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WAVEGUIDE COMPONENT FOR HIGH 
FREQUENCY TESTING 

BACKGROUND OF THE INVENTION 

[ 0001 ] Radio Frequency ( RF ) engineering involves the 
design and testing of devices that produce or utilize signals 
within the radio band , a frequency range that extends from 
approximately 20 kilohertz ( kHz ) up to 300 gigahertz 
( GHz ) . In RF engineering , waveguides are structures ( typi 
cally hollow conductive pipes ) that are utilized to guide and 
transmit electromagnetic waves with minimal loss of energy 
by restricting the transmission of energy to one direction . 
Waveguide flanges , which are also utilized in RF engineer 
ing , are connectors for joining waveguide sections . Wave 
guide flanges have many uses , including connecting RF 
devices under test ( DUTs ) to RF testing equipment . In many 
scenarios , attaching a waveguide flange to a DUT involves 
cumbersome and time - consuming physical manipulation . 
This can result in measurements that are inconsistent and 
difficult to reproduce . Thus , it would be beneficial to develop 
techniques directed toward improving connection of wave 
guide sections . 

BRIEF DESCRIPTION OF THE DRAWINGS 

a 

[ 0002 ] Various embodiments of the invention are dis 
closed in the following detailed description and the accom 
panying drawings . 
[ 0003 ] FIG . 1 is a block diagram illustrating an embodi 
ment of a system for performing high frequency testing . 
[ 0004 ] FIG . 2a is a diagram illustrating an embodiment of 
a waveguide component for coupling testing equipment to a 
device under test . 
[ 0005 ] FIG . 2b is a diagram depicting a zoomed in view of 
a portion of the embodiment of the waveguide component 
shown in FIG . 2a . 
[ 0006 ] FIG . 2c is a diagram illustrating an example of a 
pin structure in some embodiments of the waveguide com 
ponent shown in FIG . 2a . 
[ 0007 ] FIG . 2d is a diagram depicting various views of the 
embodiment of the waveguide component shown in FIG . 2a . 
[ 0008 ] FIGS . 3a - 3d are diagrams depicting various views 
of an embodiment of a system incorporating waveguide 
components configured for rapid high frequency testing . 
[ 0009 ] FIGS . 4a - 4b are diagrams depicting various views 
of an embodiment of a system with multi - axis movement 
capability incorporating waveguide components configured 
for rapid high frequency testing . 
[ 0010 ] FIGS . 5a - 5c are diagrams depicting various mea 
surement positions utilizing an embodiment of a high fre 
quency testing system with multi - axis movement capability . 
[ 0011 ] FIGS . 6a - 6b are diagrams depicting various views 
of an embodiment of a system with motorized multi - axis 
movement capability incorporating waveguide components 
configured for rapid high frequency testing . 
[ 0012 ] FIG . 7 is a flow chart illustrating an embodiment of 
a process for performing measurements on a device . 

tions stored on and / or provided by a memory coupled to the 
processor . In this specification , these implementations , or 
any other form that the invention may take , may be referred 
to as techniques . In general , the order of the steps of 
disclosed processes may be altered within the scope of the 
invention . Unless stated otherwise , a component such as a 
processor or a memory described as being configured to 
perform a task may be implemented as a general component 
that is temporarily configured to perform the task at a given 
time or a specific component that is manufactured to per 
form the task . As used herein , the term “ processor ' refers to 
one or more devices , circuits , and / or processing cores con 
figured to process data , such as computer program instruc 
tions . 

[ 0014 ] A detailed description of one or more embodiments 
of the invention is provided below along with accompanying 
figures that illustrate the principles of the invention . The 
invention is described in connection with such embodi 
ments , but the invention is not limited to any embodiment . 
The scope of the invention is limited only by the claims and 
the invention encompasses numerous alternatives , modifi 
cations and equivalents . Numerous specific details are set 
forth in the following description in order to provide a 
thorough understanding of the invention . These details are 
provided for the purpose of example and the invention may 
be practiced according to the claims without some or all of 
these specific details . For the purpose of clarity , technical 
material that is known in the technical fields related to the 
invention has not been described in detail so that the 
invention is not unnecessarily obscured . 
[ 0015 ] A waveguide interface is disclosed . The disclosed 
waveguide interface comprises : an inner boundary region 
extending peripherally around a cavity , a recessed region 
extending peripherally around the inner boundary region , 
and a plurality of protrusions extending from the recessed 
region . The disclosed waveguide interface is a part of a 
disclosed waveguide component . A practical and techno 
logical advantage of the disclosed waveguide component 
over conventional waveguide components used in high 
frequency device testing is that the disclosed waveguide 
component can be used to perform faster measurements 
because fastening devices under test ( DUT ) , e.g. , with 
screws , is not required . Good electromagnetic wave trans 
mission can be maintained to minimize leakage and losses 
that degrade circuit performance without tightly and care 
fully fastening the disclosed waveguide component to a 
DUT . Avoiding time consuming fastening , especially when 
performing repeated measurements on multi - port devices , 
facilitates rapid and high - throughput measurement of RF 
devices . The disclosed waveguide component allows for 
fast , accurate , and reliable measurements at millimeter - wave 
( mmW ) and terahertz ( THz ) frequencies . 
[ 0016 ] Conventional waveguide connections are realized 
using fastening or clamping hardware . The quality and 
consistency of connections can have a large impact on 
measurement results and data accuracy , particularly when 
the required frequency reaches mmW and THz ranges . 
Additionally , frequently attaching and detaching wave 
guides degrades quality and performance of the waveguide 
interfaces and slows down testing , which can be detrimental 
in areas where accuracy and speed are both critical . The 
disclosed waveguide component overcomes these limita 
tions and drawbacks and allows reliable and repeatable 
waveguide connections without physical contact ( e.g. , 

