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[Summary]

generation of RF technologies forward.

The development of wideband MMIC switches that operate from DC to Sub-THz frequencies repre-
sents a significant leap forward in maximizing the potential of the electromagnetic spectrum. The
ability to seamlessly cover such a broad frequency range is crucial for a variety of advanced appli-
cations, as it allows for greater flexibility and efficiency in Sub-THz communication systems: imag-
ing, sensing, and instrumentation. Miniaturizing and integrating multiple components, including
the switch, onto a single compact chip enhances the overall system performance, enabling more
versatile and reliable Sub-THz solutions. DC to Sub-THz switches are central to overcoming the
challenges of broad-spectrum operation, in particular improvements in insertion loss, isolation, and

bandwidth are key. These advancements are set to unlock new possibilities and propel the next

1 Introduction

This report presents detailed measurements of a Sub-THz
MMIC switch operating from DC to 145 GHz. The ability to
achieve such broad-bandwidth operation is crucial for a va-
riety of advanced applications, including high-speed commu-
nication systems, precision imaging, sensing, and sophisti-
cated instrumentation. As the demand for faster data trans-
mission and higher-resolution imaging continues to grow,
the development of switches that can seamlessly operate
from DC to Sub-THz spectrum becomes increasingly im-
portant. These wideband switches enable more versatile,
compact, and efficient solutions, paving the way for the next
generation of RF and microwave technologies. The following
measurements demonstrate the key performance parame-
ters of this Sub-THz switch and underscore its potential im-

pact on the future of RF applications.

2 Technology

Wideband switch design faces trade-offs in technology se-
lection, with GaAs PIN diodes offering low insertion loss but
limited and InP HBT-based

switches providing high frequency and linearity advantages

integration capabilities,
at the cost of isolation and power consumption. pHEMT tech-
nologies also offer integration options, but not for Sub-THz
frequencies. This report focuses on using InP DHBT-based
switches for integration with amplifiers and multipliers, uti-
lizing a multi-metal layer structure to improve isolation and

manage RF and DC components.

3 Design
A Single-pole-single-throw (SPST) switch from DC to 145
GHz is designed in InP HBT-based technology. The switch

features either reflective or absorptive off-state.
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Figure 1
absorptive Sub-THz switch.

4 Measurements

Upon visual inspection of the chip layout, it was found that
the top layer doesn’t have visual defects. However, the very
bottom metal layer had some yield issues that were noticed on
multiple chips. This caused some switching states to either
not function at all or poorly connect. This matter is still under
investigation but the diverse design of multiple switches on
the same chip shown in Figure 2 was able to point out some
manufacturing flaws. It was found that the same layout im-

plementation showed different results on the same chip.
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Figure 2  1x1 mm multi-switch chip module.

Some poor connections were visible from the top layer,
those sections were discarded from this measurement.

Another section of the switch had minimal reliance on the
bottom layer which resulted in consistent results. Dies with
manufacturing flaws were not tested.

Figure 3 shows the section of the absorptive and reflective
terminations using the same size transistors. Each transis-
tor in Figure 3 was biased and tested individually to compare

current dissipation with simulated values.
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Figure 3  Absorbative and reflective termination.

Biasing the switch to the designed operation points
showed the correct current and power consumption.

A TRL calibration was used to calibrate the probes across
the band of measurement. The switch is probed for s-parame-
ters in Figure 4 minimizing insertion loss in Sub-THz
switches is crucial for maximizing the performance and range
of these systems, particularly in applications where signal
strength is a key factor for successful data transmission and
reception. Two different switches were tested for insertion and
return loss. In Figure 5 we have a consistent result for inser-
tion loss for the Thru state when comparing two different
switches. The Isolation measurement for both reflective and
absorptive states is shown to maintain isolation of 15 dB be-
low across the board. It was evident that the reflective state

had 1 dB better isolation for the same bias conditions.
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Figure 4 Biasing and probing the switch from DC to 145 GHz.
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Figure 5 Insertion loss measurement (cyan, brown for 2 different

switches) and Isolation (green and black for absorptive

and reflective states).

Figure 6 demonstrates Thru states for multiple switches

and different bias conditions. increasing the bias voltage by

0.5 volts improved the insertion loss by 0.5 dB.
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Insertion loss measurement at different bias

conditions and different switches.
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Finally, In the context of switches, especially at high fre-
quencies like Sub-THz or microwave bands, good return loss
ensures that the switch’s ports are well-matched to the sys-
tem’s characteristic impedance (often 50 ohms), minimizing
reflections and preventing power from being reflected into the
source. Return loss is maintained lower than 14 dB across the

band and better than 20 dB above 80 GHz Figure 7.
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Figure 7 Return loss for ON state.

Importantly, this approach was successful in maintaining
a steady insertion loss without ripples or resonances from
DC to 145 GHz.

In general, designing a switch using HBT is challenging
because of leakage and challenging bias conditions. This re-
port sets the stage for the future of integrating Sub-THz
switches on a chip using InP HBT technology.

5 Conclusions

This article presents the design and fabrication of an RF
Sub-THz MMIC switch using InP DHBT, which produced
promising results. This approach showcased significant po-
tential for miniaturized, advanced RF systems across the DC
to Sub-THz spectrum. The unique properties of InP DHBT,
such as high electron mobility and thermal conductivity, en-
hance performance, making it a strong candidate for ad-
vanced telecommunications. This approach demonstrated
that having an ultrawideband switch is possible using InP
DHBT technology. While InP DHBT may not be the optimal
material for isolation, this limitation adds complexity to the
design process and may affect the switch's maximum opera-
tional frequency. However, the increased power handling ca-
pability of DHBT, compared to HEMT, strengthens its poten-

tial for use in front-end ultrawideband transmitters.

Sub-THz MMIC Switches Key Enablers for Sub-THz Wireless Systems

Author

39 (3)

Mohammad Salah

Service Infrastructure Solutions
US Division

Test & Measurement Company

Alexander Chenakin

Service Infrastructure Solutions
US Division

Test & Measurement Company

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




