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IEEE P1785 Workgroup 
•  P1785 – “Waveguides for Millimeter and Sub-

Millimeter Wavelengths” 
–  Website: grouper.ieee.org/groups/1785 

•  Workgroup History 
–  First meeting in June 2008 at IMS-Atlanta 

•  DARPA THz Program “re-booted” the WG in May 2010 
–  Albrecht, 2010 IMS Symp. Dig., pp. 1118-1121 

–  Current membership level ~30 
•  Workgroup Goals 

–  Develop an international standard to define 
waveguides at > 110 GHz 
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Figures from www.microwaves101.com & www.vadiodes.com 

Waveguide 
Tripler 

Experimental 
Waveguide 
Interface 
(500-750 GHz) 

Waveguide Taper 

Waveguide Bends 
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Rectangular Waveguide 
•  Why rectangular guide? 

–  Low loss guiding structure at 
THz 
•  Microstrip ~ 1 dB/mm @ 600 

GHz 
•  Waveguide ~0.08 dB/mm @ 600 

GHz 
– High power handling 
– Many techniques for 

integration of device with 
guide 
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Figure from 
www.ee.bilkent.edu.tr 
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Varactor Frequency Tripler 
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Porterfield, 2007 IMS Symp. Dig., pp. 337-340 
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Rectangular Waveguide – TE10 Mode 
•  Single-mode Operation 

–  High pass filter 
•  Blocks lower harmonics 

–  Operate with only TE10 mode 
propagating 
•  TE20 mode is next highest mode 
•  Turns on at 2 times the TE10 

cutoff frequency 
–  Operating range approx. 1.25 

to 1.9 times the TE10 cutoff 
frequency 
•  To reduce the effect of 

dispersion on performance 
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Figure from www.rfcafe.com 
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Kerr et al., ALMA Memo No. 278, 1999  



doc.: IEEE 802.15-15-12-0351-00-0thz 

Submission 

Previous Waveguide Standards 

•  Waveguide Bands defined up to 325 
GHz 

•  Standard UG387 Interface to 110 GHz 
– Marginal performance even at 110 GHz 

•  Raised boss make repeatable connections 
challenging 

– Standard extended for use up to 325 GHz 
•  Numerous variants, manufacturer dependent 

July 2012 

J.L. Hesler, Virginia Diodes Slide 10 



doc.: IEEE 802.15-15-12-0351-00-0thz 

Submission 

Previous Waveguide Standards 
July 2012 

J.L. Hesler, Virginia Diodes Slide 11 

Kerr et al., ALMA Memo No. 278, 1999  
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UG387 “750-Round” Interface 
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Kerr et al., ALMA Memo No. 278, 1999  
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Kerr et al., ALMA Memo No. 278, 1999  
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Previous Waveguide Standards 

•  TRG-714 style was developed for 
higher frequency operation 
– Technical issues limited use of flange 

•  Expensive to machine on components 
•  No ability to view interface contact 

•  Not widely adopted by the industry 
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TRG-714 “Mini-Flange” Interface 
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Kerr et al., ALMA Memo No. 278, 1999  



doc.: IEEE 802.15-15-12-0351-00-0thz 

Submission 

Waveguide at THz 
•  There has been a growing need for 

standardization of THz waveguide 
– The number of applications and systems at 

> 325 GHz has grown dramatically 
•  As one example, the ALMA Project 

– Atacama Large Millimeter-wave Array 
•  almascience.nrao.edu/about-alma 

–  International project 
•  North America, Europe & Asia 
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•  ALMA Coverage to 950 GHz 
–  66 Antennas 
–  2 Receivers for each band 

•  Components developed 
around the world 
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VNA Extenders to 1.1 THz 
•  750-1100 GHz with 60 dB dynamic range typical 
•  Waveguide calibrated measurements 

–  Waveguide SOLT (TOSM) calibration 
–  Also on-wafer TRL calibration (wafer probes at 850 GHz) 