a 

DETAILED DESCRIPTION 

[ 0013 ] The invention can be implemented in numerous 
ways , including as a process ; an apparatus ; a system ; a 
composition of matter ; a computer program product embod 
ied on a computer readable storage medium ; and / or a 
processor , such as a processor configured to execute instruc 
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secured by fastening and clamping hardware ) being neces 
sary . In some embodiments , the disclosed waveguide com 
ponent is incorporated into a mmW or THz test setup , for 
example with vector network analyzer ( VNA ) extenders . In 
such a setup , connections are made simply and easily . This 
improves waveguide test setup life span , connection accu 
racy , reduces calibration uncertainty , and helps reduce test 
ing time significantly . The disclosed waveguide component 
can eliminate the mechanical stress needed to physically 
connect a waveguide flange and avoid or reduce measure 
ment errors and uncertainties due to misalignment . This is 
particularly important at higher frequencies from V band ( 50 
GHz ) and up and through the THz frequency range . When 
implemented in test setups , such as VNA extender test 
systems , additional benefits include reduction of connection 
and alignment time , elimination of wear and tear , and overall 
improved measurement accuracy . 
[ 0017 ] Waveguide components refer to devices associated 
with the design , manufacturing , testing , and / or utilization of 
waveguides . There are many types of waveguide compo 
nents . Examples of waveguide components include wave 
guides , various types of waveguide connection / attachment 
components , waveguide amplifiers / attenuators , various 
other physical apparatuses that attach to waveguide sections , 
and various other mechanical and / or electrical components . 
In many scenarios , waveguide sections need to be coupled 
using a waveguide component . As used herein , these cou 
pling waveguide components may be referred to as wave 
guide connectors , waveguide couplers , waveguide transi 
tions , waveguide flanges , waveguide straights , waveguide 
bends , waveguide twists , or other terms . In various embodi 
ments , a waveguide component is utilized to couple micro 
wave frequency testing equipment to a DUT . As used herein 
with respect to the disclosed waveguide component , the 
terms " couple " , " coupling " , " connect " , " connecting " , " con 
nection ” , and so forth refer to guiding and transmitting 
electromagnetic waves from a first waveguide section ( e.g. , 
a waveguide section of testing equipment ) to a second 
waveguide section ( e.g. , a waveguide section of a DUT ) . 
These terms do not imply a physical connection . For 
example , the disclosed waveguide component is not neces 
sarily in physical contact with the first and / or second wave 
guide sections ( e.g. , not necessarily in physical contact with 
the testing equipment and / or the DUT ) . Electromagnetic 
waves can be guided and transmitted from testing equipment 
to a device under test via a waveguide component without 
the waveguide component being in physical contact with the 
testing equipment and / or the device under test . In this 
context , the waveguide component still couples / connects the 
testing equipment to the device under test even without 
physical contact . Stated alternatively , coupling / connecting 
can refer to maintaining transmission of electromagnetic 

m 

electromagnetic waves with minimal loss of energy by 
restricting the transmission of energy to one direction . As 
used herein , high frequency testing includes testing and 
measuring of components at microwave and millimeter 
wave frequency ranges as well as in the terahertz frequency 
range . 
[ 0019 ] FIG . 1 is a block diagram illustrating an embodi 
ment of a system for performing high frequency testing . In 
system 100 , device under test 102 is connected by wave 
guide component 104 to testing equipment 106. Examples of 
device under test 102 include antennas , amplifiers , fre 
quency converters , switches , attenuators , filters , oscillators , 
or any other type of component for which testing is desired . 
In various embodiments , testing includes measurement of 
device gain and / or loss and return loss as a function of 
frequency or characterization of other device electronic 
properties . Examples of properties that may be measured 
include S - parameters , Y - parameters , Z - parameters , H - pa 
rameters , various types of gains / losses and return losses 
associated with microwave frequency and other devices , and 
so forth . In various embodiments , device under test 102 
includes a waveguide section configured to allow high 
frequency signals to be received from other waveguide 
sections with minimal loss of energy . Stated alternatively , in 
various embodiments , device under test 102 includes a 
waveguide port as an interface to waveguide component 
104. The waveguide section of device under test 102 can be 
of various types . Examples of waveguide types include 
rectangular waveguides , circular waveguides , elliptical 
waveguides , single - ridge waveguides , double - ridge wave 
guides , or any other type of waveguide . 
[ 0020 ] Conventionally , measuring high frequency wave 
guide - based systems necessitates the physical interconnec 
tion of components commonly through the usage of standard 
waveguide flanges and screws . A problem with high - fre 
quency devices is that there is a strict mechanical require 
ment on good electrical contact between waveguide flanges 
and therefore the waveguide flanges must be tightly con 
nected to each other to avoid mechanically induced interface 
mismatch . Gaps between the mating flanges lead to power 
leakage and poor return loss causing unreliable and inaccu 
rate measurements . Additionally , frequently attaching and 
detaching the waveguides degrades quality and performance 
of the interfaces of the waveguide component and DUT and 
slows down testing , which can be detrimental in areas where 
speed is a priority . Thus , conventionally , a waveguide flange 
is oftentimes used to connect device under test 102 to testing 
equipment 106 , thus requiring precise physical contact . As 
described in further detail herein , the disclosed waveguide 
component does not require physical contact . Thus , the 
disclosed waveguide component may be referred to as a 
contactless waveguide flange . 
[ 0021 ] In various embodiments , waveguide component 
104 includes a waveguide section to match the waveguide 
section of device under test 102. For example , waveguide 
component 104 may include a rectangular waveguide to 
interface with a rectangular waveguide of device under test 
102. Stated alternatively , in various embodiments , a wave 
guide port of waveguide component 104 interfaces with a 
waveguide port of device under test 102. In various embodi 
ments , waveguide component 104 also includes another 
waveguide port on an opposite end to interface with testing 
equipment 106. In various embodiments , testing equipment 
106 transmits measurement signals via a waveguide . In high 

waves . 

