
 
 
 
 
 

High-Dynamic-Range Measurement of 140-GHz Band 
Millimeter-wave Amplifier using Fundamental Mixing 
 

Masaaki Fuse, Akihito Otani 

[Summary] We have studied and prototyped a 140-GHz fundamental mixing test system offering fewer multi-

ple responses and higher dynamic range than conventional methods using a harmonic mixer. This 

paper describes measurements with a 20-dB or better dynamic range and excellent wideband 

suppression of multiple responses. 
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1 Introduction 

Recently, millimeter-wave wireless systems in bands 

above 100 GHz are starting to be used more commonly in 

Wireless Personal Area Network (WPAN) applications. 

However, standards such as IEEE802.11ad have no rec-

ommendations about high-sensitivity and high-accuracy 

technologies for evaluating secondary harmonics of 60 to 70 

GHz band wireless systems or wireless signals above 100 

GHz, and spectrum analysis of signals in these frequency 

bands generally requires measurement by connecting an 

external harmonic mixer to the spectrum analyzer1), 2), 3) 

causing the following problems: 

1) Mixing the harmonic wave of the LO signal and input 

signal in the harmonic mixer causes unnecessary 

frequency components (multiple responses3)) other 

than the original required frequency components in 

the output, making it difficult to monitor the original 

signal components. 

2) Since the power of the LO signal generated in the 

harmonic mixer drops as the harmonic order in-

creases, the mixer conversion efficiency becomes de-

graded. Consequently, the dynamic range is reduced 

greatly when monitoring frequencies above 100 GHz 

requiring a high harmonic order. 

We have developed a 140-GHz fundamental mixing test 

system supporting measurement with fewer multiple re-

sponses as well as higher dynamic range than measure-

ments using conventional harmonic mixers. To validate the 

performance of this system, we evaluated the third order 

intermodulation distortion (IM3)4) of a 140-GHz band mil-

limeter-wave power amplifier, achieving measurement with 

a higher dynamic range of 20-dB or better than measure-

ments using a conventional harmonic mixer. 

2 140-GHz Fundamental Mixing Test System 

The developed 140-GHz fundamental mixing test system 

is composed of devices for splitting the 100 to 140 GHz RF 

frequency band into two frequency bands of 108 to 128 GHz, 

and 122 to 140 GHz for monitoring. This system uses two 

fundamental mixers to convert these frequency bands into 

two IF frequencies of 4 to 24 GHz, and 6 to 24 GHz, respec-

tively. The converted IF signals are then combined and ob-

served to implement spectrum analysis of the 110 to 140 

GHz band. 

Figure 1 shows the block diagram of the 140-GHz funda-

mental mixing test system. The RF Signal Source is com-

posed of dual signal generation systems to perform inter-

modulation distortion measurement and the two generated 

signals are combined for output using a magic-T. The LO 

Signal Source generates a LO signal of either 104 GHz or 116 

GHz. The signals generated from the RF Signal Source and 

the LO Signal Source are adjusted to the best signal level 

using a variable attenuator (VATT) in each signal source be-

fore output. The Mixer is composed of mixers that support 

the analysis frequency band. Each mixer is connected to an 

isolator (→ in figure) at the LO and RF inputs. The IF signal 

that has been frequency converted by the Mixer is input to a 

Spectrum Analyzer for spectrum analysis. The Directional 

Coupler at the Mixer input section, and the Millimeter-Wave 

Power Meter and the Micro-wave Power Meter connected to 

the output of the directional coupler are used to calibrate the 

level of the test system explained below. 

 
Figure 1  Block Diagram of 140-GHz Fundamental Mixing Test System
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2.1 Level Calibration of Test System 

To monitor the RF signal that has been frequency con-

verted by the system Mixer using the spectrum analyzer, the 

frequency conversion loss from the isolator at the funda-

mental mixer input to the spectrum analyzer is calculated to 

obtain the required level calibration data. The conversion loss 

calculation is trialed based on the direct comparison meas-

urement technique3), 4) used at power sensor calibration. In 

this method, the frequency conversion loss is calculated using 

Pm, the value measured by the Millimeter-wave Power Meter 

connected to the directional coupler, and Pµ, the value meas-

ured by the Micro-wave Power Meter connected to the mixer 

output. 

Figure 2 shows the measurement blocks at calculation of 

the frequency conversion loss as a signal flow graph. Fur-

thermore, in this graph, the S parameter of the directional 

coupler is represented as SC, the S parameter of the Mixer 

section including the isolator as SM, the Micro-wave Power 

Meter input reflection coefficient as Γμ, and the Millime-

ter-wave Power Meter input reflection coefficient as Γm. 

From figure 2, the relationship between the level of the in-

put signal to the Mixer b2, and the signal level at the input 

terminal of the Micro-wave Power Meter b3, is expressed by 

Eq. (1). 

