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Abstract— A fabrication technology to realize THz microstrip 
lines and passive circuit components is developed and tested 
making use of a plasma-enhanced chemical vapor deposition 
grown silicon nitride (PECVD SiNx) dielectric membrane. We use 
2 μm thick SiNx and 300 nm thick gold layers on sapphire 
substrates. We fabricate a set of structures for thru-reflect-line 
(TRL) calibration, with the reflection standard implemented as a 
short through the via.  We find losses of 9.5 dB/mm at 300 GHz 
for a 50 Ohm line. For a branchline coupler we measure 2.5 dB 
insertion loss, 1 dB amplitude imbalance and 21 dB isolation. 
Good control over the THz lines parameters is proven by similar 
performance of a set of 5 structures. The directional couplers 
show -14 dB transmission to the coupled port, -24 dB to the 
isolated port and –25 dB in reflection. The SiNx membrane, used 
as a dielectric, is compatible with atomic force microscopy (AFM) 
cantilevers allowing the application of this technology to the 
development of a THz near-field microscope. 
 

SO far the well-established approach in THz circuits 
development is to use rectangular metal waveguides for the 
main circuitry in combination with printed microstrip circuits 
on electrically thin substrates for active components. In order 
to ensure continuous ground these microstrips are suspended 
in a metal channel attached to the waveguide. This has great 
advantages, for example low losses and intrinsic high-pass 
filtering of the waveguides. However, for some applications it 
is favorable to avoid a bulky waveguide approach. Moreover, 
micromachining of waveguide blocks requires highly specific 
equipment and the fabrication process cannot be scaled easily 
to large quantities. Hence, much effort is being put into the 
development of on-chip THz circuitry, exploring CPW [1], 
microstrip [2], and slot-lines [3] as the main transmission line. 
At THz-frequencies these structures are often difficult to 
realize because they require extremely thin substrates or 
membranes of very high uniformity. For the GHz range silicon 
nitride (SiNx) has proven itself particularly useful as a 
membrane material, enabling for example advanced 
techniques as the GHz near-field impedance microscope [4], 
which provides new insight into various fields in condensed 
matter physics [5, 6]. The unique mechanical and chemical 
properties of SiNx, and its compatibility with a large variety of 
materials make this material very attractive in THz 
applications.  

Here we present microstrip transmission lines suitable for 
THz on-chip circuitry based on PECVD SiNx as a dielectric. 
We believe it can find applications in various fields including 
on-chip THz circuitry, such as integrated THz transceivers [7]. 

We have chosen microstrips as a transmission line topology 
because it allows minimizing the interaction with the 
background through the shielding ground plane, giving 
immunity to the topography cross-talk known for AFM 

systems. The microstrip allows also increasing the field 
amplitude due to the confinement of the signal power in the 
small gap between the tip and the shield. Our study is 
organized as follows. First, we fabricate a TRL [8] standard 
set, including Thru, Reflect and Line devices, with Reflect 
implemented as a short circuited Thru. Secondly, we use a 
landing probe setup with a VNA and extension modules for 
characterization of the THz performance. Thirdly, based on 
the basic characteristics of our microstrips we design and 
measure branchline and directional couplers, and we compare 
the results to simulations. 

The performance of the devices is evaluated with a 
dedicated setup in the 220 to 325 GHz range with waveguide 
probes coupled to the thin-film circuit. The setup uses 
Keysight PNA-X with OML extension modules working in 
the WR-3 waveguide band equipped with 325B-GSG-75-BT 
probes from GGB Industries (Figure 1, a). These probes 
provide reliable mechanical and electrical contact through the 
landing of three spring contacts serving as ground-signal-
ground (G-S-G) for the CPW configuration. In order to avoid 
unnecessary impedance mismatch we designed the 
corresponding contact pads as a segment of a 50 Ohm CPW 
line with dimensions of 50 μm for the S-contact width, 
separated by 25 μm from the G-contacts. For a smooth 
transition to the dimensions of the microstrip  (2.5 μm) we 
taper the CPW over a distance of 100 μm. The CPW ground 
stripes merge into a single ground layer of a 12.5 μm long 
microstrip. Contact pads, tapered CPW and microstrip 
segment together form a fixture, indicated with a dashed 
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Fig. 1. (a) Measurement setup for two-port electrical characterization with
landing probes in ground-signal-ground configuration (G-S-G). Dashed
boxes indicate the fixtures. (b) Photographs of the TRL (Thru, Reflect,
Line) calibration set. (c) Layers stack: sapphire, Au,  SiNx, Au. 