[ 0018 ] Waveguides are commonly used transmission 
media in modern microwave and millimeter wave compo 
nents , sub - assemblies , and systems . As used herein , micro 
wave refers to an electromagnetic frequency range that 
extends from approximately 300 MHz up to 30 GHz , and 
millimeter wave from approximately 30 GHz to 300 GHz . 
As used herein , RF includes these frequency ranges . The 
disclosed waveguide component may also be utilized in the 
terahertz regions , which is typically defined as 0.3 to 30 
THz . As used herein , a waveguide refers to a structure ( e.g. , 
a hollow conductive metal pipe ) that guides and transmits 
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a frequency testing scenarios , waveguides are utilized in the 
entire signal transmission pathway from testing equipment 
106 to device under test 102 to minimize energy loss . As 
described in further detail herein ( e.g. , see FIG . 2 ) , in 
various embodiments , waveguide component 104 includes a 
body , wherein the body includes an interface configured to 
face toward a waveguide opening ( e.g. , waveguide opening 
of a device under test ) , and a cavity within the body ( e.g. , 
hollow portion of a waveguide ) , wherein an end of the cavity 
terminates at the interface . In various embodiments , the 
interface includes an inner boundary surface surrounding the 
end of the cavity , a plurality of elements ( e.g. , pin - like 
structures ) in a concentric arrangement surrounding the 
inner boundary surface , and an outer boundary surface 
surrounding the plurality of elements . The interface can also 
include holes for alignment pins and mounting screws . 
Mounting holes for screws to fasten to device under test 102 
are not strictly necessary because , in various embodiments , 
waveguide component 104 can operate without being in 
physical contact with device under test 102. Alignment pins 
are also not strictly necessary because , as described in 
further detail herein , automated alignment may be utilized to 
align a device under test with waveguide component 104 . 
[ 0022 ] In some embodiments , testing equipment 106 
includes a network analyzer or a portion of a network 
analyzer . A network analyzer refers to an instrument that 
measures network parameters of microwave , millimeter 
wave , or THz networks . A common type of network analyzer 
is a vector network analyzer ( VNA ) . In some embodiments , 
waveguide component 104 is physically attached to an 
extender component of a network analyzer . In this configu 
ration , waveguide module 104 is physically fastened ( e.g. , 
using screws ) to the microwave , millimeter wave , or THz 
extender component ( e.g. , a VNA extender ) . As described in 
further detail herein , in various embodiments , testing equip 
ment 106 also includes a rail along which waveguide 
component 104 can slide to interface with device under test 
102. The block diagram shown in FIG . 1 illustrate logical 
connections between device under test 102 , waveguide 
component 104 , and testing equipment 106. In various 
physical implementations , device under test 102 is con 
nected to two instances of waveguide component 104 on 
opposing ends of device under test 102. Furthermore , in 
various embodiments , testing equipment 106 comprises a 
testing setup that includes multiple extender components of 
a network analyzer and a rail system that may be automated . 
[ 0023 ] FIG . 2a is a diagram illustrating an embodiment of 
a waveguide component for coupling testing equipment to a 
device under test . In some embodiments , waveguide com 
ponent 200 is waveguide component 104 of FIG . 1. In the 
example illustrated , waveguide component 200 includes 
body 202 and ends 204 and 206. Body 202 includes a 
waveguide extending from end 204 to end 206. The wave 
guide comprises cavity 216 , which extends from end 204 to 
end 206. The waveguide also comprises at least a thin layer 
of a conductive material surrounding cavity 216 that guides 
electromagnetic waves . In some embodiments , the conduc 
tive material is a copper alloy ( e.g. , beryllium copper ) . It is 
also possible to utilize brass , silver , aluminum , or other 
metals with low bulk resistivity . In some embodiments , ends 
204 and 206 are constructed at least in part with brass . Other 
metals are also possible . In some embodiments , the exterior 
of body 202 and ends 204 and 206 are plated with gold . 

[ 0024 ] In the example illustrated , each end includes a face 
with various features . Face 208 is the face of end 206. Face 
208 functions as an interface configured to face toward a 
waveguide opening of another component . Thus , face 208 or 
a portion thereof may also be referred to as a waveguide 
interface . For example , face 208 can face toward a DUT and 
the face of end 204 can face toward testing equipment . Thus , 
waveguide component 200 can be utilized to connect a DUT 
( e.g. , device under test 102 of FIG . 1 ) and testing equipment 
( e.g. , testing equipment 106 of FIG . 1 ) . Face 208 also 
includes an end of cavity 216. Cavity 216 terminates at one 
end at face 208. In the example illustrated , ends 204 and 206 
include two sets of holes on each face . Specifically , in the 
example shown , four smaller holes , an example of which is 
hole 210 , and four larger holes , an example of which is hole 
214 , are located on each face . 
[ 0025 ] Alignment pins , an example of which is alignment 
pin 212 , may be inserted into the smaller holes . Alignment 
pins may be utilized to aid in placing waveguide component 
200 in a reproducible position with respect to DUTs and 
testing equipment as DUTs are swapped in and out . Align 
ment pins , and the smaller holes as well , are not strictly 
required for operation of waveguide component 200. For 
example , alignment pins on face 208 may not be required 
when utilizing an automated ( e.g. , motorized ) positioning 
system that precisely and reproducibly positions waveguide 
component 200 next to a DUT . Alignment pins , though , may 
still be useful to aid with alignment even with an automated 
positioning system ( e.g. , to confirm proper alignment ) . 
Alignment pins may also prevent a DUT from falling if no 
other component ( e.g. , a DUT holder ) is used to hold up the 
DUT and no other component of waveguide 200 is in 
physical contact with the DUT ( e.g. , no use of mounting 
screws ) . 
[ 0026 ] Mounting screws ( also referred to as fastening 
screws ) may be threaded through the larger holes ( e.g. , hole 
214 ) to fasten waveguide component 200 to a DUT and / or 
testing equipment . Mounting screws , and thus holes for 
mounting screws , are also not strictly required on face 208 
because waveguide component 200 does not need to be 
physically touching a DUT . Not using mounting screws on 
face 208 has the advantage of avoiding cumbersome and 
time - consuming physical manipulation to fasten and unfas 
ten waveguide component 200 to DUTs . Mounting screws 
may be necessary on the end facing testing equipment in 
order to fasten waveguide 200 to testing equipment . Often 
times , there is no disadvantage to using mounting screws on 
the end facing testing equipment because waveguide com 
ponent 200 rarely needs to be detached from testing equip 
ment when testing DUTs . Also shown in the example 
illustrated is anti - cocking ring 218 to prevent cocking when 
fastening waveguide component 200 to a DUT with mount 
ing screws . Cocking refers to tilting / turning of one wave 
guide component with respect to another waveguide com 
ponent , resulting in a gap between the waveguide 
components , caused by tightening of mounting screws used 
to fasten the two waveguide components together . Anti 
cocking ring 218 on face 208 is not strictly required , 
particularly when no mounting screws are used . By elimi 
nating the need for screws , measurements on DUTs can be 
performed faster because only alignment ( e.g. , with align 
ment pins or using other techniques ) is required . 
[ 0027 ] In some embodiments , holes for alignment pins 
and mounting screws are included on both faces even if 

