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|. INTRODUCTION.

Thanks to a originalpatented configuration, the AB MILLIMETREompany founded in

1988, opened the possibility of vector measurements at millirsetenillimeter frequencies,
with its Millimeter Vector Network Analyzer model MVN&-350. Different setups, all sokd
state electronicd)aveallowed vector measurements up to 1000 GHmnore than ten years.

However,until recentlythe Local OscillatorgéL Os) for the extension® the submillineter
domain requireanechanically tunabl&unn oscillators. The best Gunn diode=e
delivering tens of mW in thextendedV frequencyband, from 69 to 112 GHz. The
drawbacks of these LOs were the necessary delicate PLL controls and the verys|auriefd
electronically driven frequency sweeps.

A few years ag@ new, improvedechnique made it possible to delivens of mW in the
millimeter extended \Wband,from 62 to 112 GHz, with wide Yand activesextuplers.
Therefore, Gunn oscillatorould be refaced by these fully sweepable LOs.

In AB Millimetre, former Gunnbasedsubmillimeter extensions, called ESA(source) and
ESA-2 (detection) are moreplaced byhe ASA1 and ASA2 cascadextensiongAn

upgrade of MVNAs to such ASA extensions, which@mpatible with earlier delivered
hardware and software is highly recommendeéit)e frequency coverage of the source ABA
is 1401000 GHz, and the frequency coverage of the detegtidiASA-2 is 25601000 GHz.
Thespan ofeledronically controlled sweges isof the rangef 10 to20 GHz, and there is no
need of any delicate PLL control.

In therecent years there is also a considerabf@govement of the Schottky diode technology.
New generation diodes are used at the source sideefter multiplier¥and on the detection
side (forbetter mixers and hamnic mixers) andve have now much more sensitive detext
for the bandsibove 18 GHz. Therefore, ipamllel with ourmulti-harmonic multipliers and
mixers (extensions 8A-1 and ASA2), we developtte newmultiplication chains covering
entirefrequencybands withouhecessity omechanical tunings.

In this paper we illustrate our state-of-the-art achievementsn the 201Q focusing on the
introduction of the instrumentation for the full -sweep THz bad 660-1000 GHz,with
dynamic range approaching80 dB.
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Il. DESCRIPTION OF THE SOURCES.
II.1. The THz, WR-1.2 source (66-1000 GHz).

The Source HGwrl.2-FB covers the 851000 GHz frequency interval by multiplying (N=54)
the 12.218.5 GHz interval comg from the MVNA HG cable, see Fig.1.

Figure 1. The subterahertz submillimeter wave source #\&l.2-FB-DH

There is a activesextupler HGW-FB-MP. The 73111 GHz powerbove 10 mW feeds a
wide-band tipler TRFwr3.4-FB, with a WR3.4 waveguide outputt providesa spectral
range of 2233 GHz with output power @fal mW, which feedshe input of the last wide
band tipler TRFwrl.2-FB producing 6601000 GHzoutput. This last tripleis terminated
with awaveguide WRL.2, or with adiagonal lorn DH, then named TRiwr1.2-FB-DH, like
shownabove

Figure 2. The subterahertz submillimeter wave source #&l.2-FB shown in the version
furnished withTRI-wr1.2-FB tripler.



[I.2. The WR-3.4 source (216836 GHz)

It is obvious that, when the lasipler HG-wrl.2-FB (Fig.3)is removed, the remaining set

called HG-wr3.4-FB can be used as a sourtself. In other words, the 2336 GHz WR3.4
band source is a kind bf-product of the THz sourcéctually, it is also the case of the-62
112 GHz HGW-FB-MP extended \Aband source after removing the tripler TWRi3.4-FB

(Fig. 3)
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Figure 3. Tripler TR12-wrl.2-FB. Left picturei input side with WR3 waveguide for 220
330 GHz, 0.7 1 mW input signal. Right pictureoutput side with WRL.2 providingl-10
microwatts at 661000 GHz.

See the respective powers of tAi)340 GHzHG-wr3.4-FB source Fig.4A, and of tt&60-
1000 GHzsource HGwrl1.2-FB, Fig.4B. Comparing the input/outputver levels, the first
tripler TRIwr3.4-FB has amaximum efficiencyof approx.3%, and the secul triplerTRI-
wrl.2-FB of approx.1%.
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Figure 4. Typical output poweshown in miliwatts over the spectral range 23280 GHzas
measured for the H@r3.4-FB source (lefjpanel) anda typical output power, shown in
microwatts over the spectral range068010 GHzfor the HGwr1.2-FB source (righpanel).