•  Interface is a key factor limiting measurements 
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Examples of Problems Caused by Lack 
of a Standard 

•  Incompatibility of interfaces from different manufacturers 
–  Loose fit, Different dowel sizes, Binding, Damage… 

•  Waveguide sizes and frequency bands undefined above 
325 GHz 
–  For operation at > 325 GHz what waveguide size and band 

should be used?  How to decide?? 
•  MIL-spec naming convention doesn’t extend well to THz 

–  90-140 GHz à WR-8 (Width 0.080”) 
–  220-325 GHz à WR-3 (Width 0.034”) 
–  500-750 GHz à WR-? (Width 0.015”) 

•  “WR-2” name conflicts with 330-500 GHz band 
•  “WR-1” name conflicts with 600-900 GHz band 
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Goals of a Waveguide Interface Standard 
•  The main reason for developing a waveguide interface 

standard is to ensure compatibility of components from 
different groups 

•  The following features and goals are desirable:  
–  Metric 
–  Repeatable operation to at least 1 THz with low reflection.  
–  Backward compatiblility with existing interfaces and 

waveguides below 325 GHz 
•  Cost benefits of backward compatibility (not having to replace 

existing equipment) must be weighed against the potential 
performance advantages of a new but incompatible interface  

–  Ease of machining.  
–  Asexual, to avoid the need for male and female flanges.  
–  Anticocking 
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Ridler et al., Microwave Journal Cables & Connectors 
Supplement, Mar. 2011, pp. 20-24. 
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IEEE P1785 Workgroup 
•  Standard for Rectangular Metallic Waveguides 

and Their Interfaces for Frequencies of 110 
GHz and Above 
–  Develop an international standard to define 

waveguides at > 110 GHz 
•  Three proposed parts to the standard 

–  Part 1: Define waveguide dimensions and 
associated frequency bands 

–  Part 2: Define waveguide interfaces (i.e. flanges) 
–  Part 3: Recommendations for Interface 

Performance and Uncertainty Specifications 
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Part 1: IEEE P1785.1 

•  P1785.1: Define a series of waveguide widths 
to cover the THz frequency range 
–  Waveguide height defined to be half the width 

•  Define a series of frequency bands related to 
the waveguide widths 
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IEEE P1785.1TM/D3 
grouper.ieee.org/groups/1785 
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Key Design Criteria 

•  A. Frequency bands 
–  The frequency bands (i.e. the suggested lower 

and upper frequencies of each waveguide band) 
should: 
•  Be memorable (i.e. use whole numbers) 
•  Be easily extendable from lower frequencies to higher 

frequencies (i.e. mapping from one decade to the next) 
•  Agree with the existing values for WR-10 to WR-03, as 

given in the MIL standard 
•  Form two contiguous interleaved series (i.e. should not 

contain gaps or overlaps in the frequencies covered by 
each series) 
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Ridler et al., Proc. ISSTT, 2010  
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Contiguous Interleaved Series 
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Key Design Criteria 

•  B. Waveguide dimensions 
–  It was soon agreed that a ratio of 2:1 would be used to 

describe the relationship between the waveguide 
aperture width and height (i.e. the ratio of the broad- to 
narrow-wall dimensions). Therefore, it was only 
necessary to define the waveguide broad-wall 
dimension (called the ‘width’, by convention). The 
waveguide widths should: 
•  Where appropriate, be effectively identical (within stated 

tolerances) to sizes WR-10 to WR-03, as given in the MIL 
standard) 

•  Avoid fractional micron values (i.e. x.y microns) 
•  Where appropriate, be very similar to sizes WR-2.8 to 

WR-1.0, as given in Hesler (ISSTT Proc., 2007, pp. 100-103) 
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Ridler et al., Proc. ISSTT, 2010  
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•  Waveguide sizes & bands described in Hesler et al. 
–  Used by variety of groups, including the ALMA project, 