a 

a 
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alignment pins and / or mounting screws are not necessary to 
connect to a DUT . An advantage of doing so is to preserve 
symmetry so that both ends can be used interchangeably to 
connect to testing equipment that may require alignment 
pins and / or mounting screws . Preserving symmetry can also make manufacturing of waveguide component 200 simpler 
and more reproducible . Holes for alignment pins and / or 
mounting screws may also be included to conform to 
waveguide flange standards . Mounting screws may be 
included on both faces to allow for physical connection and 
fastening if desired . In some embodiments , end 204 is 
identical to end 206. In the example shown , face 208 also 
has various other features , including an inner boundary 
surface surrounding the end of cavity 216 , a plurality of 
pin - like elements in a concentric arrangement surrounding 
the inner boundary surface , and an outer boundary surface 
surrounding the plurality of pin - like elements , that are 
shown in region 220 ( indicated with dashed lines ) . A 
zoomed - in view of region 220 is shown in FIG . 2b and the 
above features in region 220 are described below . 
[ 0028 ] FIG . 2b is a diagram depicting a zoomed in view of 
a portion of the embodiment of the waveguide component 
shown in FIG . 2a . FIG . 2b shows a zoomed - in view of 
region 220 from FIG . 2a . FIG . 2b shows a portion of face 
208 of FIG . 2a . In the example illustrated , inner boundary 
surface 222 surrounds cavity 216 , two rings of pin - like 
elements ( an example of which is pin 224 ) surround inner 
boundary surface 222 , and outer boundary surface 226 
surrounds the rings of pin - like elements . In the example 
illustrated , inner boundary surface 222 is an inner boundary 
region that extends peripherally around cavity 216 , the 
pin - like elements occupy a recessed region extending 
peripherally around the inner boundary region , the pin - like 
elements are protrusions extending from the recessed region , 
and outer boundary surface 222 is an outer boundary region 
that extends peripherally around the recessed region . The 
pin - like elements can also be described as pin - shaped , 
column - like , column - shaped , rectangular column - shaped , 
etc. In some embodiments , the components shown ( the 
boundary surfaces and the pin / column elements ) are fabri 
cated with computer numerical control ( CNC ) milling . For 
example , a CNC machine can cut and excavate three con 
centric grooves in an area of face 108 surrounding cavity 
216. This defines and forms inner boundary surface 222 
around cavity 216. Then , the CNC machine can cut and 
excavate radially outward from inner boundary surface 222 
to outer boundary surface 226. This defines and forms two 
rings of pin - like structures as shown in FIG . 2b . With this 
form of manufacturing ( cutting radially outward ) , the pins in 
the outer ring and the pins in the inner ring will be slightly 
different sizes . This difference decreases as the number of 
pins increases . It is also possible to create equal - sized pins 
by programming the CNC machine with instructions to 
create equal - sized pins . 
[ 0029 ] In various embodiments , the end of cavity 216 , 
inner boundary surface 222 , each pin - like element / structure 
( including pin 224 ) , and outer boundary surface 226 are 
substantially level with one another . These elements can be 
considered substantially level with one another if they are 
not offset with respect to one another by more than 20 % of 
the height of the pin - like elements . Thus , if a DUT facing 
face 208 of waveguide component 200 is physically in 
contact with face 208 , the DUT would be flush with the end 
of cavity 216 , inner boundary surface 222 , each pin - like 

element / structure ( including pin 224 ) , and outer boundary 
surface 226. Furthermore , if there is a gap between the DUT 
and face 208 , the gap distance from the DUT to the end of 
cavity 216 , inner boundary surface 222 , each pin - like ele 
ment / structure ( including pin 224 ) , and outer boundary 
surface 226 would be the same distance . The end of cavity 
216 , inner boundary surface 222 , each pin - like element / 
structure ( including pin 224 ) , and outer boundary surface 
226 can also be substantially level with face 208. These 
elements can be considered substantially level with face 208 
if they are not offset with respect to face 208 by more than 
20 % of the height of the pin - like elements . Shapes other than 
pin / column shapes may also be utilized . In general , it is 
possible to use various shaped repeating , discrete elements 
with gaps between elements to populate the space between 
inner boundary surface area 222 and outer boundary surface 
area 226. The effect of the number of elements ( e.g. , pins ) 
and the number of rings of those elements on electromag 
netic performance can be simulated using electromagnetic 
simulation tools , such as HFSS ( High Frequency Structure 
Simulator ) and CST ( Computer Simulation Technology ) . An 
additional consideration for the number of elements ( e.g. , 
pins ) is manufacturing ease and strength of the elements . 
Typically , fewer elements result in stronger elements that are 
easier to manufacture . In the example shown , there are two 
rings of 18 pin - like elements . Other arrangements are also 
possible ( e.g. , 14 , 15 , 16 elements per ring , three rings of 
elements , etc. ) . The number of rings can vary from three to 
five or more depending on the available space on face 208 . 
Increasing the number of rings improves return loss . How 
ever , in many scenarios , increasing the number of rings also 
increases manufacturing cost . 
[ 0030 ] Example thicknesses for inner boundary surface 
222 and outer boundary surface 226 are as follows : 14 mil 
( 1 mil = 1 thousandth of an inch ) thickness for the short walls 
of inner boundary surface 222 , wherein the short walls 
correspond to the shorter dimension of cavity 216 , 45 mil 
thickness for the long walls of inner boundary surface 222 , 
wherein the long walls correspond to the longer dimension 
of vity 216 , and 47 mil thickness for outer boundary 
surface 226. A consideration for the thickness of outer 
boundary surface 226 is selecting a large enough thickness 
to protect the surfaces of the pin - like elements from contact 
damage . The protection is proportional to the ratio of surface 
area of non - pin element surface area to pin element surface 
area . 

[ 0031 ] In various embodiments , the depth of the grooves 
defining the pin - like elements is selected to be close to 

ag 
4 

where , is a guided wavelength corresponding to the 
waveguide comprised of cavity 216 operating at a desired 
center frequency . Stated alternatively , in various embodi 
ments , each groove depth is approximately a quarter of the 
guided wavelength at the desired operating frequency . In 
various embodiments , waveguide component 200 is config 
ured to operate in a range of frequencies centered at a 
desired center frequency . The range of frequencies spans at 
least several GHz and can span several tens of GHz or more . 
The guided wavelength à , is different from ( longer than ) the 8 
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corresponding wavelength in air , which is referred to as 1o . 
The selection of the groove depth to be 

Decreasing gap g typically improves performance ( e.g. , 
increases operating bandwidth ) . When gap g = 0 , a wave 
guide component comprised of a plurality of pin - like struc 
tures is in physical contact with the DUT . Pitch p corre 
sponds to distance between pins . The distance between pins 
as well as pin width affect stopband performance . In various 
embodiments , the width of the pin is selected to be less than 

?g 
4 

is in accordance with choke flange theoretical principles . 
Each groove can be referred to as a choke ring . In various 
embodiments , a choke ring is also selected approximately to 
be a distance of 

lo 
8 

and the pitch less than 
?g 
???? 

lo 
4 from cavity 216 along the longer dimension of cavity 216 . 

