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[Summary]

Fifth-generation (5G) mobile communications technologies are being actively developed worldwide
and measuring instruments supporting frequency bands above 100 GHz are urgently needed.
However, there is as yet no tunable filter for use as a preselector at spectrum analysis in the re-
quency bands above 100 GHz. To meet this need, we have developed a mechanically tuned filter
using a Fabry-Perot resonator incorporated into a waveguide for use as a preselector. Additionally,
we have greatly reduced distortion to generate a high-purity local signal, supporting more accurate
measurement by using a millimeter wave generation method using an optical 2-tone signal pro-
duced by the coherent interference method at generation of a local signal using a block down con-
verter. This has been used to develop a millimeter wave spectrum analyzer supporting frequencies
above 100 GHz. Using this system, we have successfully measured a 120-GHz, 20-Gbps band
QPSK modulation spectrum, verifying that the developed preselector suppress spurious response

and assures accurate measurement.

1 Introduction

Research and development of fifth-generation mobile
communications methods (5G) targeting 1000 times the
capacity of present-day LTE methods is pressing ahead in
recent years. Development of the millimeter band is making
rapid progress as a frequency band supporting delays of less
than 1 ms at data rates about 10 Gbps, and there have been
positive results in implementing wireless systems at speeds
exceeding 100 GHz. However, there is no spectrum analyzer
with a built-in preselector for spectrum analysis of wireless
signals exceeding 67 GHz. Consequently, these measure-
ments are generally made by connecting either an external
mixer or a block down converter!: 2. In these cases, signal
components that don’t exist in the original input signal are
observed. As a result, the functions of the spectrum ana-
lyzer are inadequate for monitoring unknown signals. To
solve this problem, we have developed a millimeter-wave
with newly fabricated built-in preselector supporting fre-
quencies above 100 GHz. We have demonstrated the ability
of this specyrum analyzer to measure the spectrum of
20-Gbps band QPSK modulation wave at 120 GHz as well

as suppression of spurious response using the preselector.

2 Millimeter Wave Spectrum Analyzer

This spectrum analyzer supports signals from 110 GHz to
140 GHz.

Figure 1 shows the external appearance and Figure 2
shows the block diagram. As seen in Figure 1, the system is
composed of a Head with WR-08 waveguide input, a com-
mercially available spectrum analyzer, (SA) and an optical
local signal source (Optical LO Signal Generator). As seen
in Figure 2, the Head is composed of a tunable Preselector,
directional coupler (Isolator), reference wave mixer (Mixer),
amplifier for tuning the level (Amplifier), and UTC-PD
(Uni-Traveling-Carrier Photodiode)® for converting the op-
tical local signal to an electrical signal. Using the
down-conversion method, the mixer creates multiple mixing
products in the output IF signal determined by the mixer
LO frequency f7.0 and the RF signal fzr. The RF frequency is
obtained as both local frequency + IF¥. As a result, a con-
ventional SA is constructed using a preselector to suppress
the sensitivity to unwanted frequency components. How-
ever, unlike the YIG Tuned Filter (YTF) used as a preselec-
tor in the microwave band, there is still no tunable filter
available for frequency bands above 100 GHz. We have de-
veloped a mechanically tuned Fabry-Perot resonator® fab-
ricated in a waveguide as the preselector for the Head used
with this SA.
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Figure 2 Millimeter Wave Spectrum Analyzer Block Diagram

2.1 Preselector

The developed preselector controls the oscillator length L
to function as a millimeter-wave tunable filter with variable
tuning frequency frune.

Figure 3 shows an external view of the preselector and
the principle of operation. As seen in Figure 3, the prese-
lector is composed mainly of a filter composed of waveguides
and an actuator for driving the filter. The actuator drives
one side of the half mirrors forming the Fabry-Perot reso-
nator inside the waveguides to control the tuning frequency
Jfrune by controlling the oscillator length L.

Figure 4 shows the frequency characteristics of this pre-
selector; Figure 4a shows the S21 transmission character-
istic when the oscillator length L is 1.3 mm. Figure 4b
shows a magnified view around the center frequency; 3 dB
down from the peak level at about 124.9 GHz, the band-
width is about 400 MHz and the attenuation at 5 GHz from
the center frequency is about 30 dB. Figure 4c shows a plot
of the maximum value of the S21 transmission characteris-
tic vs tuning frequency fryyz. The degraded noise perfor-
mance due to the preselector is less than 6 dB in the fre-
quency band between 110 GHz and 140 GHz. Figure 4d
shows the frequency setting deviation vs tuning frequency
Jfrune- It is less than 0.1 GHz in the frequency band between
110 GHz and 140 GHz.