rectangle in Fig. 1a. We point out that although these fixtures 
are natural parts of each device they need to be considered as 
parts of the measurement setup. Therefore, we apply a TRL 
de-embedding procedure, thus allowing to properly set the 
measurement reference planes directly at the center of the 
Thru standard and eventually enabling the direct 
measurements of microstrip components placed between those 
planes. We design the three TRL structures (Fig. 1b) as 
follows. The Thru connects directly two fixtures, the Reflect 
shorts each fixture at their interface and the Line connects two 
fixtures with a 125 μm long microstrip. 

All devices are fabricated on a single 350 μm thick c-cut 
sapphire wafer (Fig. 1c). First, the ground layer of 300 nm 
thick e-beam evaporated gold (yellow) is deposited with 5 nm 
Ti as an adhesion layer. We pattern the G-electrodes of the 
fixtures in the ground layer using a standard PMMA lift-off 
technique. In the second step, the 2 μm PE-CVD low stress 
silicon nitride layer is grown at 300°C using an Oxford 
Instruments PlasmaPro 80, with a growth rate of 12.5 nm/min. 
To uncover the contact pads for probe-landing and the via for 
the reflection standard we etch through the SiNx layer using an 
SF6 plasma in a reactive ion etching system. Finally the 
microstrips and signal conductors of the CPW fixtures are 
patterned. For this another 300 nm Ti-Au layer is deposited 
followed by a standard PMMA lift-off process. 

The measured 55  microstrip lines present losses of 9.5 
dB/mm and an effective permittivity of 7.5. A 3-D HFSS 
simulation gives results that correspond well to the 
measurements if a value of 6.5 is used for the permittivity of 
SiNx, compared to 7 in bulk stoichiometric Si3N4. The losses 
are very well described by the resistive loss in gold. Therefore 
we assume the dielectric loss to be negligible. 

To test the performance of more complex circuits fabricated 
with this technique we design a branchline coupler and 
directional coupler representing two key components of real 
THz devices. To fully characterize these 4-port structures with 
the 2 port setup we fabricate each structure in 3 layouts, with 
fixtures attached to the pairs of ports 1:2, 1:3 and 1:4. Idle 
ports are loaded with 2-mm long microstrip lines compacted 
into a meander shape. Even though the loads are terminated 
with open circuits, the estimated reflection from the load is 
less than -36 dB due to the high loss in the line. The 
branchline coupler in 1:4 configuration is shown in figure 3a 
with ports indicated with circled numbers, microstrip ground 
(G) and stripline (S) indicated with arrows. It is designed to be 
slightly overcoupled to extend the usable frequency range, 
with 55 Ohm main line impedance and 35 Ohm low 
impedance branches. The de-embedded measurement results 
are compared with simulations in Fig. 3b. We obtain 
transmission of -5÷-7 dB for the S21 and -5÷-6 dB for the 
S31. The 1 dB amplitude imbalance range is 230 to 305 GHz 
(27% bandwidth). The best isolation of -21 dB between ports 
1 and 4 is achieved in the frequency range of  270 to 280 GHz. 
The measured data nicely correspond to simulations based on 
material parameters extracted from the TRL measurements. 
The directional coupler uses a pair of microstrips coupled 
through a 1 μm gap over a distance of 125 μm. It shows -14 
dB transmission to the coupled port, -24 dB to the isolated 
port and -25 dB reflection. 

To conclude, a branchline and a directional coupler were 
designed, fabricated and characterized yielding high 
performance and good correspondence to simulations. 
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Fig. 2. (a) Photograph of a branchline coupler in 1:4 configuration. Ports are
denoted with numbers 1-4, G and S denote ground and signal electrodes of the
microstrip. (b) Performance of the branchline coupler measured for three
different fixture layouts (symbols). Lines are the results of the simulations.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