Stated alternatively , in various embodiments , the thickness 
of the long walls of inner boundary surface 222 are selected 
to be approximately 

The smaller the width and the pitch the better the perfor 
mance . Stopband performance is also affected by pin height 
( stopband moves to lower frequencies as pin height 
increases ) and gap g . The effects of modifying various 
parameters can be determined using electromagnetic simu 
lation tools , such as HFSS and CST . Waveguide component 
200 operates effectively when it is not in contact with the 
DUT and at a distance of less than 

+ lost 

?? 
+ 4 

The short walls are thinner , which is associated with 
increased operational bandwidth . 
[ 0032 ] The surface of a DUT and the surface of the 
disclosed waveguide component facing the DUT can be 
considered similar to two parallel metal plates . The example 
illustrated is in accordance with gap waveguide theoretical 
principles in which , if a perfect magnetic conductor ( PMC ) 
plate and a perfect electric conductor ( PEC ) plate are placed 
such that they are parallel to each other and the distance 
between the two plates is less than 

?? 
4 

( where 2o is the wavelength of the operating frequency in 
air ) , a cut - off condition is created and no parallel plate 
modes will propagate between the plates . The pin surface in 
the example illustrated forms a high impedance surface that 
creates a parallel - plate cut - off to reduce loss and reflection . 
For design and simulation purposes , the plurality of pin - like 
elements can be considered an array of repeating unit 
elements , an example of which is shown in FIG . 2c . 
[ 0033 ] FIG . 2c is a diagram illustrating an example of a 
pin structure in some embodiments of the waveguide com 
ponent shown in FIG . 2a . The example illustrated has the 
following parameters : gap ( g ) 230 , height ( df ) 232 , width ( a ) 
234 , and pitch ( p ) 236. Example dimensions at an approxi 
mate center frequency of 75 GHz are as follows : g = 3 mils , 
d = 35 mils , a = 15 mils , p = 25 mils . Gap g corresponds to the 
distance between the pin structure and a DUT during con 
tactless operation . In accordance with gap waveguide theo 
retical principles , gap g should be kept less than 

from the DUT . Waveguide component 200 also operates 
effectively when the distance is zero . Stated alternatively , 
waveguide component 200 also operates effectively when it 
is in physical contact with the DUT and / or testing equip 
ment . This property of operating effectively whether or not 
there is physical contact is a technological advantage of 
waveguide component 200. It solves the problem of unstable 
and inaccurate measurements caused by loose connections 
that result in intermittent physical contact . The disclosed 
waveguide component may be utilized in various frequency 
bands ( e.g. , WR - 42 , WR - 28 , WR - 22 , WR - 19 , WR - 15 , 
WR - 12 , WR - 10 , WR - 08 , WR - 06 , and WR - 05 covering 
frequencies from 18 to 220 GHz ) . It can also be utilized in 
other bands as well because the structures disclosed herein 
are not limiting to any specific frequency band . For different 
frequency bands , various parameters of waveguide compo 
nent 200 can be adjusted to optimize performance . For 
example , the arrangement and sizes of the pin - like elements 
can be adjusted and designed using electromagnetic simu 
lation tools . 
[ 0034 ] FIG . 2d is a diagram depicting various views of the 
embodiment of the waveguide component shown in FIG . 2a . 
View 240 shows a first face and end . View 242 is a side view . 
View 244 shows the other face and end . View 246 is a view 
of cross section 248 in view 242. View 252 is a zoomed - in 
view of region 250 in view 246. Cavity 216 from FIGS . 
2a - 2b is visible in views 240 , 244 , 246 , and 252 and is 
labelled . In views 240 and 244 , various features surrounding 
cavity 216 ( including boundary surfaces , two concentric 
rings of elements , alignment holes , and mounting holes ) are 
also visible . Alignment pins are visible in view 242. Cavity 
216 extending from one end of the waveguide component to 
the other is apparent in view 246 . 

a 

?? 
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[ 0035 ] FIGS . 3a - 3d are diagrams depicting various views 
of an embodiment of a system incorporating waveguide 
components configured for rapid high frequency testing . As 
shown in FIG . 3a , in system 300 , millimeter wave VNA 
extenders are mounted and slide along rail 306. The VNA 
extenders can also be microwave , THz , etc. VNA extenders . 
As used herein , VNA extenders can refer to any type of 
network analyzer component in any frequency range ( e.g. , 
microwave , millimeter wave , THz , and so forth ) . Waveguide 
components 308 and 310 are attached to VNA extenders 302 
and 304 , respectively . In some embodiments , waveguide 
component 308 and / or waveguide component 310 is wave 
guide component 104 of FIG . 1. In some embodiments , 
waveguide component 308 and / or waveguide component 
310 is waveguide component 200 of FIG . 2a . In various 
embodiments , a DUT is placed between waveguide compo 
nents 308 and 310. In some embodiments , the DUT is device 
under test 102 of FIG . 1. In various embodiments , the DUT 
does not need to be in physical contact with any part of the 
components shown in FIG . 3a . This is because waveguide 
components 308 and 310 can have good electrical contact 
with the DUT without being in physical contact . The DUT 
may be held in an apparatus ( not shown ) ( e.g. , suspended in 
between waveguide components 308 and 310 ) so that the 
DUT can be swapped in and held and waveguide compo 
nents 308 and 310 are able to be slid against the DUT . In 
some embodiments , the DUT is held up by alignment pins 
of waveguide components 308 and 310 . 
[ 0036 ] To test a DUT when physical contact is required 
involves many manual adjustments ( with screws , etc. ) to 
align conventional waveguide components with the DUT , 
which is time - consuming . Another problem is that measure 
ments change ( are not stable ) when the testing setup is 
moved . When physical contact is required , a gap between a 
waveguide connector and the DUT alters measurement 
results . Mounting screws also scratch the DUT and mea 
surements change over time due to wear and tear on the 
screws altering the testing setup . The waveguide component 
disclosed herein addresses these problems . The waveguide 
component can be utilized in one of the testing setups 
disclosed herein ( e.g. , system 300 ) for high - throughput 
testing . 
[ 0037 ] System 300 is an embodiment of a testing setup in 
which DUTs are manually placed . As described in further 
detail below , in other embodiments , the testing setup is fully 
automated . In an automated setup , the lengths of waveguide 
components can be made shorter because no working dis 
tance for human hands to manually position a DUT is 
needed . In the example shown , using a rail allows for faster 
measurements as the waveguide components can be quickly 
slid in and out . 
[ 0038 ] FIG . 3b shows a zoomed - in view of system 300. In 
the view of FIG . 3b , VNA extender 302 , rail 306 , and 
waveguide components 308 and 310 are visible . The face of 
waveguide component 308 is visible . FIG . 3c shows a side 
view of system 300. In the view of FIG . 3c , VNA extenders 
302 and 304 , rail 306 , and waveguide component 308 and 
310 are visible . FIG . 3d shows an exploded view of system 
300. In the view of FIG . 3d , VNA extenders 302 and 304 , 
rail 306 , and waveguide component 308 and 310 are once 
again visible . Furthermore , the example shown illustrates 
fastening of VNA extenders 302 and 304 to mounting plates 
312 and 314 , respectively , with screws . In the example 
shown , mounting plate 312 is fastened to sliders 316 and 318 