VDI, and other THz manufacturers 
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Hesler et al., ISSTT Proc., 2007, pp. 100-103  
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Key Design Criteria 

•  C. Related quantities 
–  In addition to the above, the waveguide 

scheme should provide, for all bands: 
•  Relatively uniform fractional bandwidths 
•  Approximately constant k-factors (where k1 ≈ 1.25 

and k2 ≈ 1.90) 
–  The k-factors relate the band edges to the TE10 cutoff 

frequency 
•  Similar ratios of cut-off frequencies (or, equivalently, 

waveguide widths) for adjacent bands 
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Ridler et al., Proc. ISSTT, 2010  
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Design Trade-offs 
•  There is a key design trade-off between either: 

–  memorable sizes and bands 
       or 
–  uniform bandwidth and k-factors (geometric based) 

•  For example look at 1 THz waveguide 
–  “Memorable” WM-250 band 

•  Width 250 um, Band 750-1100 GHz 
•  k1=1.25, k2=1.834 
•  Bandwidth 1.47 (compared with up to 1.57 for other bands) 

–  “Geometric” WM-254 band 
•  Width 254 um, Band 735-1115 GHz 
•  k1=1.25, k2=1.89 
•  Bandwidth 1.52 (similar to other bands in series) 

•  Workgroup tried to find best compromise 
–  Kept example of earlier IEC 60153-2 standard in mind 

•  IEC 60153-2 followed strict geometric approach 
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IEC 60153-2 Standard 
Relevant Specifications for ordinary rectangular waveguides  
•  Frequency range 

based upon strict 
k-factors 
–  k1=1.25 and 

k2=1.9 
•  Waveguide bands 

not memorable 
– Also not contiguous 

•  Not widely adopted 
by community 
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Waveguide size determines frequency range 
(using k1=1.25, k2=1.9) 

Flann Catalog 
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Ridler et al., Proc. ISSTT, 2010  
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Extend to higher frequency 
bands by scaling lower 
bands by factors of 10 

IEEE P1785.1TM/D3 
grouper.ieee.org/groups/1785 
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IEEE P1785.1TM/D3 Current Status 

•  IEEE P1785.1TM/D3 has passed the first 
sponsor ballot in the IEEE standards 
committee 
– Near unanimous decision 
–  19 Comments 

•  Most related to formatting or grammar 
•  3 relatively minor technical comments 

•  P1785.1 is heading back for recirculation 
vote 
– Should occur in the next month 
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Part 2: IEEE P1785.2 

•  P1785.2: Define one or more THz waveguide 
interfaces for use in the standard 

•  Key Design Criteria 
–  Backward compatibility with existing interfaces and 

waveguides 
–  Ease of machining.  
–  Asexual, to avoid the need for male and female 

flanges.  
–  Anticocking 
–  Repeatable operation to >1 THz with low reflection 
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Mismatch Caused by Flange Misalignment 

•  E-plane offsets are dominant 
•  Rotation is not a significant effect and can be ignored for the 

flanges under consideration 
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Kerr, NRAO EDTN #215, 2009 
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Mismatch for Several Waveguide Bands 
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Kerr, Proc. ISSTT, 2009 
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Candidate THz Waveguide Interfaces - Examples 
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Hesler et al. modified UG-387 type 
   

  • Anti-cocking version of UG-387 with 
tighter tolerances 
  • Used for ALMA project, VDI Components 

Lau & Denning boss and socket interface 
   

  • Potentially has the most precise alignment 
 • Sexed interfaces 
 • New unpublished variant is stated to be compatible 
with UG-387 (no RF testing) 

Hesler et al, Proc. 
ISSTT, 2007. 

Lau et al, 69th 
ARFTG, 2007. 

