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Abstract— A single flange 2-port TRL calibration and
measurement
setup
for
accurate
THz
S-parameter
characterization of integrated membrane circuit devices is
proposed. The proposed setup facilitates shorter access
waveguides, which greatly improves the calibration uncertainty.

I. INTRODUCTION AND BACKGROUND

W

ITH a growing demand for devices operating at THz
frequencies, there is also an increased need for accurate
characterization and modeling of THz components. In order to
avoid substrate modes, circuits such as Schottky diode
monolithically integrated THz mixers and multipliers have
been presented in membrane technology [1]-[3].
Vector network analyzer (VNA) S-parameter characterization of membrane circuit components can be carried out
with membrane TRL calibration standards and the device
under test (DUT) mounted in waveguide blocks [4].
Nevertheless, measurement uncertainty is degraded by
repeatability in fabrication and assembly of the waveguide
blocks for the different TRL standards. It has been shown that
in particular a variation in the width of the access waveguides
affects the propagation constant and thereby increases the
calibration uncertainty [5]. Furthermore, the movement of the
VNA extenders when switching between standards causes
large repeatability issues.
A straightforward solution to decrease the impact of the
propagation constant variation is to shorten the access
waveguides. For WR-03 this means lengths shorter than 2-3
mm to achieve less than ±10° phase uncertainty for a width
tolerance of 5 µm [5]. However, for a two terminal waveguide
block with ports on opposing sides, this is unpractical.
We propose a calibration and measurement setup where the
calibration standards and DUT are mounted in waveguide
blocks with both access waveguides in the same flange (see
Figure 1). The length difference between the Thru and Line
calibration standards is achieved by turning two bends in the
access waveguides in opposite directions. These blocks are
connected to the VNA extenders via an adapter converting two
conventional single waveguide flanges to one dual waveguide
flange. The adapter eliminates all repeatability issues due to
extender movements because it allows the extenders to stay
fixed throughout the measurement process.
In this paper we present the design and investigation of the
access waveguide bends, and the theoretical improvement of
the calibration uncertainty.

Figure 1 Conceptual drawing of single flange 2-port TRL calibration
standards and adapter. Access waveguides stretch from flange to reference
plane, and has two bends to accommodate the different lengths of the
standards.

II. DESIGN INVESTIGATION
In the proposed design, bends are introduced in the access
waveguides to accommodate the different lengths of standards
and DUTs. The sharper the bends the shorter the access
waveguide can be. Thus, the access waveguide length is a
trade-off between the calibration uncertainty introduced by the
bends and by the fabrication tolerance of waveguide widths.
Three different access waveguide bend radiuses are
investigated for variations in the waveguide width.
Full wave EM simulations of the standards are set up
piecewise in a 3D FEM solver, and the resulting S-parameters
exported. In addition to the Thru, Reflect, and Line standards
in Figure 1, two more Reflect and Line standards are available
(with shorter distance between the reference planes).
The three different bend radiuses investigated for each
access waveguide bend direction (left or right) are:
10𝑤! , 6𝑤! , and 0.6𝑤! , where 𝑤! is the waveguide height.
Resulting access waveguide lengths from flange to waveguide
back short are 1638 µm, 1389 µm, and 805 µm (for WR-03).
Then, for each of the six access waveguide versions, three
different waveguide widths are simulated: nominal width (𝑤! )
and 𝑤! ± 10  µμm, corresponding to fabrication tolerances.
In order to compare the phase uncertainty ∠Δ𝑆!" for
calibration with standards of different width, bend radius and
direction, all access waveguide versions are de-embedded
from each other.
The TRL calibration is then performed in Monte Carlo
simulations for the possible Thru, Reflect, and Line variations,
and compared with a nominal case.

978-1-4673-4717-4/13/$31.00 ©2013 IEEE

III. RESULTS
Simulations of the TRL calibration algorithm, show a
worst-case phase uncertainty of less than ±15° over the entire
band for a width tolerance of ±10  µμm in WR-03 waveguide
with bend radius of 6𝑤! .
The de-embedded results are displayed in Figure 2, where
for the larger radiuses, the phase uncertainty curves are
grouped after width tolerance, with the largest uncertainty for
a 20-µm total difference in waveguide width between the
standards. The spread within the grouping is due to
introduction of the different access waveguide bend directions
for different calibration standards. An improvement in phase
uncertainty is visible when waveguide bend radius and length
is reduced. However, the sharpest bends increase the
uncertainty, suggesting that a 6𝑤! radius fits best our purpose.
Figure 3 shows directivity and reflection tracking from
Monte Carlo analysis of TRL calibrations with the 6𝑤! radius
standards. Directivity is less than -20 dB for almost the entire
band, and the reflection tracking is within ±10°.
IV. CONCLUSIONS

Figure 2 Phase uncertainty ∠Δ𝑆!" for three different access waveguide bends:
10𝑤! , 6𝑤! , and 0.6𝑤! .

We have investigated a new single flange 2-port design that
improves the accuracy of membrane TRL calibration for
S-parameter measurements at THz frequencies. The design
includes an adapter block that keeps the VNA extenders fixed,
reducing error from cable movement. Although the different
bends in the access waveguides introduce errors, the
calibration uncertainty is clearly reduced due to the shorter
length, which otherwise would have been difficult to realize.
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