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Abstract

A symmetric test fixture can be
calibrated for error-corrected measure-
ments with two standards. Equations are
presented for calibrating with either of
two special sets of standards: 1) a thru
of zero length and a matched load and 2)
a thru of zero length and a matched
2-Port with unknown transmission charac-
teristics. A measurement example is
described for a fin-line test fixture.

Introduction

Calibration of a microwave or milli-
meter-wave test fixture requires the
measurement of a number of standards with
Known, or partially known, characteris-
tics. If the test fixture is symmetric
only two standards are required.

Calibration techniques that take
advantage of fixture symmetry have been
described previously [1,2,3] but require
approximations or iterative calculations.
Closed-form equations are presented for
calibrating with either of two special
sets of standards: 1) a thru of zero
length and a matched load and 2) a thru
of zero length and a matched 2-Port with
unknown transmission characteristics.

Calibration Equations

A symmetric fixture can be described
by its voltage scattering parameters. The
flowgraph representation of the fixture

alone and with two symmetric 2-Port

standarde is shown in Figure 1. FiXtUre

parameters have the subscript “Y” and
subscripts Wall and Ilbll refer to the
parameters of the two standards. Mea-

sured scattering parameters of the

fixture with standard “a” have the sub-
script IIma 1! and the measured parameters
of the fixture with standard ‘Ibl! have the
subscript “rob”.
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Fig. 1 Flowgraph representation of a) a
symmetric fixture, b) a symmetric
fixture with standard ‘tall and c)
a symmetric fixture with standard
Ilbll ,

The first set of standards is a thru
of zero length (a “direct connection”) at
the center of the fixture and a matched

load. Referenced to the dominant mode of
propagation at the center of the fixture,
the scattering parameters of these stan-
dards are simple. If the thru is standard
IIal! and the matched load is standard ‘lb”
then Sall=O, Sa21=l, Sbll=O and Sb21==0.
For these standards the equations for the
fixture voltage scattering parameters are
given by equations (1) - (3).
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small - sm~l 1
Syl 1=

sma21

SY12SY21 = Smazl [ 1-( SJI )2]

SY22 = sm~ll

(1)

(2)

(3)

The second set of special standards

is a thru of zero length and a matched 2-
Port. Referenced to the dominant mode of
propagation at the center of the fixture
the scattering parameters of the thru
(standard “a”) and the matched 2-Port
(standard !’b”) are Sail = O, Sazl = 1,
Sbll = O and the unknown transmission
parameter Sb21. For these standards the
fixture parameters and Sb21 are given by
equations (4) - (7).

-B f(B2_4)1’2
sb21 =

2
(4)

(small -smbll )2-
B.

(sma21)2-(smb21 )2

sma21smb21

2- K(l-Sb21)
Syll =

2Sb21+ K(l-Sb21)

2sma21
K=

small + sma21 -Smbll -smb21

SY12SY21 = sma21 [1-( SYII)2]

SY22 = small -syllsma21

(5)

(6)

(7)

Both sets of standards include a
zero-length thru, which is a simple
standard to fabricate. The matched load
is more difficult but in waveguide
fixtures a reasonable load can be made by
gradually attenuating the traveling wave
over many wavelengths with an absorbing
material. TWO advantages of using the
thru and load standards are that only one
fixture is required and the calibration
can be broadband if a broadband load is
available.

A convenient matched 2-Port for the
second set of standards is a length of
transmission line or waveguide that is
approximately a quarter wavelength long.
The disadvantages of using this standard
are that an additional lengthened fixture
may be needed and the standard cannot be
used at frequencies where it is close to
a half wavelength (or multiples of a half
wavelength) . However, this standard is
easily fabricated and its use should
result in an accurate calibration. Note
that there are two possible solutions for
Sb21 and the correct one can usually be
identified without difficulty if Sb21 is
known approximately. For example, if the
standard is a length of transmission line
that is known to be less than a half
wavelength over the frequency range of
interest the correct solution has a
negative phase angle.

Measurement Example

Both sets of special standards have
been used to calibrate a symmetric
fin-line test fixture in R-band (26.5 to
40 GHz). The fin-line standards and test
circuits are mounted in the center of a
reduced height (.28 cm) waveguide and are
fabricated with gold conductors on .0254
cm thick fused silica. The thru, load
and matched 2-Port standards are shown in
Figure 2. The resistive film for the
load is tantalum nitride, 50 ohms per
square.

A measurement example is shown in
Figure 3. The device measured is a
beam-leaded GaAs Schottky diode pair
that is mounted in shunt across the fin-
line gap of . 0254 cm in the center of the
test circuit (identical to the thru
standard circuit) . An HP-851O R-band
vector network analyzer system was used
to make the measurements [4]. A ‘tone-
path two-port!’ calibration was first
made with waveguide standards to cali-
brate the system and the thru and
matched 2-Port fin-line standards were
measured. The scattering parameters of
the fixture were then calculated and the
error coefficients of the network
analyzer were modified using these
parameters to correct (or “de-embed~!) the
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final measurement~1s&5]. A separate
calibration was made using the
first set of standards (a thru and a
matched load); the results were similar
but it was felt that the thru and matched
2-Port calibration was more accurate.

1
0.280

T

The fixture without calibration is
not very good; the minimum Return :Loss of
the thru is 7 dB. This is due primarily
to the abrupt height change from standard
waveguide to the reduced height in the
fixture. Because of this, however, the
improvement due to calibration is readily
apparent. Also shown in Figure 3 is S11
of the diode pair without full calibra-
tion; a vector normalization was made to
correct only for fixture transmission
magnitude and phase. The improvement due
to full calibration can be seen in the
lack of fixture resonances that are
present in the normalized data.

The transmission parameter of the
matched 2-Port, Sb21, is found during the
calibration along with the fixture para-
meters. The phase of Sb21 is plotted in
Figure 4 along with the phase predicted
by a spectral-domain fin-line analysis
program [6]. The agreement is better
than 3 degrees.
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Fig. 2 Fin-line standard circuits: a) a
zero-length thru b) a matched
load c) a matched 2-Port (extra

length thru). Dimensions are in

centimeters.

Fig. 3 Neasured Sll of a beam-leaded
diode pair with full fixtu:re
calibration (solid line, sho:rt
arc) and with partial correction
for fixture transmission magni-

tude and phase (looping, solid
line) .
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Conclusion References

Accurate vector measurements can be
made by calibrating with two standards in
a symmetric test fixture. The two sets
of standards described in this paper are
simple to fabricate and ideally suited
for calibrating waveguide test fixtures.
The technique is quite general, however,
and should prove useful for calibrating
any symmetric fixture for which more
conventional standards (such as shorts
and opens) are not available.
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Fig. 4 Measured phase of matched 2-Port
standard (solid line) and calcu-
lated phase (triangles). Scale
is 10 deg per division.
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