 

Figure 2  Signal Flow Graph 
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Similarly, the relationship between the level of the signal in-

put to the Mixer b2, and the level of the signal at the input ter-

minal of the Micro-wave Power Meter b4, is expressed by Eq. (2). 
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Consequently, the frequency conversion loss (C.L.) can be 

calculated from Eq. (3) below. 
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Terms 3 and 4 on the right side of Eq. (3) express the error 

due to mismatching of the measurement system, including 

the power meters. If the Mixer transmission characteristics 

due to the characteristics of the isolator at the Mixer input 

section are assumed to be SM12 ≅ 0, and SM11 ≅ 0, ΓA in Eq. (3) 

can be approximated as ΓA ≅ 0. Table 1 shows the value of 

each reflection coefficient and S parameter in Eq. (3). The 

values in table 1 are the worst-case values in the respective 

measurement bands. Calculating from these values suggests 

that the effect of mismatching of the measurement system at 

frequency conversion loss measurement is within ±0.5 dB. 

Consequently, in this test, error due to measurement system 

mismatching can be ignored when calculating C.L. 

Table 1  S-parameter and Reflection Coefficient of Measurement System 

Γμ 0.11 Γge2 0.03 SM22 0.50 

Γm 0.14 Γge3 0.04 - - 

Figure 3 shows the conversion loss measurement results 

for the two fundamental mixers used in the 140-GHz fun-

damental mixing test system. The same figure shows the 

conversion loss measurement results for two fundamental 

mixers with different LO frequencies. The respective LO 

frequencies are 104 GHz and 116 GHz. Even considering the 

effect of measurement system mismatching, the mixer fre-

quency conversion loss was confirmed to be 10 dB or less. In 

addition, a difference of about 1 dB was confirmed at 121 to 

127 GHz due to the use of mixers with different LO fre-

quencies. 

 

Figure 3  Conversion Loss Measurement Results
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3 Millimeter-wave Amplifier Measurement 

To validate the usefulness of this system for spectrum 

analysis, the 140-GHz fundamental mixing test system was 

used to measure IM3 of a commercial millimeter-wave am-

plifier (HPA). 

3.1 Measurement System 

Measurement was performed by connecting the HPA to be 

evaluated to the Reference Plane shown in figure 1. More-

over, to suppress distortion generated by the measurement 

system, a VATT was connected to the HPA output so the 

total gain of the HPA and VATT was about 0 dB. The spec-

trum analyzer was used to correct the level including the 

mixer conversion loss so that the mixer input level became 

the same as the spectrum analyzer displayed value. Figure 

4 shows the 140-GHz fundamental mixing test system. 

 

Figure 4  140-GHz Fundamental Mixing Test System 

3.2 Measurement Results 

To validate the dynamic range of this system, we ran 

comparative tests using a harmonic mixer and this system. 

Since the tested harmonic mixer supported the W-Band (75 

to 110 GHz), we measured the IM3 of the HPA using a 

2-tone signal of f1 = 108.9 GHz and f2 = 109.1 GHz ap-

proaching each upper frequency limit of the waveguide.  

The results of the comparison are shown in figure 5; 

graph (a) shows the results using the harmonic mixer, and 

graph (b) shows the results using this system. Since evalu-

ation of IM3 requires a measurement system with a very 

low noise floor, the resolution bandwidth (RBW) was set to 3 

kHz for measurement. One measurement of a 2-GHz fre-

quency analysis band required about 10 minutes. 

In the measurement using the harmonic mixer, since the 

mixer's own conversion loss is large at 40 dB or more, the 

noise floor observed at the spectrum analyzer is about –70 

dBm. Consequently, when the input signal power was –15 

dBm or less, the generated intermodulation distortion could 

not be observed because it was buried in the noise floor. 

Moreover, as shown by the dashed line in the figure, typical 

harmonic mixer multiple responses were observed near 

109.9 GHz. Few multiple responses occurred with the fun-

damental mixer, and since these frequencies due to the re-

lationship between the input signal frequency and the LO 

frequency7), measurement probably becomes even more dif-

ficult when approaching these frequencies.  

On the other, at measurement using this system, the 

noise floor observed on the spectrum analyzer was about   

–90 dBm and few multiple responses were observed. More-

over, the results clearly confirm that it is possible to meas-

ure intermodulation distortion of –83 dBm generated at 

input of a –20 dBm signal. 