Millimeter Wave Spectrum Analyzer with Built-in >100 GHz Preselector

2.2 Synchronous Operation Principle

To analyze 110 GHz to 140 GHz RF signals, this system
uses a method incorporating a preselector for suppressing
generation of image signals into a block down converter.
Conventionally, a sweep-type SA with built-in preselector
uses method for synchronizing the mixer local frequency
and preselector?. However, when sweeping the local fre-
quency at frequencies above 100 GHz, complications such as
the generation method and filter structure be expected. As a
result, in this system, the preselector tuning frequency uses
a step operation and the SA frequency range of 110 GHz to
140 GHz is division-swept. The preselector tuning frequency
frove and SA analysis center frequency are tuned while
separately sweeping the range of 110 GHz to 140 GHz to
finally generate the measurement band spectrum. When
using this type of divided sweeping method, the level re-
producibility and sweep speed can be expected to be affected
by the preselector tuning frequency fyyye step interval. In
this system, the tuning frequency step gap was set to 0.1
GHz based on the based on the setting reproducibility of the
used preselector (Figure 4d) and the passband width. When
measuring at a frequency range (SPAN) of 30 GHz and res-
olution bandwidth (RBW) of 1 MHz, the sweep speed is

about 15 seconds.
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(a) External View (b) Operation Principle

Figure 3 Preselector
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Figure 4 Preselector Frequency Characteristics

2.3 Optical Local Signal Source

This system generates the local signal using a millimeter
wave generation method using coherent interference?: 8.

Figure 5 shows the block diagram of the optical local
signal source. The optical local signal source is generated as
an optical 2-tone signal (Optical LO Signal) with a fre-
quency error of four times the signal frequency f,, generated
by the signal generator; generated optical 2-tone signal is
converted to an electrical local signal corresponding to the
frequency error (4+£,) by the UTC-PD in the head for use as
the reference wave mixer local signal. Using this method
makes it possible to generate a high-frequency millimeter

wave signal easily and reduces the size of the Head size.
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Figure 5 Optical Local Signal Source Block Diagram

Figure 6 shows a maximum values for low-frequency dis-
tortion (1 xf;,, 2 xf,, ***n xf,) due to coherent interference
millimeter wave signal generation, and passive electrical x4
and active electrical x4 multipliers. When using an electri-

cal multiplier, the maximum generated low-frequency dis-
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tortion is about —3 dBc, but with the coherent interference
millimeter wave generation method, it is only about —60 dBc.
Assuming that the attenuation of the general filter is on the
order of 40 dB, using the coherent interference millimeter
wave generation method for the frequencies used by this SA
(f,o = 106.4 GHz), produces a much higher purity signal
using a filter or more than one stage to eliminate spurious
in comparison to the electrical multiplier method. Filter loss
makes a big contribution to reducing the size of the detector

built into the preselector and cutting power consumption.
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Figure 6 Comparison of Optical Local Signal Source Harmonic

Distortion Level Results

3 Measurement Results

To confirm the effectiveness of the preselector in this
system, we measured both the spurious of a CW signal, and
the spectrum of a wideband modulation signal.

3.1 Spurious Measurement using CW Signal

A CW signal in the measurement band (110 GHz to 140
GHz) was input to the system and the observed spurious
response level was measured.

Figure 7 shows the block diagram of the system for
measuring spurious using a CW signal. The signal fre-
quency from the signal generator (SG) is multiplied by 8
using the Multiplier and this frequency multiplied signal is
passed though a bandpass filter (BPF), and variable atten-
uator (VATT) before input to the measurement system. The
input level P;, at the Head input connector was adjusted to
—10 dBm using the VATT to measure the spectrum at this
time; analysis of the spectrum results was used to give the
input level vs spurious level. Moreover, to suppress the
spurious level in the measured signal source, measurement
was performed while changing the BPF according to meas-

ured frequency.
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Figure 8 shows the measured spurious level at the input
frequency f,. The solid line in Figure 8a indicates the spu-
rious level with the preselector, while the dashed line shows
it without the preselector. Figures 8b and 8c show the
spectrum results when the input frequency f, is 115 GHz.
As shown in Figure 8b, without the preselector there are
intermodulation distortion frequency components caused by
the local signal and input signal. However, these distortion
components are not observed with the preselector (Figure
8c). Using the developed preselector supports accurate ob-
servations with no signal components that were not present

on the original input signal.
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Figure 8 Spurious Level Measurement Results

3.2 Spectrum Measurement using Wideband Mod-
ulation Signal

A millimeter wave wideband modulation signal was gen-
erated for testing and measurement. Wideband modulation
signal generation used a coherent interference millimeter
wave generation method like of optical local signal genera-
tion.