[1.3. Precision control of emited powerin the 68)-1000 GHz spectral range

CalibratedW-band rotary vane attenuator locabsdween the LO Wand source and thetls
Tripler (Fig.5), allowgo reduce the power enetl by the mutiplication chain to a le\ad low
as desired.

Figure 5. Regulated output power stibrahertz radiation source.

The dependence of the output signal oniribet powerat a fixed frequenc969 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 rapidig dB on the rotaryane attenuator.
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Figure 6. The output poweof the MVNA (in dB, arbitrary scaleyersus rotary ane
attenuator position (idB).

The large dynamic range of the MVN#llowsto evaluate powers down to the pW level,
corresponding to approx. 10 dthe arbitrary dB vertical scale of Fighg comparison with



the maimum power obtained from an absolute power meter (calorimageshown in
Fig.4B.

[1l. DESCRIPTION OF THE DETECTION.
[11.1. HM -wr3.4 detector for the band 22-336 GHz.

It is a tunable detector with WB.4 waveguide, round flange U&B87/U Mod anticoking
input, Fig.7.

Figure 7. Tunable detector HMvr3.4.

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.
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Figure 8. The dynamic range (DRin dB, left scalg versus frequency of the tunable detector
HM-wr3.4. On the left plot (Fig. 8A) the DR is showntrace Afor several different

positions of the tuning shoithe power delivered by the source #\&3.4-FB is shown as B
(right scale in mV), and the power across the directional couplér(idsed for stimultaneous
measurements of the DR and the measured power), reduced by the insertion(tzs3 dB)

of the DC is shown as trace The lowest trace D shows the noise floor of the deteCior.

the right plot (Fig. 8B) the uppermost trdeshows 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 thentng short as indicated Fig.7, the frequency response becomes
reasonably flatseeFig.8B.

[11.2. ASA -2 extension to detect above 250 GHz.

See Fig.9. This extermi uses a mechanicallynable multiharmonic nixer, and has the
capability to detect anydéquency above its input cutoff at 250 GHz. In the Fig.9 it is
equipped, at its input, by the flange with W2E8 waveguiddor the range 25400 GHz with
the waveguide cutoff at 211 GHA transition to WR3.4 permits a very sensitive detion of
HG-wr3.4-FB (Dynamic ange DR ca 130 dB the frequency range 2886 GHz).

Figure 9. The ASA2-FC extensiorior signal detection at 250000 GHz. Upon mechanical
tuning to the central frequency desired the typical electronitatigd sweep spans ovEl-20
GHz.

With a WR1.2 input it can detect the H®rl1.2-FB THz source. However the frequency
sweep spans are limited tgpically, 20 GHz.

[11.3. The HM -wrl.2-FB wide-band, sensitive, fullsweep detector.

See Fig.10. A sensitive harmonidxer is fed, though an isolator, by its LGAt top of the
mixer is a biasde for separation of the DC from the IF out of the mixer.



Figure 10.The fullband (not tuned) detector HMrl.2-FB for the sukteraherz spectral
range 66-1000 GHz.

The Fig.11 shows the inpflange, WR1.2 waveguide, round flange U&37/U Mod anti
cocking, of the detector HMirl.2-FB.

Figure 11.Detail picture of the HMwrl.2-FB input round flange UG387/U Mod aitibcking
waveguide WRL.2

Fig.12 shows this input equipg with a ScalaHorn forfree space detection tife 6@®-1000
GHz band.

Figure 12.Detail picture of the HMwrl.2-FB detector head equipped with a scalar
(corrugated) horn.



Fig.13 slows this input equipped with aagjonalhorn DHwr1.2 for the 66-1000 GHz band.

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

The detections of the H@r1.2-FB source by the extension ASA operated after many
mechanical tunings, fdimited frequency sweep spaaeshown in Fig. 14A.n Fig.14B, we
show a spectrum afsingle sweep with a nearly constarga@nse with DR ca 80 dB obtained
with the Flat Broadband FB detector HiM1.2-FB. This last detector is much more easy and
quick to uséhen the ASA2-FC detection irthe range 664000 GHz.

Figure 14. The dynamic range of theetup composed of the H@&1.2-FB source(see
Fig.1,2)andof the extension ASA-FC detector(see Fig.9)s shown on the left picture (Fig.
14A). The right picture (Fig. 14B) demonstrates nearly flat dynamic respufitbe setupf
the same source H@rl1.2-FB with the Flat Broadbandetector HMwr1.2-FB (see Fig.1Q)