with screws . In the example shown , mounting plate 314 is 
fastened to sliders 320 and 322 with screws . In the example 
shown , rail 306 comprises two tracks along which sliders 
316 , 318 , 320 , and 322 are able to move . Thus , in the 
example shown , rail 306 comprises two tracks along which 
VNA extenders 302 and 304 ( attached to sliders via mount 
ing plates ) can slide back and forth ( using sliders 316 and 
320 for a first track and sliders 318 and 322 for a second 
track ) . As used herein , a rail can include one or more tracks . 
A rail with a single track may be referred to as just a track . 
A single track may also be referred to as a rail . A plurality 
of tracks may be referred to as a rail system . 
[ 0039 ] FIGS . 4a - 4b are diagrams depicting various views 
of an embodiment of a system with multi - axis movement capability incorporating waveguide components configured 
for rapid high frequency testing . In system 400 , as shown in 
FIG . 4a , waveguide components 406 and 408 are attached to 
VNA extenders 402 and 404 , respectively . In some embodi 
ments , waveguide component 406 and / or waveguide com 
ponent 408 is waveguide component 104 of FIG . 1. In some 
embodiments , waveguide component 406 and / or waveguide 
component 408 is waveguide component 200 of FIG . 2a . In 
various embodiments , a DUT is placed between waveguide 
components 406 and 408. In some embodiments , the DUT 
is device under test 102 of FIG . 1. In various embodiments , 
the DUT does not need to be in physical contact with any 
part of the components shown in FIG . 4a . This is because 
waveguide components 406 and 408 can be have good 
electrical contact with the DUT without being in physical 
contact . The DUT may be held in an apparatus ( not shown ) 
( e.g. , suspended in between waveguide components 406 and 
408 ) so that the DUT can be swapped in and held and 
waveguide components 406 and 408 are able to be slid 
against the DUT . In some embodiments , the DUT is held up 
by alignment pins of waveguide components 406 and 408 . 
[ 0040 ] In the example shown , VNA extenders 402 and 404 
are attached to VNA mounting apparatuses 410 and 412 
respectively . System 400 differs from system 300 of FIGS . 
3a - 3d in that system 400 has multi - axis movement capabil 
ity . VNA mounting apparatus 410 moves along tracks 414 
and 416 , which are attached to lower mounting plate 418 . 
Similarly , VNA mounting apparatus 412 moves along track 
420 and 422 , which are attached to lower mounting plate 
424. Thus , the two VNA extenders are able to independently 
move horizontally . They can also rotate ( see FIG . 4b , in 
which the sub - components of VNA mounting apparatuses 
410 and 412 are shown ) . Lower mounting plates 418 and 
424 move along tracks 426 and 428. Thus , the two VNA 
extenders are also able to move vertically . Stated alterna 
tively , utilizing the various tracks shown ( two sets of tracks ) , 
VNA extenders 402 and 404 are able to move independently 
of each other along two orthogonal axes , and , utilizing a 
rotation mechanism shown in FIG . 4b , VNA extenders 402 
and 404 are also able to move independently of each other 
around a third orthogonal axis . In total , the VNA extenders 
are able to move independently in three different directions . 
This freedom of movement allows for various measurement 
positions for a DUT placed between waveguide components 
406 and 408 . 
[ 0041 ] FIG . 4b shows an exploded view of system 400. In 
the example illustrated , VNA extenders 402 and 404 , wave 
guide components 406 and 408 , tracks 414 , 416 , 420 , and 
422 , lower mounting plates 418 and 424 , and tracks 426 and 
428 are the same as shown in FIG . 4a . In FIG . 4b , it can be 

a 
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seen that VNA mounting apparatus 410 is comprised of plate 
430 to which VNA extender 402 and turntable 432 are 
fastened , plate 434 to which turntable 432 and sliders 436 
and 438 are fastened , and turntable 432 positioned in 
between plates 430 and 434. Plate 430 is able to rotate with 
respect to plate 434 ( plate 434 remains stationary ) using 
turntable 432. In some embodiments , turntable 432 com 
prises upper and lower components that rotate with respect 
to each other . These upper and lower components may be 
coupled to each other and slide along a set of bearings . Plate 
434 moves along tracks 414 and 416 via sliders 436 and 438 . 
Analogously , VNA mounting apparatus 412 is comprised of 
plate 440 to which VNA extender 404 and turntable 442 are 
fastened , plate 444 to which turntable 442 and sliders 446 
and 448 are fastened , and turntable 442 positioned in 
between plates 440 and 444. Plate 440 is able to rotate with 
respect to plate 444 ( plate 444 remains stationary ) using 
turntable 442. In various embodiments , turntable 442 
employs the same rotation mechanism as turntable 432 . 
Plate 444 moves along tracks 420 and 422 via sliders 446 
and 448. In the example shown , lower mounting plate 418 
is fastened to sliders 450 and 452 and moves along tracks 
426 and 428 via sliders 450 and 452. In the example shown , 
lower mounting plate 424 is fastened to sliders 454 and 456 
and moves along tracks 426 and 428 via sliders 454 and 456 . 
In the example shown , various components are fastened to 
one another via screws . 
[ 0042 ] FIGS . 5a - 5c are diagrams depicting various mea 
surement positions utilizing an embodiment of a high fre 
quency testing system with multi - axis movement capability . 
In some embodiments , system 400 of FIG . 4a - 4b is utilized 
in the various measurement positions shown . For example , 
in some embodiments , VNA extenders 502 and 504 are 
VNA extenders 402 and 404 of FIGS . 4a - 4b , respectively , 
and waveguide components 506 and 508 are waveguide 
components 406 and 408 of FIGS . 4a - 4b , respectively . As 
illustrated , system 400 of FIGS . 4a - 4b is depicted measuring 
DUT 510. For purposes of clarity , only some of the various 
components in FIGS . 5a - 5c that correspond to system 400 of 
FIGS . 4a - 4b are specifically labelled . FIG . 5a depicts inline 
testing of DUT 510. In this measurement position , wave 
guide components 506 and 508 are coupled to DUT 510 on 
opposing faces of DUT 510 such waveguide components 
506 and 508 and DUT 510 form a line . 
[ 0043 ] FIG . 5b depicts angular testing of DUT 510. In this 
measurement position , waveguide components 506 and 508 
are coupled to DUT 510 on adjacent faces of DUT 510 . 
Angular testing is possible because turntables 512 and 514 
allow VNA extenders 502 and 504 , respectively , to rotate in 
the plane parallel to the various plates shown ( e.g. , mounting 
plates 516 and 518 ) . In some embodiments , turntables 512 
and 514 are turntables 432 and 442 , respectively , of FIG . 4b . 
In some embodiments , mounting plates 516 and 518 are 
lower mounting plates 418 and 424 , respectively , of FIGS . 
4a - 4b . 
[ 0044 ] FIG . 5c depicts offset testing of DUT 520. DUT 
520 has a different shape than DUT 510. In the example 
illustrated , waveguide components 506 and 508 are coupled 
to DUT 520 in an offset arrangement . Specifically , in this 
example , waveguide component 506 is coupled to the center 
of DUT 520 but waveguide component 508 is coupled close 
to an outer edge of DUT 520 ( offset with respect to where 
waveguide component 506 is coupled to DUT 520 ) . Offset 
testing is possible because tracks 522 and 524 allow VNA 

