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Thereis a long history of developmentof submillimeter-wave radiationsourcessuchasfrequency multiplication of lower frequency
microwave or differencefrequency generationby mixing eithermid-infraredor far-infraredlaserradiationwith microwave. However,
submillimeter-wave region is still relatively unexplored. The output power and frequency tunability have beenmajor difficulties in
routineapplicationof the techniqueto high sensitivity spectroscopy. We at Ibaraki usebackward-wave oscillators,phase-locked to
stabilizedmillimeter-wavesourcesby meansof GaAsharmonicmixersdevelopedby Winnewissergroupat Köln; theradiationsources
deliver relatively high power of the orderof mW andwide frequency tunability, making the systema powerful high-resolutionand
high-sensitivity spectrometer.
By combiningvariousdischargesourcessuchasahollow cathodeandanextendednegativeglow dischargecell with doublemodulation
technique,we investigatedsubmillimeter-wave spectraof free radicalssuchasCH, TiC

�
, HCS, FCO andNCS andions like C� H �� ,

H � COH� andD � H � in the pastseveral years. Among thesespecies,D � H � is particularly interesting. Although the astrochemical
significanceof H �� andits singlydeuteratedspecies,H � D � , is widely recognizedandextensively investigated,spectroscopicinformation
on thedoublydeuteratedspecies,D � H � , hasnotbeenasextensive. This ion is animportantmultiply deuteratedspeciesitself andat the
sametime it mayplayacrucialrole in thechemistryof multipledeuteration.Thefirst laboratorydetectionof asubmillimeter-waveline
of D � H � will bediscussedin termsof therecentdiscoveriesof multiply deuteratedmoleculesin extremecoldmolecularclouds.


