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I. INTRODUCTION.  

 

Thanks to an original patented configuration, the AB MILLIMETRE Company, founded in 

1988, opened the possibility of vector measurements at millimeter-submillimeter frequencies, 

with its Millimeter Vector Network Analyzer model MVNA-8-350. Different setups, all solid-

state electronics, have allowed vector measurements up to 1000 GHz for more than ten years.  

 

However, until recently, the Local Oscillators (LOs) for the extensions to the submillimeter 

domain required mechanically tunable Gunn oscillators. The best Gunn diodes were 

delivering tens of mW in the extended W frequency band, from 69 to 112 GHz. The 

drawbacks of these LOs were the necessary delicate PLL controls and the very limited span of 

electronically driven frequency sweeps. 

 

A few years ago a new, improved technique made it possible to deliver tens of mW in the 

millimeter extended W-band, from 62 to 112 GHz, with wide W-band active sextuplers. 

Therefore, Gunn oscillators could be replaced by these fully sweepable LOs. 

 

In AB Millimetre, former Gunn-based submillimeter extensions, called ESA-1 (source) and 

ESA-2 (detection) are now replaced by the ASA-1 and ASA-2 cascade extensions (An 

upgrade of MVNAs to such ASA extensions, which are compatible with earlier delivered 

hardware and software is highly recommended) . The frequency coverage of the source ASA-1 

is 140-1000 GHz, and the frequency coverage of the detection unit ASA-2 is 250-1000 GHz. 

The span of electronically controlled sweeps is of the range of 10 to 20 GHz, and there is no 

need of any delicate PLL control. 

 

In the recent years there is also a considerable improvement of the Schottky diode technology. 

New generation diodes are used at  the source side (for better multipliers) and on the detection 

side (for better mixers and harmonic mixers) and we have now much more sensitive detectors 

for the bands above 130 GHz.  Therefore, in parallel with our multi-harmonic multipliers and 

mixers (extensions ASA-1 and ASA-2), we develop the new multiplication chains covering 

entire frequency bands without necessity of mechanical tunings. 

 

In this paper we illustrate our state-of-the-art achievements in the  2010, focusing on the 

introduction of the instrumentation for the full -sweep THz band 660-1000 GHz, with 

dynamic range approaching 80 dB.  
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II. DESCRIPTION OF THE SOURCES. 

 

II.1. The THz, WR-1.2 source (660-1000 GHz). 

 

The Source HG-wr1.2-FB covers the 660-1000 GHz frequency interval by multiplying (N=54) 

the 12.2-18.5 GHz interval coming from the MVNA HG cable, see Fig.1. 

 

 
Figure 1. The sub-terahertz submillimeter wave source HG-wr1.2-FB-DH 

 

There is an active sextupler HG-W-FB-MP. The 73-111 GHz power above 10 mW feeds a 

wide-band tripler TRI-wr3.4-FB, with a WR-3.4 waveguide output. It provides a spectral 

range of  220-333 GHz with output power of ca 1 mW, which feeds the input of the last wide-

band tripler TRI-wr1.2-FB producing 660-1000 GHz output. This last tripler is terminated  

with  a waveguide WR-1.2, or with a diagonal horn DH, then  named TRI-wr1.2-FB-DH, like 

shown above.  

 

 
Figure 2. The sub-terahertz submillimeter wave source HG-wr1.2-FB shown in the version 

furnished with TRI-wr1.2-FB tripler. 

 



II.2. The WR-3.4 source (210-336 GHz). 

 

It is obvious that, when the last tripler HG-wr1.2-FB (Fig.3) is removed, the remaining setup 

called  HG-wr3.4-FB can be used as a source itself. In other words, the 220-336 GHz WR-3.4 

band source is a kind of by-product of the THz source. Actually, it is also the case of the 62-

112 GHz HG-W-FB-MP extended W-band source after removing the tripler TRI-wr3.4-FB 

(Fig. 3). 

 

 
Figure 3.  Tripler TR1-wr1.2-FB. Left picture ï input side with  WR-3 waveguide for 220-

330 GHz, 0.1 ï 1 mW input signal. Right picture - output side with WR-1.2 providing 1-10 

microwatts at 660-1000 GHz. 

 

See the respective powers of this 210-340 GHz HG-wr3.4-FB source Fig.4A, and of the 660-

1000 GHz source HG-wr1.2-FB, Fig.4B. Comparing the input/output power levels, the first 

tripler TRI-wr3.4-FB has a maximum efficiency of approx. 3%, and the second tripler TRI-

wr1.2-FB of approx. 1%. 

 

 

   
 

 

Figure 4. Typical output power shown in milliwatts over the spectral range 210-340 GHz as 

measured for the HG-wr3.4-FB source (left panel) and a typical output power, shown in 

microwatts over the spectral range 660-1010 GHz for the HG-wr1.2-FB source (right panel).  

 

 



II.3. Precision control of emitted power in the  660-1000 GHz spectral range. 

 

Calibrated W-band rotary vane attenuator located between the LO W-band source and the 1st 

Tripler (Fig.5), allows to reduce the power emitted by the mutiplication chain to a level as low 

as desired.  