 

Figure 5  IM3 Measurement Results  f1 = 108.9 GHz, f2 = 109.1 GHz, RBW = 3 kHz, Span = 2 GHz 
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From this comparison of the results, we can say that this 

system can perform measurement with a 20 dB or higher 

dynamic range than when using a harmonic mixer. From 

the relationship8) between RBW and sweep time Tsweep 

shown in Eq. (4), to obtain similar measurement results 

using a harmonic mixer, the value of RBW must be two or-

ders of magnitude larger when VBW is set to the same value 

as RBW. In other words, the measurement time can be 

shortened by a factor of 1/10000 from 10 minutes to 60 ms, 

showing that this measurement system supports spectrum 

analysis of signals exceeding 100 GHz at a higher dynamic 

range, as well as faster analysis of spurious signals. 

32,1, orKVBWRBW

VBWRBW

SPAN
KT

sweep

　=≥
⋅

⋅=
  (4) 

Figure 6 shows the HPA IM3 measurement results at f1 = 

122.9 GHz and f2 = 123.1 GHz. Figure 7 shows the HPA IM3 

measurement results at f1 = 138.9 GHz and f2 = 139.1 GHz, 

the upper measurement limit of this system. In figure 7, 

although we can see a drop in the reference wave level due 

to the HPA frequency characteristics, it is clearly possible to 

confirm the measurement result for the IM3 characteristics 

at frequencies near 140 Hz. Based on the above results, this 

measurement system can be used for analysis of signals in 

the 110 to 140 GHz band. 

 
Figure 6 IM3 Measurement Result  

f1 = 122.9 GHz, f2 = 123.1 GHz, RBW = 3 kHz, Span = 2 GHz 

 
Figure 7 IM3 Measurement Result  

f1 = 138.9 GHz, f2 = 139.1 GHz, RBW = 3 kHz, Span = 2 GHz 

4 Summary 

We have developed a 140-GHz fundamental mixing test 

system supporting higher dynamic range measurements 

than systems using conventional harmonic mixers and with 

few multiple responses. We used this test system to evaluate 

the IM3 of a 140-GHz millimeter-wave power amplifier and 

achieved measurements with a 20 dB or higher dynamic 

range than measurements using a conventional harmonic 

mixer. The typical multiple responses observed at meas-

urements using harmonic mixers were not observed when 

using this system, which also supports high-dynamic-range 

measurement, confirming the possibility of using this sys-

tem for spurious analysis of signals above 100 GHz. 

 

Acknowledgements 

Part of this work was supported under the Ministry of 

Internal Affairs and Communications program for Research 

and Development for Expansion of Radio Resources. We 

would like to express our thanks to the R&D Committee 

members for their help and fruitful discussions. 

 

References 

1) Wendler, W, “Harmonic mixers for spectrum and signal analy-

sis in the microwave range,” Millimeter Waves and THz Tech-

nology Workshop, Sept. 2011. 

2) “Millimeter-wave Measurement,” Anritsu corp. Application Note, 2011. 

3) “External Waveguide Mixing and Millimeter Wave Measure-

ments with Agilent PSA Spectrum Analyzers,” Agilent Tech-

nologies. Application Note, 2007. 

4) “Spectrum Analysis Basics,” Agilent Technologies, Inc. Applica-

tion Note 150, 2006. 

5) Stephen A. Maas, “Nonlinear Microwave and RF Circuits - 

Second Edition,” Artech House, 2003. 

6) “Direct Comparison Transfer of Microwave Power Sensor Cali-

brations,” National Institute of Standards and Technology 

Technical Note 1379, 1996. 

7) Moto KINOSHITA, Kazuhiro SHIMAOKA, Koji KOMIYAMA, 

“Comparison method for the calibration of microwave power 

meters and its uncertainty analysis,” AIST Bulletin of Metrol-

ogy Vol. 6, No.3, 2007. 

8) Stephen A. Maas, “Microwave Mixers - Second Edition,” Artech 

House, 1993. 

9) “The Basis of Spectrum Analyzers”, Anritsu Corp. Technical Note, 2007. 

-30 -20 -10 0
-100

-80

-60

-40

-20

0

20

Input power [dBm]

O
u

tp
u

t 
p

o
w

e
r 

[d
B

m
]

Fundamental

IM3

Noise Floor

Reference Level: 0 dBm 

122.9 GHz 123.1 GHz 

-30 -20 -10 0
-100

-80

-60

-40

-20

0

20

Input power [dBm]

O
u
tp

u
t 
p
o
w

e
r 

[d
B

m
]

Fundamental

IM3

Noise Floor

138.9 GHz 139.1 GHz 

Reference Level: 0 dBm 

38



 

 

Anritsu Technical Review No.22  September 2014 High-Dynamic-Range Measurement of 140-GHz Band Millimeter-wave Amplifier using Fundamental Mixing 

       (5)  

 

Authors 

 

 

Masaaki Fuse 

R&D Division 

R&D Center 

1st Development Dept. 

 

 

Akihito Otani 

R&D Division 

R&D Center 

1st Development Dept. 

and Technology Management Center

 

Publicly available

39



<<
  /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