extender 502 to move in a direction perpendicular to the long 
axis of waveguide component 506 and tracks 526 and 528 
allow VNA extender 504 to move in a direction perpendicu 
lar to the long axis of waveguide component 508. In some 
embodiments , tracks 522 and 524 are tracks 414 and 416 , 
respectively of FIGS . 4a - 4b . In some embodiments , tracks 
526 and 528 are tracks 420 and 422 , respectively , of FIGS . 
4a - 4b . 
[ 0045 ] FIGS . 6a - 6b are diagrams depicting various views 
of an embodiment of a system with motorized multi - axis 
movement capability incorporating waveguide components 
configured for rapid high frequency testing . In system 600 , 
as shown in FIG . 6a , waveguide components 606 and 608 
are attached to VNA extenders 602 and 604 , respectively . In 
some embodiments , waveguide component 606 and / or 
waveguide component 608 is waveguide component 104 of 
FIG . 1. In some embodiments , waveguide component 606 
and / or waveguide component 608 is waveguide component 
200 of FIG . 2a . In various embodiments , a DUT is placed 
between waveguide components 606 and 608. In some 
embodiments , the DUT is device under test 102 of FIG . 1 . 
In various embodiments , the DUT does not need to be in 
physical contact with any part of the components shown in 
FIG . 6a . This is because waveguide components 606 and 
608 can have good electrical contact with the DUT without 
being in physical contact . The DUT may be held in an 
apparatus ( not shown ) ( e.g. , suspended in between wave 
guide components 606 and 608 ) so that the DUT can be 
swapped in and held and waveguide components 606 and 
608 are able to be slid against the DUT . In some embodi 
ments , the DUT is held up by alignment pins of waveguide 
components 606 and 608 . 
[ 0046 ] System 600 is similar to system 400 of FIGS . 4a - 4b 
in that each VNA extender and corresponding attached 
waveguide component can move along two orthogonal axes 
and rotate about a third orthogonal axis . System 600 
includes motorized movement . In various embodiments , the 
motorized movement is controlled by a computer or other 
programmable system . In various embodiments , system 600 
includes actuators and computer control to allow for auto 
mated testing of DUTs . In the example illustrated , VNA 
extenders 602 and 604 are attached to VNA mounting 
apparatuses 610 and 612 respectively . As shown in FIG . 6b , 
VNA mounting apparatuses 610 and 612 include motorized 
turntables that allow for rotational movement . VNA 
extender 602 and VNA mounting apparatus 610 move along 
rail component 614 under the power of motor 616 , which 
pushes and pulls VNA extender 602 and VNA mounting 
apparatus 610 along a first axis of movement . Rail compo 
nent 614 and motor 616 are attached to rail component 622 , 
which , under the power of motor 624 , pushes and pulls rail 
component 614 and motor 616 along a second axis of 
movement that is orthogonal to the first axis of movement . 
The rotational movement afforded by VNA mounting appa 
ratus 610 is around an axis orthogonal to the first two axes 
( e.g. , translational movement about x and y axes and rotation y 
about the z - axis in an x - y - z coordinate system ) . Analo 
gously , VNA extender 604 and VNA mounting apparatus 
612 move along rail component 618 under the power of 
motor 620 , which pushes and pulls VNA extender 604 and 
VNA mounting apparatus 612 along the first axis of move 
ment . Rail component 618 and motor 620 are attached to rail 
component 626 , which , under the power of motor 628 , 
pushes and pulls rail component 618 and motor 620 along 

W 
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under test . In some embodiments , aligning the device under 
test is an automated process controlled by a computer or 
other programmable system . 
[ 0050 ] At 704 , the one or more waveguide components are 
moved to be at least in electrical contact with the device 
under test . In various embodiments , the waveguide compo 
nents need not be in physical contact with the device under 
test in order to be in good electrical contact . For example , 
waveguide component 200 of FIG . 2a can operate in a 
contactless mode . In various embodiments , the waveguide 
components are moved to be approximately in physical 
contact with the device under test . In many scenarios , 
physical contact may be momentary and a small gap of space 
develops between the device under test and each waveguide 
component after moving the waveguide components into 
position with the device under test . As described above , the 
small gap does not affect testing performance under pre 
scribed conditions ( e.g. , the gap distance is less than 

a 

?? 
4 

the second axis of movement . Rotational movement 
afforded by VNA mounting apparatus 612 is around the axis 
orthogonal to the first two axes . In some embodiments , a 
robotic arm ( not shown ) moves a DUT into space between 
waveguide components 606 and 608 , automated rail move 
ments slide VNA extenders 602 and 604 ( with waveguide 
components 606 and 608 , respectively ) into place to couple 
to the DUT , testing of the DUT occurs , automated rail 
movements slide VNA extenders 602 and 604 ( with wave 
guide components 606 and 608 , respectively ) away from the 
DUT , and the robotic arm removes the DUT . This process 
can then be repeated for another DUT . Doing so allows for 
rapid , high - throughput testing of DUTs . 
[ 0047 ] FIG . 6b shows an exploded view of system 600 . 
VNA extenders 602 and 604 , waveguide components 606 
and 608 , rail components 614 , 618 , 622 , and 626 , and 
motors 616 , 620 , 624 , and 628 are the same as shown in FIG . 
6a . In FIG . 6b , it can be seen that VNA mounting apparatus 
610 is comprised of upper plate 630 to which VNA extender 
602 and motor - controlled turntable 632 are fastened , lower 
plate 634 to which motor - controlled turntable 632 and rail 
component 614 are fastened , and motor - controlled turntable 
632 positioned in between upper plate 630 and lower plate 
634. Motor - controlled turntable 632 causes upper plate 630 
to rotate with respect to lower plate 634. In various embodi 
ments , the motorized movement of turntable 632 is con 
trolled by a computer or other programmable system . Analo 
gously , VNA mounting apparatus 612 is comprised of upper 
plate 636 to which VNA extender 604 and motor - controlled 
turntable 638 are fastened , lower plate 640 to which motor 
controlled turntable 638 and rail component 618 are fas 
tened , and motor - controlled turntable 638 positioned in 
between upper plate 636 and lower plate 640. Motor 
controlled turntable 638 causes upper plate 636 to rotate 
with respect to lower plate 640. In various embodiments , the 
motorized movement of turntable 638 is controlled by a 
computer or other programmable system . In the example 
shown , movement along the rail components is in the form 
of blocks sliding along cylindrical rods that pass through the 
blocks . Components that move are fastened to the sliding 
blocks . In the example shown , various components are 
fastened to one another via screws . 
[ 0048 ] FIG . 7 is a flow chart illustrating an embodiment of 
a process for performing measurements on a device . In some 
embodiments , the process of FIG . 7 is performed by testing 
equipment 106 of FIG . 1. In some embodiments , the process 
of FIG . 7 is performed by system 300 of FIGS . 3a - 3d . In 
some embodiments , the process of FIG . 7 is performed by 
system 400 of FIGS . 4a - 4b . In some embodiments , the 
process of FIG . 7 is performed by system 600 of FIGS . 
?? - 6b . 
[ 0049 ] At 702 , a device under test is aligned with one or 
more waveguide components . In some embodiments , the 
device under test is device under test 102 of FIG . 1. In 
various embodiments , the device under test is aligned with 
two waveguide components . In some embodiments , at least 
one of the waveguide components is waveguide component 
104 of FIG . 1. In some embodiments , at least one of the 
waveguide components is waveguide component 200 of 
FIG . 2a . In various embodiments , aligning the device under 
test includes positioning the device under test in between the 
waveguide components . In some embodiments , a robotic 
arm places the device under test between the waveguide 
components . It is also possible to manually place the device 

