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Design and performance of a microwave Fourier transform spectrometer in the frequency region
around 8 GHz are reported. Operation and experimental set-up are simplified compared to previous

designs.

Introduction

We report on a modification of a microwave
Fourier transform (MWFT) spectrometer with simpli-
fied operation and experimental set-up. The MWFT
spectrometers described in detail previously [1—-6] use
superheterodyne detection, necessitating two phase
stabilized microwave (MW) sources. Recently, Lovas
and coworkers [7, 8] used a single sideband modulator
to replace the microwave signal source in a molecular
beam cavity spectrometer. We transferred this concept
to MWFT waveguide spectrometers. In a cavity spec-
trometer, the cavity resonator behaves as a narrow
bandpass filter and suppresses the second as well as
higher order sidebands and the carrier frequency in
the MW radiation. In a waveguide spectrometer, a
tunable bandpass filter has to be introduced.

Operation

Presently, our single sideband spectrometer oper-
ates in a narrow frequency range around 8 GHz, due
to small overlap of specified frequency ranges of some
components.

The experimental set-up is shown in Fig. 1, and may
be compared to the conventional set-up of Fig. 1 in [5].
The signal microwave source has been replaced by a
branch starting at the directional coupler (5)*. The
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* Numbers in parentheses refer to Fig. 1 of this article.

sideband modulator (13) produces either one of the fre-
QUENCIES Vggna1 = Vigear + 160 MHz with a conversion
loss of 10 dB, suppressing the second sideband as well
as the carrier by at least 18 dB. A further suppression
by about 50 dB is achieved with the YIG tuned band-
pass filter (18) (50 MHz bandwidth) prior to pre-am-
plification in (19) and power amplification in the trav-
elling wave tube amplifier (TWTA) (26). Ambiguities
in the detected transient molecular signal due to un-
wanted polarization are thus avoided.

Using radio frequency of 160 MHz to generate the
pulsed polarizing microwave radiation allows us to
use the double balanced mixer (15) as a phase modu-
lator for the phase alternating pulse sequence (PAPS)
[1, 4]. The relative phases of 0° and 180° at 160 MHz
are transferred to the MW signal frequency.

The present set-up simplifies operation as well as
eliminates the need for a second MW source and the
corresponding phase stabilization equipment. The sig-
nal and local microwave are rigorously kept at a fre-
quency difference of 160 MHz without phase jitter.
The general set-up of the MWFT spectrometer and
the principles of detection, A/D conversion and data
processing remain unchanged [1-6].

Performance

Measurements with the presently described spec-
trometer are of equal quality as compared to the con-
ventional set-up in the same frequency band [5]. As an
example for comparison, Fig. 2 shows the same rota-
tional transition of ethyl fluoride obtained a) with the
conventional set-up and b) with the single sideband
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Fig. 1. Set-up of a single sideband MWFT Spectrometer.
1) Signal source, Watkins Johnson 2019-50, BWO 4-8 GHz, and
power supply.
2) Coaxial isolator, P+H C1-C26314.
3) Coaxial directional coupler, Narda 3044-10, 10 dB.
4) Coaxial variable attenuator, Narda 792FM.
5) Coaxial directional coupler, Narda 3004-20, 20 dB.
6) Coaxial isolator, Microtek H40C80A2.
7) Coaxial mixer, MCL ZAM-42, M814316.
8) Signal Generator, Hewlett Packard (HP) 8656A, 0.1-990 MHz.
9) Synchronizer, HP 8709A.
10) Coaxial variable attenuator, Narda 4798.
11) Coaxial directional coupler, Narda 4014C-10, 10 dB.
12a) Power sensor, HP 8485A. 12b) Power meter, HP 435B.
13) Coaxial single sideband modulator, RHG IRDS8-18/160.
14) Amplifier, RHG ICFT16050.
15) Double balanced mixer used as phase modulator, Mini Circuits
ZAD-3SH.
16) Attenuator 6 dB, Mini Circuits. 17) Frequency multiplier.
18) Digitally driven coaxial YIG-Filter, Avantek AFPD-31821, 8-
18 GHz.
19) MW-Amplifier, Dexcel DXA 5229-01, 12—18 GHz nominal.
20) Coaxial variable attenuator, Alan S0CA18-1172.
21) Coaxial directional coupler, 10 dB, Technical Research and Man-
ufacturing DCS-108.
22) Power sensor, HP 8478B.
23) Power meter, HP 432A.
24) Coaxial isolator, Microtek H80X124A6.
25) Coaxial pin switches, HP 33144A, with driver HP 33190B.
26) Travelling wave tube amplifier, Hughes 1277H, 4-8 GHz.
27) Coaxial isolator, Microtek H40C80AO.
28) See 25).
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29) Waveguide isolator, Microwave Ass. 8023%.

30a) Rectangular waveguide sample cell, cross section 34.8 x
15.8 mm?, length 12 m, vacuum tight MW shielded windows and
vacuum system.

30b) Waveguide for local MW frequency.

31) See 29).

32) See 25).

33) Bandpass filter 4—8 GHz, Filtronics F10345.

34) MW Amplifier, Avantek AMT-8034M, 4-8 GHz.

35) Double balanced mixer with integrated amplifier, Honeywell-
Spacecom MPA 048.

36) Bandpass filter, Lark Engineering SF-160-20-8AB.

37) Amplifier, RHG ICFH160LN.

38) Bandpass filter, Reactel 4B2-160-25B21.

39) Mixer, Mini Circuits ZAD1.

40) Lowpass filter, K&L Microwave 6L.340-45-B/BP.

41) Amplifier, RHG ICFL3010.

42) Variable attenuator, HP 355C.

43) Analog to digital converter, averager, and experimental control
unit, 10 to 100 ns sampling intervals, 1024 to 4096 data points,
75 kHz maximum repetition rate [9].

44) Personal computer, Tandon PCA 20.

45) Oscilloscope 60 MHz, Tektronix 2213A.

46) Coaxial directional coupler, AEL 10200, 20 dB.

47) Normal frequency receiver, Rhode and Schwarz XKE2.

48) Quartz frequency standard, Rhode and Schwarz XSD2, 5 MHz.

49) Frequency doubler.

50) Frequency multiplier.

51) Frequency doubler.

52) Frequency multiplier.

(1)—(4) Pin switch control.

(5) Phase Alternating Pulse Sequence (PAPS) control, 0°/180°.
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spectrometer. Having demonstrated the satisfactory
operation of the single sideband MWFT spectrome-
ter, we will confidently apply this concept to future
set-ups in the frequency range from 8 to 18 GHz, one
of which is under construction.
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Fig.2. JK_ K, «<JK_K, =341223+<351124 transi-
tion of ethyl fluoride, CH;CH,F. a) Spectrometer according
to [5]. Power spectrum, temperature 295 K, pressure 0.5 Pa
(4 mTorr), pulse length 200 ns, 9.8 x 10° averaging cycles,
sampling interval 10 ns, 2048 data points of the transient
decay supplemented with 2048 zeros prior to Fourier trans-
formation. Polarization frequency 8.036 GHz, transition fre-
quency 8.036 482 GHz. b) Present spectrometer, identical
experimental conditions. Transition frequency 8.036 482 GHz.
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