Modified UG-387 with Inner Dowels 
   

  • Commonly used in industry 
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Candidate THz Waveguide Interfaces 
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Horibe et al. modified Oshima type 
   

  • Similar to ring flange, but alignment using 
outer ring 

Horibe, 79th ARFTG, 
Montreal, 2012 

Kerr et al. Ring-Centered Interface 
  

  • Compatible with UG-387 
Kerr, Proc. ISSTT, 2009 
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Measurements of Waveguide Repeatability 

•  Perform a one-port calibration, with the last 
standard being a load 

•  Before disconnection the trace will show the 
system noise floor 
–  Calibration corrects for load & interface 

imperfections 
•  Disconnecting and reconnecting the load will 

randomizes the interface alignment 
–  Allows a direct measurement of load repeatability 

•  Disconnect and reconnect the load multiple 
times to gather statistics 
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Interface Repeatability at WM-380 

July 2012 

J.L. Hesler, Virginia Diodes Slide 41 

System Noise Floor 

Li, 79th ARFTG, Montreal, 2012 

10 reconnections 
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Interface Repeatability at WM-380 
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Li, 79th ARFTG, Montreal, 2012 
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Interface Repeatability at WM-380 
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Li, 79th ARFTG, Montreal, 2012 

“A1” Design Ring-Centered Design 
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Interface Repeatability at WM-380 
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Li, 79th ARFTG, Montreal, 2012 

Standard UG-387 Ring-Centered Design 
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Analysis of Interface Misalignment 
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Presented by A.R. Kerr at the June 2012 P1785 Meeting 
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Analysis of Interface Misalignment 
•  Look at maximum interface offset and mismatch at 

WM-250 Band for various interface designs 
•  Work is still underway to reconcile predicted S11 with 

measurements 
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Presented by A.R. Kerr at the June 2012 P1785 Meeting 
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Presented by A.R. Kerr at the June 2012 P1785 Meeting 
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IEEE P1785.2 Current Status 

•  P1785 Meeting at IMS (Montreal 2012) was predominately 
focused in the interface issue 

•  The Workgroup voted unanimously to continue work on a 
single interface encompassing the “A1” and Ring-Flange 
designs 
–  A subcommittee will continue work on the interface details 

before the next P1785 meeting in November 2012 
•  The Lau-Denning Interface was also approved for further 

study 
–  A new variant of the interface was presented at the 

Workgroup 
•  RF test results and further analysis are needed 
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Part 3: IEEE P1785.3 

•  P1785.3: Recommendations for 
Interface Performance and Uncertainty 
Specifications 
– Part 3 was added relatively recently 

•  Based upon experience gained during analysis 
of the different interface designs 
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Part 3: IEEE P1785.3 

•  The goal of Part 3 is to provide a minimum 
amount of information that should be 
provided by a manufacturer so that the 
End User can perform a complete 
uncertainty analysis of a measurement 

•  Dylan Williams (NIST-Boulder) has been 
developing a waveguide interface 
calculator 
– To eventually appear on the web at: 

•  www.boulder.nist.gov/dylan 
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Rectangular-Waveguide Uncertainty Calculator 
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www.boulder.nist.gov/dylan 
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www.boulder.nist.gov/dylan 
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www.boulder.nist.gov/dylan 
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www.boulder.nist.gov/dylan 
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IEEE P1785 Workgroup 
•  Standard for Rectangular Metallic Waveguides and 

Their Interfaces for Frequencies of 110 GHz and 
Above 

•  Part 1: Define waveguide dimensions and 
associated frequency bands 
–  Passed sponsor ballot, recirculation vote next 

•  Part 2: Define waveguide interfaces (i.e. flanges) 
–  The detailed design of two interfaces are being worked 

on for potential inclusion in the standard 
•  Part 3: Recommendations for Interface 

Performance and Uncertainty Specifications 
–  In relatively early stages 
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Future Research 

•  Improved interfaces for use at > 1 THz 
– Current interfaces have usable performance at 

1 THz performance 
•  However, interface is still a limiting factor 

– What about measurements at (e.g.) 2 THz? 
•  Current interface designs are large 

compared with waveguide 
– Options for ultra-miniature interface 

•  Manufacturing – reduced cost 
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