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This instrumentation project has provided the physics department at NCCU with 
an opportunity to assemble a broad band spectrometer in the millimeter and aubmillimctcr wave 
region to perform high resolution spectroscopy. The central component for the generation of 
radiation is a backward wave oscillator (BOW) in the frequency region 110 Cfhz m 1X0 GHz with 
the output power of ten's of milliwatts. It has an option of generating higher frequencies by using 
doublcr and tripler, or by an conventional multiplier, still with power in ihc order of milliwatts. 
A system based upon this BWO including a highly sensitive fast liquid helium cooled InSb 
detector, combined with state«of-the-art data acquisition hardware and labview software package 
from National Instruments, will gradually replace our dependence on the existing broadband 
spectrometer, reducing the downtime of the old system and increasing the productivity in terms of 
data collection . The new system has the potential for application to oilier research areas where the 
strength of the radiation is an important factor along with its resolution. Its higher output [power 
and good resolution will make it useful in both gas and solid phase spectroscopy. Preliminary 
results regarding its performance characteristics are presented below. Various equipment 
purchased through this grant are listed below (Table 1). ' 

Backward wave oscillators (BWOs) have been used in a number of System 
configurations for high resolution spectroscopy in the millimeter and submillimeter spectral region. 
These have included ire& running, cavity locked, and phase locked configurations. The NCCU 
spectrometer has been constructed based on a free running configurations and a fast, sensitiv^ InSb 
liquid helium temperature detector. The high spectral resolution and accuracy of this system is 
derived from the excellent short term speotral purity of the BWO and the fast frequency scanlwhich 
effectively freezes the long term drift. Calibration is derived from the etalon fringes and reference 
lines. ! 

The frequency «voltage characteristics of die BWO (mudcl OB-86) is shown in Fisure 1. 
Frequency sensitivity shows to be on the average around 75 MHz/volt. The frequency calib| ration 
is performed using a scheme shown in Fig. 2. The beam splitter splits the millimeter wave into two 
paths. One part goes tn the absorption cell while the other part is directed to a high resolution 
fabry-Perpt cavity.-The spectral signal due to HN03 and the etalon signal.is shown in Figrf.Jihe', 
result of the frequency calibration shows resolution to be around 100 KHz (Figure 4) which is 
compatible to our older frequency-multiplier based broadband spectrometer. j 



SENT BY=NCCU ACADEMIC AFFAIR ; 2-27-95 ; 17=18 :NCCU ACADEMIC AFFAIR-     202 404 7496;# 4 

Table 1 

List uf Euuipment 

1, Microwave Signal Generator - free running, swccpablc millimeter source: 
PacVeti^ed 115-178 GHz Backward Wave Oscillator (BWO) from ISTOK, 3 KV power 
supply, sweep unit, gas cell and Fabry-Perot cavity for frequency calibration, and optics, 

(Items #s 1.2. and 6 of the original budget) 

2, Digital Storage Scope- Mac based data acquisition and control system: 
General purpose I/O Board (National Instruments NB-MIO-16L-9), DMA Board 
(National Instruments NB-DMA2800), Labview software package, custom made 
software, multi media computer with high resolution monitor, and a bard copy output 
printer. [ 

(Item # 5 of the original budget) 

3. Submillimeter detector« Dual suhmillimeter detector: 
Liquid helium dewar. InSb detector elements, preamplifiers and amplifiers, bias box,: 
horns, light pipes, and other optivs. j 

(Item # 3 of the original budget) 

4. Portable pumping station: 
Balzers Turbomolecular Drag Pump, model TMH 260, 210 l/sec, Power supply andjorner 
accessories, Leybold direct drive mechanical pump, 

(Item # 4 of the original budget) ! 

"   .'   > V"**'1, * '*,!'  „ 
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OB-86 tube characteristics 
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general MM 
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Figure 2 
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Figure 3 
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Frequency Calibration 

=>  determine A and vc 
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Figure 't 


