NL B1 2018225

Octrooicentrum @ 2018225

Nederland

(1 B1 OCTROOI

@ Aanvraagnummer: 2018225 @ Int. Cl.:
GO01R 35/00 (2017.01) GO1R 27/28 (2017.01) GO1R
() Aanvraag ingediend: 25/01/2017 31/28 (2017.01)
Aanvraag ingeschreven: (3 Octrooihouder(s):
01/08/2018 Technische Universiteit Delft te Delft.

®

Aanvraag gepubliceerd:
- @ Uitvinder(s):

Marco Spirito te Delft.
Octrooi verleend: Luca Galatro te Delft.
01/08/2018 Raffaele Romano te Delft.
Faisal Ali Mubarak te Delft.

Octrooischrift uitgegeven:
07/08/2018

®

Gemachtigde:
ir. M.F.J.M. Ketelaars c.s. te Den Haag.

An interferometric 1Q-mixer/DAC based solution for active, high speed vector network analyzer
impedance renormalization

@ Device under test (DUT) interface device for use in a i
system for executing measurements on a device
under test (9) with a vector network analyser (11).
The DUT interface device comprises a divider/coupler
component (4), a variable gain amplifier (5), an I/Q
mixer (6) and a bridge/coupler component (7) and
provides a test sighal (a) to the DUT terminal (3).

The system further comprises a control unit (12)
connected to the vector network analyser (11) and to
control input terminals (8) of associated ones of the at
least one DUT interface device (1).

The control unit (12) provides quadrature control
signals (V| Vg) for the associated at least one DUT
interface device (1), which are connected directly to
the device under test (9).

The present invention further relates to proper
calibration and measurement methods.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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An interferometric 1Q-mixer/DAC solution for active, high speed vector network

analyser impedance renormalization

Field of the invention

The present invention relates to an interface device for connecting a vector network
analyser to a device under test (DUT), and in a further aspect to a system for executing
measurements on a device under test comprising a vector network analyser, and at least one
DUT interface device according to an embodiment of the present invention. Furthermore, the

present invention relates to a method for using such a system.

Background art

In the article by G. Vlachogiannakis et al., “An 1/Q-Mixer-Steering Interferometric
Technique for High-Sensitivity Measurement of Extreme Impedances”, International Microwave
Symposium, May 2015, a vectorial signal cancellation technique based on 1Q phase steering is
disclosed for measurements on a device under test using a vector network analyser (VNA). The
disclosed system uses a splitter on the path of the a: signal, internally to the VNA. This
implementation results in the fact that the signal driving the LO of the 1Q mixer and the signal
driving the DUT, propagate on different transmission lines, i.e., cables. This makes this setup very
sensitive to relative phase fluctuation between the two signals, hampering the cancellation
condition. Moreover, to feed back the signal inside the VNA after the splitter, allows to realize
signal cancellation only for a subset of VNA’s, namely the ones providing front jumpers. In the
implementation disclosed in this article no synchronization between the VNA source and the DAC
controlling the injection vector was realized, making frequency sweep slow since it is performed
one frequency point at the time. Also, this prior art implementation used a resistive divider to
create the injection signal, this solution provides no isolation between the main line and injection
path, making the cancellation condition susceptible to mismatches along the lines causing
reflected signals coupling on the other signal path (i.e., from main to injection path and vice
versa). Furthermore, in this prior art implementation there is no capability of decoupling the power
level of the main path from the one driving the 1Q mixers (of passive type in the mentioned
implementation) requiring a specific LO power level. This makes this prior art solution capable to
operate only at fixed power level, modifying the power requires changes on the setup by means of
mechanical attenuators. Finally, this prior art implementation does not consider active
amplification after the 1Q mixer, thus often using the mixer in the non-optimal (linear) region, since

the amplitude of the injected vector is only defined by the 1Q signals.

Summary of the invention
The present invention seeks to provide improved test set-up arrangements for high
frequency measurements of (active) devices (device under test, DUT), which is less susceptible to

distortions and more robust during operation, especially suited for devices having a high reflection
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coefficient (M. In present measurement systems and methods, such a high ' DUT will usually
result in problems for performing accurate and repeatable measurements.