 

 
Figure 5. Regulated output power sub-terahertz radiation source. 

 

The dependence of  the output signal on the input power at a fixed frequency 969 GHz, Fig.6, 

shows that the multiplication chain is close to saturation (the slope is 1dB/dB) at maximum 

applied power, and that the desaturation occurs rapidly, ca -3 dB on the rotary-vane attenuator.  

 

 

 
 

Figure 6. The output power of the MVNA (in dB, arbitrary scale) versus rotary vane 

attenuator position (in dB). 

 

The large dynamic range of the MVNA allows to evaluate powers down to the pW level, 

corresponding to approx. 10 dB in the arbitrary dB vertical scale of Fig. 6 by comparison with 



the maximum power obtained from an absolute power meter (calorimeter), as shown in 

Fig.4B. 

 

III. DESCRIPTION OF THE DETECTION.  

 

III.1. HM -wr3.4 detector for the band 220-336 GHz. 

 

It is a tunable detector with WR-3.4 waveguide, round flange UG-387/U Mod anti-cocking 

input, Fig.7.  

 
Figure 7. Tunable detector HM-wr3.4. 

 

Its frequency response versus a rather flat power presents structures, the position of which 

depends on the position of the tuning short, see Fig.8A. 

 

 

      
 

 

Figure 8. The dynamic range (DR ï in dB, left scale) versus frequency of the tunable detector 

HM-wr3.4. On the left plot (Fig. 8A) the DR is shown in trace A for several different 

positions of the tuning short. The power delivered by the source HG-wr3.4-FB is shown as B 

(right scale in mW), and the power across the directional coupler DC (used for stimultaneous 

measurements of the DR and P - the measured power), reduced by the insertion loss (ca 3 dB) 

of the DC is shown as trace C. The lowest trace D shows the noise floor of the detector. On 

the right plot (Fig. 8B) the uppermost trace E shows the DR after removing the tunable short. 

The trace F shows the power across the directional coupler (analogous to C in the left plot), 

and the trace G shows the noise level. 



 

In case one removes the tuning short as indicated Fig.7, the frequency response becomes 

reasonably flat, see Fig.8B. 

 

III.2. ASA -2 extension to detect above 250 GHz. 

 

See Fig.9. This extension uses a mechanically-tunable multi-harmonic mixer, and has the 

capability to detect any frequency above its input cutoff at 250 GHz. In the Fig.9 it is 

equipped, at its input, by the flange with WR-2.8 waveguide for the range 250-400 GHz with 

the waveguide cutoff at 211 GHz. A transition to WR-3.4 permits a very sensitive detection of 

HG-wr3.4-FB (Dynamic range DR ca 130 dB in the frequency range 250-336 GHz.). 

 

 

 
Figure 9. The ASA-2-FC extension for signal detection at 250-1000 GHz . Upon mechanical 

tuning to the central frequency desired the typical electronically-tuned sweep spans over 10-20 

GHz. 

 

With a WR-1.2 input it can detect the HG-wr1.2-FB THz source. However the frequency 

sweep spans are limited to, typically, 20 GHz. 

 

III.3. The HM -wr1.2-FB wide-band, sensitive, full-sweep detector. 

 

See Fig.10. A sensitive harmonic mixer is fed, through an isolator, by its LO. At top of the 

mixer is a bias tee for separation of the DC from the IF out of the mixer. 

 

 



 
Figure 10. The full-band (not tuned) detector HM-wr1.2-FB for the sub-teraherz spectral 

range 660-1000 GHz. 

 

The Fig.11 shows the input flange, WR-1.2 waveguide, round flange UG-387/U Mod anti-

cocking, of the detector HM-wr1.2-FB. 

 

 
 

Figure 11. Detail picture of the HM-wr1.2-FB input round flange UG387/U Mod anti-cocking 

waveguide WR-1.2 

 

Fig.12 shows this input equipped with a Scalar Horn for free space detection of the 660-1000 

GHz band. 

 
Figure 12. Detail picture of the HM-wr1.2-FB detector head equipped with a scalar 

(corrugated) horn. 



 

Fig.13 shows this input equipped with a diagonal horn DH-wr1.2 for the 660-1000 GHz band. 

 

 
 

Figure 13. HM-wr1.2-FB input equipped with a diagonal horn. 

 

The detections of the HG-wr1.2-FB source by the extension ASA-2, operated after many 

mechanical tunings, for limited frequency sweep spans are shown in Fig. 14A. In Fig.14B, we 

show a spectrum of a single sweep with a nearly constant response with DR ca 80 dB obtained 

with the Flat Broadband FB detector HM-wr1.2-FB. This last detector is much more easy and 

quick to use then the ASA-2-FC detection in the range 660-1000 GHz. 

 

       
 

 

Figure 14. The dynamic range of the setup composed of the HG-wr1.2-FB source (see 

Fig.1,2) and of the extension ASA-2-FC detector (see Fig.9) is shown on the left picture (Fig. 

14A). The right picture (Fig. 14B) demonstrates nearly flat dynamic response of the setup of 

the same source HG-wr1.2-FB with the Flat Broadband detector HM-wr1.2-FB (see Fig.10). 

 

 

 

 

 

 

 

 

 


