion is coaxial. The 2I1-150 diode (Univ. of Virginia)
has Co=4.5fF, R,=13.5 Q and U;,=8.0V. The band-
width of the HEMT-amplifier is 800 MHz at 1.4 GHz
midfrequency; its noise temperature is ~10K [3]. The
system noise temperature measured at the telescope is
350-380 K (DSB) compared to 500-550 K with the ”old”
version optics.

We did baseline ripple measurements by using a phase
shifter. The idea is to shift standing waves periodically
by A/2 so that the averaged baseline ripple disappears.
In our case the phaseshifter consists of a 0.21 mm half
teflon disk, rotating with 20 Hz. Figure 2 shows that
the power amplitude reduction is on the order of factor
2-3. In order to optimize the observing mode we had to
get information about the system stability. With the
knowledge of the statistical behavior of the complete
sytem, (source , front end and back end) we could de-
cide if the RMS noise decreases like white noise with
longer integration time, in relation to the radiometer
formula. This was analysed through the Allan variance
method [6] adopted in Cologne, using a 1 GHz band-
width acoustooptical spectrometer (AOS) built in Co-
logne. The program allows to show the collected data of
two AOS-channels as the normalized count difference
(NCD) between them. It indicates the noise evaluation
versus time (figure 3). The result of the Allan plots
(figure 4) shows that the complete sytem stability al-
lows to operate in total power mode with an integration
times up to 100 seconds per duty cycle [2]. Baseline rip-
ples were analyzed in detail by simulated spectra with
the AOS and were reduced by insertion of tilted vacuum
windows and location of the cold load at the Brewster
angle, to avoid standing waves in the optical path.

Beam pattern measurements have been made for the
mixer (modified Potter horn, figure 5), the whole
system, and the receiver integrated at the teles-
cope. We measured a 1/e opening angle of the
Potter horn ©¢,=10.5° compared to the calcula-
ted value ©¢.=10.3°. The measured receiver beam
has O¢,,=8.0°-8.6° compared to the calculated value
©0.=8.2°.

The 460 GHz Receiver

The next step to higher frequencies is the 460 GHz recei-
ver. First heterodyne measurements were made in the
lab. A block diagram of this receiver is shown in figure
6. The signal path is P1,E1,P2, diplexer, P3, E4 into
the mixer. The LO-path is E2, diplexer, P3, E4, mixer
("E” stands for elliptical, and "P” for plane mirror).
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The hot load and a flat mirror for the cold load (E3)
are motor driven. The LO is a InPh Gunn oscillator;
45 mW at 114.7 GHz, followed by a varactor quadrupler
using a Univ. of Virginia Schottky diode 2T2; R,=12Q,
C;=5fF. The multiplier output power is 800 uW (ef-
ficiency=1.8%). The mixer is a Schottky waveguide
mixer with a 1T6 diode (R,=20Q, C;0=0.35{F). The
uncooled mixer conversion loss and noise temperature
were measured [4]: T,,=1700K L,,=6.8 dB. The over-
all uncooled system temperature is T,=3500 K (DSB).
One of the next steps will be to optimize the mixer IF-
matching. The final cooled receiver should be ready for
a CO 4—3 observing run in fall 1991.

Conclusion

We have designed and built a cryogenically cooled
345 GHz receiver which has been installed on the 3m
KOSMA telescope to observe CO 3—2 in the interstel-
lar medium. The cooled mixer is a GaAs Schottky di-
ode mounted in a waveguide structure. Local oscillator
injection is by quasi-optical Fabry-Perot ring resonator.
The noise temperature measured at the telescope is 350-
380K (DSB). We have designed and built a 460 GHz
test system. The uncooled noise temperature is 3500 K
(DSB). The final receiver (cooled version) will be in-
stalled in the telescope in the winter of 1991/92.

Acknowledgements

The receiver development presented here was funded
by the Bundesminister fiir Forschung und Technologie
(BMFT), and partly by the Deutsche Forschungsge-
meinschaft (DFG) through grant SFB-301.

References

[1] HERNICHEL, J.: Aufbau und Inbetriebnahme
des 345GHz Empfangers fir das Kélner 3m-
Radioteleskop, Diplom Thesis, Univ. Cologne
(1989).

[2] KLumB, M.: Untersuchung der Grenzempfind-
lichkeit eines radioastronomischen Empfangssy-
stems, Diplom Thesis, Univ. Cologne (1990).

[3] LEweN, F.: Aufbau und Optimierung eines
HEMT-ZF-Verstarkers, Diplom Thesis, Univ. Co-
logne (1990).

[4] MaTTHES, K.: Aufbau eines 460 GHz-Empfangs-
systems, Diplom Thesis, Univ. Cologne (1990).

[5] Rosk, T.: Aufbau eines SIS-Empfangssytem mit
quasioptischem Mischer, Diplom Thesis, Univ.
Cologne (1989):



Second International Symposium on Space Terahertz Technology Page 643

[6] ScHIEDER, R.: Characterisation and Measure-
ment of System Stability Proceedings of SPIE.
Vol. 598, pp. 189-192 (1985).

[7] WINNEWISSER, G., ZIMMERMANN, P., HERNI-
CHEL, J., MILLER, M., ScHIEDER, R., UN-
GERECHTS, H.: CO submillimeter observations
from Gornergrat, Astron. Astophys. 230,248-251
(1990).

[8] ZIMMERMANN, P.: 490GHz solid state source
with varactor quintupler, Proceedings of 13th In-
ternational Conference on Infrared and Millime-
ter Waves (1988).



Second International Symposium on Space Terahertz Technology

Page 644

| vingy

‘dury
PO3H PI10J >I0Z ; _>I__ JOXIN
Voo T <
18)3W01103dG ~ -~ —A_ _®_7T|I|
Joma
 —_ - B |
¢ds
7dS
DUUBUD
-10qoJD

€dS

-

SdS

19A1829Y ZH9 GY7€E

Jaxa)diq

AN

P10/ 104

%201)
WOy

LdS

1a1dyinpy

13X

]

d |

~
~
~

uung




Page 645

Second International Symposium on Space Terahertz Technology

¢ 9Indy ¢ 2Ingy

I9A192931 3Y) Jo juolj ui Oad—& wntutwanje

wUoy Kl et ki et o o [
_ " AUII) SNSIBA ISION-UI9ISAS
”
> ? L3
! _~ _ NN\ e
i \ <_ \ \ ¢
‘ g _me_ 1 LAY} Huuj W~
! "
* A A
— UL

WY1 nmonttnyg

hatn
®- LUr Uy
1
M9
u 1 SRR T ' . g T
o | siunooj
aoN
«nt
[HIN]

R ORI T O]




Second International Symposium on Space Terahertz Technology

Page 646

G 213y

o£01 = V9 : paje[nojed

801 = V@ : painseaw

(pouS; yanuy

G6 C8 0. 09 0S Oy GE OCc Ol O Ol-02- OE- Q% 0S-- G9- 0.~ 08 05 :

jcw-d 1 m-— ! f m‘: T ¥ T ﬁ—. T GCE~-

rgp; Bumisted

“tou

[29s) 1

7 2In3y

238021 = vy

oot o 3

0oL

oot

[,S1unod




Page 647

Second International Symposium on Space Terahertz Technology

g 2In3y

168°1 :‘puwg

ZHDO09V

O._”\.#QO 2T R oserer

MIA opIs

Jaxyax

v

A doy

eyvid-opydo

Joxordip

JI0}9[[io80
uuny)

JoxTux
oraouLivy

Jopdpymux




