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Loss of WR10 Waveguide across 70-116 GHz

[. Stil, A.L. Fontana, B. Lefranc, A. Navarrini, Berres, K.F. Schuster

Abstract— The losses of ~1.2 m long WR10 (2.54x1.27 mm?)

rectangular waveguides were measured at room tempeture
across the 70-116 GHz band. Ten different waveguid@odules
were machined in two different materials (Aluminum alloy and
Brass) using different surface roughness (Ra) andifterent split-
block waveguide geometries (E-plane and b-edge) &s establish
the dependency of the losses on the various pararaes.

The measurements of the various units were perforngewith
the IRAM mm-wave Vector Network Analyzer (MVNA) across
the 70-116 GHz single-mode band of the WR10 wavegei.

Index terms---WR10 waveguides, losses, machining, surface
roughness, gold plating.

. WR10WAVEGUIDE MECHANICAL BLOCKS

Ten modules with ~1.2m long WR10 rectangular waigsgu
were fabricated at IRAM: five in Brass (CuzZn39Pb3y five
in 6060 Aluminum AlIMgSi. Each module consists obtaplit
blocks in which the waveguide was machined in andegdng
pattern that fits on a surface of 140x71mmig. 1 shows
photos of some of the assembled units together tiith
internal details of one of the two module halves.
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Fig. 1. Top: six assembled WR10 waveguide moduteg€ in Brass on the
left, three in Aluminium on the right). Bottom: omlisassembled split-block
half showing the ~1.2 m long WR10 waveguide long cu
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A. Different split-block geometries:

Two different WR10 split-block geometries, the Eupd split
and the b-edge split, were adopted for the moduges,
illustrated in Fig. 2.
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Fig. 2. Photo of WR10 waveguide cut adopted on tilie split block
geometries. Geometry 1: along the E-plane (lefgorBetry 2: along the b-
edge (right).

B. Different surface roughness:

The waveguide cuts in each module were fabricatdgua
numerically controlled milling machine (using mauhig
parameter$2=9000 rpm and V=45 mm/min). A conventional
carbide drill as well as a diamond drill were us@dbetter
surface finish is obtained using the diamond tBblotos of the
WR10 waveguide cuts fabricated with the two dribes are

shown in Fig. 3.
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Fig. 3. Left: WR10 waveguide machined with carbidel. Right: WR10
waveguide machined with diamond tool showing thecsfar effect at the
waveguide bottom.

The achieved surface roughness (Ra) was measurék at
bottom of the waveguide cut (narrow side) using an-n
contacting optical laser equipment. The roughndssgathe
waveguide walls (wide side) was not measured. dhsels are
expected to be lower in a smooth waveguide witHfaser
irregularities which are small in comparison to #kén depth.
Assuming an electrical conductivity of 1.38%18/m and of
3.24 x10 S/m for, respectively Brass and Aluminium, the
corresponding skin depths at 100 GHz &g;=0.40 um and
dau=0.28 pm. The measured surface roughness at thenbot
of the waveguides machined with carbide tool webeua
Ra~0.34 um for the Brass modules and about Ra+0m for
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the Aluminum modules, i.e. similar in value to gién depth.
The measured Ra of the waveguides machined witinahd
drill was about 0.04 um in Brass module and abd@@ @m in
Aluminum modules, i.e. one order of magnitude léss the
skin depth.

II. ELECTRICAL MEASUREMENT RESULTS

The S-parameters of the waveguide modules were urezhs
across 70-116 GHz using a Vector Network AnalySéMA)
with WR10 mm-wave extension modules developed aMR
[1]. A photo of the measurement setup is shownign & The
typical uncertainty on a transmission measuremerdsa the
WR10 band of the mm-wave VNA is of the order of+-@B.
To make an accurate measurement, it is necessarthifo
intrinsic uncertainty to be considerably smallemarththe
transmission to be measured. Accurate
measurements of low-loss devices are indeed diffatumm-
wavelengths. However, the loss of our ~ 1.2 m |9vg10
waveguides, of order ~1 dB, could be measured Witjn
accuracy, therefore decreasing the relative uricgytaf the

measurement.
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Fig. 4. Test setup for transmission loss measuremekVR10 waveguides
across 70-116 GHz. A WR10 Aluminium module is cared to the mm-
wave extension heads of the Agilent PNAX Vectonidek Analyzer.
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Fig. 5. Measured |S21| transmission per unit lefigtldB/cm) of Brass and
Aluminium alloy WR10 waveguide modules with spllebk along the E-
plane and the b-edge.
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A. Dependence of losses on split-block geometry (b-edge cut
versus E-Plane cut):

The measured transmission of Brass and Aluminium
waveguide modules with waveguide cut along thedhgland
along the b-edge was rescaled to unit length. Tkasored
results, expressed in dB/cm, are shown in Fig.he highest
transmission is found for the Aluminium alloy moeuwlith E-
plane cut (dashed yellow curve), whose averagesvialabout
-0.04 dB across the 70-116 GHz band. As expectes, t
highest losses were measured for the Brass moditihe ba
edge cut (solid blue curve), whose value rangesdsat

-0.016 and -0.08 dB.

B. Dependence of losses on surface roughness Ra:

The measured |S21| transmission (in dB/cm) of Brass
Aluminium alloy waveguide modules fabricated witiffetent

transmissierilling tools (different surface roughness) arewghan Fig. 6.

Electromagnetic simulation of the waveguide modulese
performed with the 3D software CST Microwave Stufiih
Using the theoretical electrical conductivity oB8x10 S/m
and 3.24 x10S/m for, respectively Brass and Aluminium, the
simulated results match closely the transmissioasmements
for modules machined with diamond drill.
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Fig. 6. |S21| transmission per unit length (in d®/of Brass and Aluminium
alloy waveguide modules with different surface foongsses. All waveguide
modules are cut along the E-plane. The electrontemgsienulation results of
transmission of perfectly smooth WR10 waveguidesienaf Brass (solid
yellow curve) and Aluminium (solid black curve).

The losses of a WR10 rectangular waveguide acr@ss 7
116 GHz are confirmed to be lower for E-plane cebrgetry
than for b-edge geometry. CNC milling machining hwi
diamond tool results in lower surface roughness thih a
standard carbide tool. The measured losses areclesg to
electromagnetic simulation results with theoreticBIC
electrical conductivity values. The 6060 AluminiukiMgSi
has lower losses than Brass CuzZn39Pb3.

CONCLUSION
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