According to the present invention, a device under test (DUT) interface device is provided
as described above, wherein the DUT interface device comprises an analyser terminal, a DUT
terminal and a control input terminal, a divider/coupler component having a main terminal
connected to the analyser terminal, a variable gain amplifier connected to a first branch terminal
of the divider/coupler component, an 1/Q mixer having an input terminal connected to an output
terminal of the variable gain amplifier, a bridge/coupler component, of which first branch terminals
are connected between a second branch terminal of the divider/coupler component and the DUT
terminal for providing a test signal a to the DUT terminal, and second branch terminals are
connected between an output of the I/Q mixer and a grounding impedance. This set-up allows the
DUT interface device to be positioned directly adjacent the DUT, and as a result the components
of the DUT interface device as well. This results in a much lower susceptibility to external
distortions and hence better performance of actually testing a DUT, especially when the DUT has
a high I" coefficient.

In a further aspect, the present invention relates to a system as defined above, wherein
the DUT interface device is connected to an associated measuring port of the vector network
analyser. The system further comprises a control unit connected to the vector network analyser
and to control input terminals of associated ones of the at least one DUT interface device, wherein
the control unit is arranged to provide quadrature control signals for the associated at least one
DUT interface device. The at least one DUT interface device is connected directly to the device
under test DUT. In a further aspect the (DC) quadrature control signals are generated by a digital
to analogue converter and can vary synchronously to the frequency of the vector network
analyser through a hardware trigger loop, allowing quasi real time frequency sweeps with signal
cancellation.

In an even further aspect, the present invention relates to a method for using a system
according to an embodiment of the present invention, wherein the system comprises a DUT
interface device connected to a first measuring port of the vector network analyser. The method
comprises calibrating the system by obtaining injection signal parameters and vector calibration
coefficients to allow measurements of a device under test connected to the DUT interface device.
The method comprises a calibration part wherein the proper injection signals for the DUT interface
devices are determined, and optionally an actual measurement step, in which the proper injection
signals are used, and which make the method especially suitable for a DUT having a high I
coefficient.

Short description of drawings

The present invention will be discussed in more detail below, with reference to the
attached drawings, in which

Fig. 1 shows a schematic diagram of a prior art test set-up using an interferometric

technique;
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Fig. 2 shows a further prior art DUT set-up arrangement using an interferometric
technique;

Fig. 3 shows a schematic diagram of an embodiment of a DUT interface device according
to an embodiment of the present invention;

Fig. 4 shows a schematic diagram of a test set-up arrangement according to a further
aspect of the present invention;

Fig. 5A-5C show flow charts of calibration/measurement method embodiment groups as
used for the test set-up arrangement of Fig. 4,

Fig. 6 shows a flow chart for a test sequence using the test set-up arrangement of Fig. 4.

Description of embodiments

High frequency devices are characterized by their reflection (I) and transmission
coefficients when driven from input and/or output, often represented in the S-parameter formalism
when a vector correction is applied to the measurement instrument. Characterization of the device
under test (DUT exhibiting a large voltage standing wave ratio (VSWR) condition, i.e.

1+ T DIA-| T > 8,

(representing a | I |=0.8 and real impedances smaller than 5.5 Q and larger than 450 Q),

result in an increased uncertainty of the measured impedance (i.e., Z), i.e., higher than
two order of magnitude compared to the zero VSWR case. Thus, extreme impedances (i.e., falling
under the VSWR>9 category), in respect to the system impedance (generally 50Q), present a big
challenge for high frequency characterization.

The reason for this can be easily found observing the relation between the device
impedance and the instrument measured parameter, i.e., [ vs. Z. For impedance levels between
a few Q’s and a few hundredths Q's the derivative of the reflection coefficient versus impedance
(6 [ /dZ) is high, resulting in a compression of the measured noise. When the impedance levels
are shifted to the ones providing a VSWR larger than 9 the & I /6Z derivate approaches zero,
resulting in an expansion of the measured noise providing large uncertainty in DUT impedance
value. E.g. the relative uncertainty of the measured impedance may increase more than two
orders of magnitudes for impedance levels lower than 5.5Q and higher than 450Q.

In order to provide low uncertainty measurements under high VSWR conditions, various
techniques have been proposed to cancel the large reflecting wave scattered by the DUT during
testing, i.e., transforming the device back to a low VSWR case. These techniques can be grouped
based on the implemented method:

1) matching approaches (i.e., transforming the impedance using passive elements),

2) interferometric techniques, i.e., cancelling the reflected signal with a signal with similar
amplitude and opposite phase.