where is the wavelength of the operating frequency in 
air ) . In some embodiments , the waveguide components are 
moved into position with the device under test manually 
( e.g. , with system 300 of FIGS . 3a - 3d or system 400 of 
FIGS . 4a - 4b ) . In some embodiments , the waveguide com 
ponents are moved into position automatically ( e.g. , with 
system 600 of FIGS . 6a - 6b ) under computer guidance . The 
waveguide components may be moved into a measuring 
position in which the waveguide components and the device 
under test form a line ( e.g. , an inline testing position as 
shown in FIG . 5a ) . The waveguide components may also be 
moved into a measurement position in which the waveguide 
components form an angle ( e.g. , a 90 - degree angle ) with the 
device under test ( e.g. , an angular testing position as shown 
in FIG . 5b ) . Other measurement positions are also possible . 
For example , the waveguide components may be moved into 
a measurement position in which the waveguide components 
are not in line with each other but still parallel to each other 
( e.g. , an offset testing position as shown in FIG . 5c ) . Various 
other testing positions are also realizable with multi - axis 
movement capability ( e.g. , with system 400 of FIGS . 4a - 4b 
or system 600 of FIGS . 6a - 6b ) . 
[ 0051 ] At 706 , a measurement is performed on the device 
under test . In various embodiments , performing a measure 
includes utilizing testing equipment to transmit to and 
receive signals from the device under test . The measurement 
is oftentimes associated with a device gain and / or loss at a 
specified frequency or as a function of frequency . Examples 
of properties that may be measured include S - parameters , 
Y - parameters , Z - parameters , H - parameters , various types of 
gains / losses associated with microwave frequency and other 
devices , and so forth . 
[ 0052 ] Although the foregoing embodiments have been 
described in some detail for purposes of clarity of under 
standing , the invention is not limited to the details provided . 
There are many alternative ways of implementing the inven 
tion . The disclosed embodiments are illustrative and not 
restrictive . 
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What is claimed is : 
1. A waveguide interface , comprising : 
an inner boundary region extending peripherally around a 

cavity ; 
a recessed region extending peripherally around the inner 

boundary region ; and 
a plurality of protrusions extending from the recessed 

region . 
2. The waveguide interface of claim 1 , wherein the 

plurality of protrusions is arranged concentrically within the 
recessed region . 

3. The waveguide interface of claim 1 , further comprising 
an outer boundary region extending peripherally around the 
recessed region . 

4. The waveguide interface of claim 1 , further comprising 
at least one hole configured to receive a fastener . 

5. The waveguide interface of claim 1 , further comprising 
at least one hole configured to receive an alignment pin . 

6. The waveguide interface of claim 1 , wherein the 
recessed region has a depth that is a is quarter of a wave 
length of electromagnetic waves guided through the cavity 
at a frequency at which the waveguide interface is config 
ured to operate . 

7. The waveguide interface of claim 1 , wherein a protru 
sion of the plurality of protrusions is shaped like a rectan 
gular column . 

8. The waveguide interface of claim 1 , wherein the 
plurality of protrusions is arranged as a first ring of protru 
sions surrounding the inner boundary region and a second 
ring of protrusions surrounding the first ring of protrusions . 

9. The waveguide interface of claim 1 , wherein at least a 
part of the inner boundary region has a thickness extending 
radially outward from the cavity to the recessed region of a 
quarter of a wavelength of electromagnetic waves guided 
through the cavity at a frequency at which the waveguide 
interface is configured to operate . 

10. The waveguide interface of claim 1 , wherein the 
cavity , the inner boundary region , and the plurality of 
protrusions are substantially level with one another . 

11. A system , comprising : 
a waveguide component that includes a first end , wherein 

the first end includes an interface configured to elec 
trically couple to a device undergoing electronic test 

12. The system of claim 11 , wherein the interface at the 
first end of the waveguide component includes an inner 
boundary region extending peripherally around a cavity , a 
recessed region extending peripherally around the inner 
boundary region , and a plurality of protrusions extending 
from the recessed region . 

13. The system of claim 12 , wherein the device under 
going testing is positioned a distance from the interface at 
the first end of the waveguide component that is less than a 
quarter of a wavelength of electromagnetic waves travelling 
in air at a frequency at which the waveguide interface is 
configured to operate but is not in physical contact with the 
waveguide interface . 

14. The system of claim 11 , wherein the electronic testing 
equipment is an extension is component of a network 
analyzer . 

15. The system of claim 11 , wherein the set of one or more 
tracks is configured to guide the electronic testing equipment 
along a first linear direction . 

16. The system of claim 15 , further comprising an addi 
tional set of one or more tracks configured to guide the 
electronic testing equipment along a second linear direction 
orthogonal to the first linear direction . 

17. The system of claim 15 , wherein movement of the 
electronic testing equipment along the first linear direction is 
actualized by a motor . 

18. The system of claim 15 , wherein movement of the 
electronic testing equipment along the first linear direction is 
at least in part controlled by a computer . 

19. The system of claim 15 , further comprising a turntable 
coupled to the electronic testing equipment that is config 
ured to allow the electronic testing equipment to rotate about 
an axis orthogonal to the first linear direction . 

20. A method , comprising : 
aligning a device under test with a waveguide interface of 

a waveguide component , wherein the waveguide inter 
face includes an inner boundary region extending 
peripherally around a cavity , a recessed region extend 
ing peripherally around the inner boundary region , and 
a plurality of protrusions extending from the recessed 
region ; and 

causing electromagnetic waves to be transmitted from an 
electronic testing equipment through the waveguide 
component to the device under test . 

2 

a 

ing ; and 
a set of one or more tracks configured to couple to an 

electronic testing equipment that is configured to 
couple to a second end of the waveguide component . 


