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ABSTRACT

We are currently developing a 163 micron (1.836 THz) radiometer for
airplane and/or balloon platforms.

The laser local oscillator is a COp pumped methanol laser operating
at frequency which is 1 GHz from the J = 3/2 - 1/2 transition of OH. The
laser will be used directly as a local oscillator or will be translated in
frequency to closer coincidence with the OH emission, depending on achieved
detector I.F. bandwidth. Frequency translation techniques which will be
described are diode mixing and a new method of single sideband generation
using an external Stark modulated gas cell.

The photoconductive mixer which will be used is a strained Ge crystal,
doped with Ga, originally used as an incoherent detector. The uniaxial
strain on the Ga doped Ge crystal shifts the threshold for photoconduction
from 100 cm—1 to frequencies as low as 50 cm~}. These detectors are currently
being characterized as mixers in the laboratory. Of particular interest are
the effect of local oscillator power and strain on I.F. bandwidth, detector
impedance and conversion loss. Preliminary results of these tests will be
described and compared with theoretical expectations.

INTRODUCTION

The hydroxyl radical (OH) is recognized as a keystone species for the
understanding of ozone destruction in the stratosphere. As Wofsy has stated
(ref. 1),

"The OH radicals..... drive most of the photochemistry of the
stratosphere. They play a pivotal role in the partitioning
of NOy and C£Oy among species which are relatively reactive
or stable toward 03 and 0."

The OH radical plays a catalytic role in the HO; cycle. In addition, in-

creased OH would reduce the importance of the NOy cycle but would increase
the importance of the CKOx cycle (ref. 2). The major source of OH is the

reaction of 0(1D) with water:
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odp) + H)0 — OH + OH

In the region below 80 km, the main source of 0(1D) is the photolysis of
ozone (ref. 3). As a consequence, OH concentration is a maximum at ~50 km.
The region near 50 km is important for checking on the quantity of OH pro-
duced, while the region of 20-40 km is important for determining the relative
roles of the chlorine and nitrogen cycles.

The OH submillimeter wavelength rotational lines provide an excellent
probe of OH, particularly when remote sensing emission measurements are used.
Figure 1 shows the emission of OH calculated for a balloon platform looking
horizontally at an altitude of 40 km. Most of the emission shown comes from
higher altitude. Calculated emission from an airplane flying at 12 km would
be quite similar. Emission from lower altitudes is broader because of
increased air pressure and is expected to be weaker because of decreased
OH abundance. This particular OH transition is the lowest frequency set
of rotational lines and happens to be quite close to a methanol laser line.
In figure 2 it can be seen that several of the lines are within 1 GHz of
the laser transition. This fortunate coincidence forms the basis for our
1.8 THz radiometer. It might be noted that these lines have recently been
observed in the stratosphere by Kendall and Clark (ref. 4) using a Michelson
interferometer on a balloon platform. However, for detailed altitude dis-
tributions of OH, a heterodyne system will be needed.

LOCAL OSCILLATOR

The block diagram of our radiometer is shown in figure 3. It consists
of the usuval combination of mixer, local oscillator, and filter bank. If
the mixer has a bandwidth in excess of 1 GHz, the laser can be used directly
as the local oscillator. However, it is quite likely that the bandwidth of
our mixer will be smaller than 1 GHz and a scheme for frequency shifting
the laser is needed. The scheme we are planning involves a modulation of
the laser followed by filtering of the lower modulation sideband. This
modulator and sideband filter are therefore part of the local oscillatorx
system. A number of groups have been active in generating sidebands using
an R.F. biased diode (e.g. ref. 5). The efficiency of sideband generation
using this method is not large but the offsets achievable are limited only
by the optical coupling structure for the diode.

An alternative modulation method we have been investigating involves
modulation of absorption in an external gas cell. Surprisingly such a
technique can generate in a single sideband mode with up to 10% efficiency.
The method is best illustrated by a model experiment we performed at 104 GHz
using a methyl fluoride absorption (ref. 6.). The block diagram of the
spectrometer system used i1s shown in figure 4. There is a source klystron
locked to 102 GHz and a local oscillator klystron locked to a frequency
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which is exactly 1140 GHz below the source klystron. The mixer and spectrum
analyzer combine to make a very high resolution radiometer for power leaving
the sample cell. The methyl fluoride pressure in the sample cell was ~80
mtorr and the 10.8 MHz electric field had an amplitude of 40 V/cm. This
field modulates the absorption frequency by 14 MHz. The modulation frequency
was significantly larger than the 1.5 MHz width of the methyl fluoride absorp-
tion. The results of this experiment are shown in figure 5. Trace B, taken
when the input signal was on resonance with the absorption shows the sideband
pattern expected for amplitude modulation., When the input is above or below
resonance, the effect of the modulated absorption is to put enhanced power

in the sideband located on the other side of the absorption center. In this
experiment, the absorptivity of the sample was small and the sideband level
only reached the 5 db level. However, for stronger absorption, the theor-
etical model of the experiment predicts that the sideband level can approach
10 db.

THE MIXER

Recently we have been centering most of our attention on the mixer,
since the mixer characteristics drive many of the decisions about local
oscillator requirements and achievable signal to noise figure. The mixer
which we are testing is a strained Gallium doped Germanium crystal which
is used in a photoconductive mode. Incoherent detectors of this type have
been described (ref. 7), but their mixer properties have not been evaluated.
We are currently evaluating the bandwidth of several mixer crystals at 96y,
118y and 163p in the stressed and unstressed conditions. At this point we
can only report that the bandwidth in all cases is in excess of 5 MHz based
on time response tests. The material used is supplied to us by Santa
Barbara Research Corp. and is only lightly compensated. The crystals are
in the form of cubes 3mm on a side and are doped to a level of %1014/cm3.
Measurements of I.F. noise bandwidth by mixing a black body with the laser
are currently under way.

We have also measured the D.C. photo-resistance at laser power levels
in an attempt to determine the maximum achievable conversion gain of the
mixer. An example of such a photo-resistance curve is shown in figure 6.
As can be seen, the curve fits a simple power saturation law. This satur-
ation behavior is reasonable if the negatively ionized acceptor concentration
is not a function of the power level. At higher power levels the ionized
acceptor concentration should increase due to the production of photo-holes
significantly in excess of the dark ionized acceptor level, This increased
ionized acceptor level will 1) increase the recombination rate and 2) decrease
the mobility. The first effect occurs because the recombination rate is
proportional to both ionized acceptor concentration and hole concentration,
and the second effect occurs because of increased scattering by ionized
acceptors relative to neutral acceptors. Both effects will slow the satura-
tion rate with increased power, and such a trend can be seen at the higher
power levels in figure 6., The conversion gain is obtainable from the
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photoresistance by

dr 2 2 -1
G =2 <E> Ib R P , (1)

in which Iy is the bias current. The maximum gain then appears at P =
Po/z, with

_ 2
GmaX = <£b Ro/Po> x 0.296 (2)

in which Ry is the dark resistance. It is possible to make 2 Ry, on the
order of P,, but higher bias levels suffer from the severely non-linear
I-V characteristics of the crystals (see ref. 7). To achieve the high
gain of eq. (2), the I.F. amplifier has to be matched to an impedance of
nv28 ki, This is a problem with conventional 50 @ amplifiers but is quite
well suited to FET input amplifiers at moderate I.F¥. frequencies.
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Figure 1.~ Calculated emission by OH in Earth's upper atmosphere.
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Figure 2.- OH spectrum near 1800 GHz.
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Figure 3.- 1800 GHz OH radiometer.
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