Several interferometric technigques to achieve impedance renormalization of a one-port
VNA are known in the art. An exemplary test set-up using a network analyser 21 is shown in the
schematic view of Fig. 1. The driving signal a; in Fig. 1 originating from oscillator 22 is first split in

two equal-power branches using splitter 24. One of the splitter branches is used to drive the DUT



10

15

20

25

30

35

40

P6062563NL 2017.01.25

4
29 through a directional coupler 26a in order to provide an incoming signal a;,: at the plane 28 of
the DUT 29. The reflected signal a.s is then fed back via a (phase shifting) cable 27. The other
branch of the splitter 24 is connected to a variable attenuator 25 and used as a cancellation signal
using an upper directional coupler 26b. The cancellation signal is combined with the reflected
signal a.r from the DUT 29 creating the (low level) signal as. This signal az is amplified using
amplifier 30 and input as measurement signal a4 to a receiver input 23 of the network analyser 21.

The large electrical distance between the injection point of the cancellation signal (at the
upper directional coupler 26b) and the DUT 29 (i.e., due to cables 27 and two directional couplers
26a, 26b) makes the cancellation condition extremely sensitive to system variations (i.e., phase
and amplitude due to cable 27 movements and temperature fluctuations). Moreover the use of
only a variable attenuator 25 makes the cancellation condition possible only at specific
frequencies i.e., frequencies at which the phase of the injected signal is opposite to the phase of
the reflected signal at the plane of as.

As mentioned above, in the article G. Vlachogiannakis, H.T. Shivamurthy, et al,, “*An 1/Q-
Mixer-Steering Interferometric Technique for High-Sensitivity Measurement of Extreme
Impedances”, International Microwave Symposium, May 2015, an interferometric (cancellation)
technique based on IQ phase steering is disclosed. Fig. 2 shows a schematic diagram of a test
set-up 40 using this interferometric technique. The system uses a splitter 42 on the path of the ay
signal (i.e. the generated test signal), external to the (vector) network analyser, VNA, 41. In Fig. 2
the splitter 42 is shown as being implemented external to the VNA 41, requiring suitable front
terminals (jumpers) on the VNA 41 to allow feedback of the (split) signal to the VNA 41. The other
part of the (split) signal from splitter 42 is fed to an amplifier 43 as an input to an IQ mixer 44.
Under control of two control voltages Voci and Voc.q and two mixers 45, 46 and a phase shifter 47
as internal components of the 1Q mixer 44, an injection signal b;y is provided to a coupler 48. The
other ports of the coupler 48 are connected to the VNA 41 port (receiving the a’ signal), a
terminating impedance 50, and the DUT 49 (depicted as impedance Zour).

This implementation of the test set-up 40 results in the fact that the signal driving the LO
of the 1Q mixer 44 and the signal driving the DUT 49, propagate on different transmission lines,
i.e., cables. This makes this setup very sensitive to relative phase fluctuation between the two
signals, hampering the cancellation condition, since small variations on large vectors cause a
large residual vector difference which corresponds to the b’ wave in Fig. 2. Moreover, splitting the
signal, and feeding back the signal inside the VNA 41, allows to realize impedance normalization
only for a subset of VNAs, namely the ones providing front jumpers. The usage of a resistive
splitter does not provide isolation arising from mismatches at the input port of PA 43, increasing
the unwanted coupling between the signal driving the DUT 49 and the LO of the I1Q mixer 44.
Furthermore, the mentioned implementation does not provide the capability to vary the power
driving the DUT 49 without modifying the setup, i.e., changing the attenuation/amplification to the
IQ mixer 44, since the LO port of the mixer needs to be driven at the proper power level to
optimize performance, (e.g. with respect to conversion losses). The amplitude of the cancellation

vector is directly set from the Vboc, and Vbe,q signals, imposing a larger linearity from the 1Q mixer
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and making the cancellation algorithm more sensitive due to amplitude to phase non-linearities
arising from the mixer (AM to PM conversion). Finally, in the implementation of Fig. 2 no hardware
synchronization between the VNA 41 source and the DAC controlling the injection vector Voc, and
Vbc o was realized, making frequency sweep slow since it is performed one frequency at the time.

The present invention embodiments provide solutions to the disadvantages associated
with prior art set-ups as discussed above. Fig. 3 shows a schematic diagram of a DUT interface
device 1 (or High Gamma pod, HI-pod) according to an embodiment of the present invention, and
Fig. 4 shows the system 10 set-up for executing test of a DUT 9 with a vector network analyser
11, in a two-port configuration. Each DUT interface device 1 is a two port device, allowing to
realize a signal cancellation loop, and allowing its use with any commercially available multiport
VNA 11.

