Fig. 1. Experimental apparatus for two-laser mixing and frequency
measurement.
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The optically pumped formic acid (HCOOH) laser is a
rich source of submillimeter laser lines. A total of fifty-nine
distinct lines have been reported.1-8 The frequencies of
twenty-seven of these lines have been measured accurately
by mixing the laser output with harmonics of various milli
meter wave sources.6-8 The weaker lines have been observed
in some experiments, but not measured accurately. This
letter reports a frequency measurement of one of these weaker
lines, the 311-μm line, pumped by the CO2 laser 10R22 tran
sition.
The optically pumped submillimeter laser used in this ex
periment was similar to one described by Hodges et al.9 A
1.45-m-long, grating tuned cw CO2 laser produced up to 30 W
of power at the 10R22 line used to optically pump the formic
acid. The submillimeter laser consisted of a Pyrex waveguide
2 m long by 38 mm in diameter with the hole input coupling
and hybrid output coupling. The input copper mirror had
a 4-m radius of curvature to reduce the number of low-loss
modes in the laser and facilitate cavity scans for wavelength
measurement. The frequency of the output from this laser
was measured by mixing the laser output in a point contact
diode with the 311-μm line from a submillimeter HCN dis
charge laser (see Fig. 1). The HCN laser was tuned to its
strong 311-μm line by means of cavity scanning. The lowest
order beat note obtained from mixing the two laser outputs,
which was near 2 GHz, was amplified directly with a GaAs
FET amplifier and observed with a microwave spectrum an
alyzer. A dc bias was applied across the point contact diode
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Table I.

HCOOH Optically Pumped Laser Line Reports for CO2 Laser
10R22 Pump Line

to optimize its mixing performance. Further details of the
mixing arrangement may be found in Ref. 10.
The wavelength of the HCOOH laser was measured first by
scanning the laser output coupler through a number of halfwavelengths (typically twenty). From the beat note observed
on the spectrum analyzer, the wavelength was determined to
better than 0.1%. This measurement confirmed that the
HCOOH frequency was below that of the HCN laser. After
calibration of the spectrum analyzer, the beat frequency from
the two lasers was measured to be 2.063 ± 0.005 GHz. The
HCN frequency was taken to be 964.3134 GHz,11 from which
the HCOOH line was derived to be 962.250 ± 0.005 GHz. The
principal source of uncertainty in this result was the spectrum
analyzer calibration (±3 MHz); additional errors were intro
duced in determining the line center of the laser output (±250
KHz) and in reading the spectrum analyzer (±1 MHz). The
formic acid laser line could be tuned between 1 MHz and 3
MHz, depending on the size of the output coupler used in the
submillimeter laser. This places a lower limit on the gain
bandwidth of the HCOOH line. From the observed width of
the beat note, the laser linewidth had an upper limit of 30
kHz.
Conversion of frequency to wavelength permits comparison
to previous measurements of the 311-μm line (see Table I).
Dyubko et al.2 and Plant et al.3 reported low accuracies in
their work. Wagner et al.1 performed a more accurate
wavelength measurement, but their uncertainty was not

clearly stated. In making frequency measurements, Dyubko
et al.6 and Deldalle et al.7 failed to obtain values for the
311-μm line.
Direct mixing of two submillimeter lasers has been dem
onstrated as a useful means of making FIR laser frequency
measurements. The present frequency measurement should
be accurate enough to be useful in making an assignment of
the formic acid line and in reaching a better understanding
of the spectrum of this important submillimeter laser mole
cule.
This work was funded by the National Science Founda
tion.
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