Figure 9 shows the block diagram of the system for
measuring the spectrum using a wideband modulation sig-
nal. A difference frequency 4*f,, optical 2-tone signal gener-
ated by the Optical LO Signal Generator was modulated
using the LN modulator and converted to a millimeter wave
signal by the UTC-PD before output? ©. The modulation

signal source used by the LN Modulator uses an arbitrary
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waveform generator (AWG). This type of configuration of-
fers an easy way to generate a wideband modulation signal
and can output a signal with both a 4+, carrier and a 4+f,, +

double sideband from the UTC-PD.
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Figure 9 Block Diagram of Spectrum Measurement System using

Wideband Modulation Signal

Figure 10 shows the measured spectrum of the wideband
millimeter wave modulation signal used for testing meas-
ured by generating a QPSK modulation wave from the AWG
with a 12.5 GHz center frequency, 10 Gsym/s symbol rate
and roll-off rate of 0.3. Figure 10a shows the measured re-
sults with the preselector removed. Without the preselector,
the lower sideband (LSB) has an image near 112.5 GHz and
distortion components due to the carrier are also observed
as spurious near 118.5 GHz. Figure 10b shows the meas-
urement results with the preselector installed in the system,
confirming that the carrier and upper sideband (USB) are
correctly observed in the measured frequency range.

These results show that using the developed preselector
in this system supports measurement without image signal

components and spurious response.

4 Conclusion

We have successfully developed a millimeter wave spec-
trum analyzer system with new built-in preselector sup-
porting measurements above 100 GHz. We have verified the
effectiveness of this system in suppressing spurious re-
sponses thereby supporting accurate measurement of CW

and wideband modulation signals.

37 (4)



Anritsu Technical Review No.23  September 2015

Millimeter Wave Spectrum Analyzer with Built-in >100 GHz Preselector

— 6) Y. Kimura, A. Otani, and S. Arai, “Superiority evaluation of the
PE————— = WUET m coherent interference millimeter-wave generation method,”
Carrier The Papers of Technical Meeting on “Instrumentation and

Image of _USB Measurement,” IEEJ, IM-12-50, pp. 23-28, 2012 (in Japanese)
Spurious

7) H. Kiuchi, T. Kawanishi, M. Yamada, T. Sakamoto, M. Tsuchiya,
J. Amagai, and M. Izutsu, “High Extinction Ratio Mach—Zehnder
Modulator Applied to a Highly Stable Optical Signal Generator,”
IEEE Trans. Microwave Theory & Tech., Vol. 55, No. 9,
pp.1964-1972, 2007.

(a) Without Preselector

8) T. Kawanishi, et al. “160GHz two-tone lightwave generation

r— o @a using high extinction-ratio optical modulation,” Lasers and

IC::-']er i Electro-Optics Society 19th Annual Meeting of the IEEE, pp.
No image 195-196, 2006.

No Spurious 9) T Kawanishi, T. Sakamoto, and A. Chiba, “High-Speed and
Precise Lightwave Modulation Technologies,” OptoElectronics

and Communications Conference, ThQ1, 2009.
10) T. Sakamoto, A. Chiba, and T. Kawanishi, “Electro-optic syn-
thesis of multi-level coherent signals,” OptoElectronics and

(b) With Preselector Communications Conference, Thp5, 2009.

Figure 10 Wideband Modulation Signal Measurement Results 11) T. Kawamura and A. Otani, “Proposal to Expand Frequency

(RBW: 1 MHz, Peak Search) Tuning Range in Millimeter-Wave Band Tunable Filter,” Pro-

ceedings of 2014 Asia-Pacific Microwave Conference, FR1G-38,
Acknowledgments pp. 1270-1272, Nov. 2014.

Part of this research was supported by the Ministry of  19) M. Fuse, Y. Kimura, and A. Otani, “Over 100GHz Millime-
Internal Affairs and Communications research project to ter-wave Spectrum Measurement System with Pre-selector,”
expand radiowave resources. 2014 IEEE International Microwave Symposium (IMS 2014),

TH2D-1 1010, Tampa Bay, 5 June 2014.
References
1) “External Waveguide Mixing and Millimeter Wave Measure- Authors
ments with Agilent PSA Spectrum Analyzers,” Agilent Tech- ‘ Yukiyasi Kimura
nologies, Inc. Application Note 1485, 2007. ( R&D Division
2) “Millimeter-wave Measurement,” Anritsu Corp. Application R&D Center
Note, 2011. 1st Technology Development Dept.
3) H. Ito, S. Kodama, Y. Muramoto, T. Furuta, T. Nagatsuma, and Masaaki Fuse
T. Ishibashi, “High-Speed and High-Output InP-InGaAs Uni- R&D Division
traveling-Carrier Photodiodes,” IEEE JOURNAL OF SE- p R&D Center
LECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 10, ? Lst Technology Development Dept.
NO.4, JULY/AUGUST 2004. Akihito Otani
4) “Spectrum Analysis Basics,” Agilent Technologies, Inc. Appli- ¥Y= R&D Division
cation Note 150, 2006. ﬁ R&D Center
1st Technology Development Dept.
5) T Kawamura, H. Shimotahira, and A. Otani, “Novel Tunable Fil-

ter for Millimeter-Wave Spectrum Analyzer over 100 GHz,” IEEE
Trans. Instrum. Meas., Vol. 63, No. 5, pp. 1320-1327, May 2014.

38 (5)

and Technology Management Center

Publicly available





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