In general, the present invention relates to a device under test (DUT) interface device 1
{or high gamma (HIN-pod) for connecting a vector network analyser 11 to a device under test 9.
The DUT interface device 1 comprises an analyser terminal 2, a DUT terminal 3, and a control
input terminal 8. A divider/coupler component 4 is present having a main terminal connected to
the analyser terminal 2, a variable gain amplifier 5 is connected to a first branch terminal of the
divider/coupler component 4, and an I/Q mixer 6 is present having an input terminal connected to
an output terminal of the variable gain amplifier 5. Furthermore, a bridge/coupler component 7 is
present, of which first branch terminals are connected between a second branch terminal of the
divider/coupler component 4 and the DUT terminal 3 for providing a test signal a to the DUT
terminal 3, and second branch terminals are connected between an output of the 1/Q mixer 6 and
a grounding impedance 7a. Such a DUT interface device 1 having all relevant elements for the
intended purpose, allows a connection close to the DUT 9, and hence a better performance for
measurements, as the relevant leads and connections are close to the DUT 9.

In a further embodiment, an additional power amplifier may be added receiving an output
from the I/Q mixer 6, and providing an amplified signal to the bridge/coupler component 7. This
allows to further optimize the I/Q linearity.

In an embodiment, the 1/Q mixer 6 is arranged to generate an injection signal bi,; which is
coherently combined with a reflected signal b received on the DUT terminal 3. Again, as this takes
place in the DUT interface device 1 close to the DUT, it will be less likely that errors or
interference occurs. More in particular, the cancellation is close to the DUT 9 thus the sensitivity
of the cancellation condition, due to vibration or changes in the setup is less pronounced. In an
even further embodiment, the 1/Q mixer 6 (and optionally the variable gain amplifier 5) is
connected to the control input terminal 8. This allows to use proper wiring to run to the DUT
interface device 1, which as a result will be less susceptible to distortion or other error introducing
effects. Since all the loops are incorporated near the DUT 9, the LO and RF path are coupled,
thus creating phase fluctuation (which in effect are the ones leading to the errors in the
interferences) coherent which do ratio out in the cancellation condition.

In an even further embodiment, the variable gain amplifier 5 comprises a plurality of

variable attenuators. The presence of the variable gain amplifier 5, possibly in the form of variable
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or switchable attenuators, allows to independently control power between the RF signal to the
DUT 9 and the local oscillator signal in the I/Q mixer 6, which allows to optimize the drive level of
the I/Q mixer 6 and at the same time providing independent power control towards the DUT 9 (via
the signal generated from the analyser terminal 2). In an even further embodiment this is
implemented using an integrated circuit digitally controlled variable attenuator, obviating any
switching parts.

A simplified schematic view of the DUT interface device 1 (HI" pod) according to a present
invention embodiment is shown in Fig. 3. The DUT interface device 1 comprises two terminals 2,
3 and a control signal input 8, as a single, compact unit. In the DUT interface device 1, after the
input terminal 2 a high directivity power divider/coupler 4 is placed to split the test signal a wave
between two different paths (indicated by numerals 1 and 2 in circles). In other terms, the
divider/coupler component (4) is a high directivity power divider/coupler splitting a test signal on
the main terminal over the first and second branch terminal.

In the specific embodiment shown in Fig. 3, the signal at port 1 of the divider/coupler 4
serves as test signal a to stimulate the DUT 9 via output terminal 3. The signal at port 2 of the
divider/coupler 4 is used to generate the phase coherent cancellation signal b;; required to cancel
the scattered wave b originating from the DUT 9 during the execution of a test. The split signal
part {or wave) at port 2 of the divider coupler 4 is first amplified, using a variable gain amplifier 5,
to an adequate level (i.e., to toggle the switching core of the mixer) and is then used as the local
oscillator (LO) signal of an 1Q mixer 6. The 1Q mixer & comprises internal components (mixers 6a,
6b and phase shifter 6¢) which as such are known to the person skilled in the art.

As mentioned above, in a further embodiment, an additional (variable gain) amplifier is
added at the output of the IQ mixer. This allows to optimize the linearity of the I/Q mixer 6, e.g. by
not having the output of the 1/Q mixer 6 go higher than the optimal linear range of the mixer (and
using the additional amplifier to get a sufficiently high signal level. Also, it is then possible to keep
the output of the 1/Q mixer 6 at a sufficiently high level {(not at levels comparable to DC signal
noise levels (quantization noise), even if a lower level is desired at the bridge/coupler component
7 (then using an attenuation by the additional amplifier).

As shown in the system view of Fig. 4, the in-phase (V) and quadrature-phase (Vq)
signals of the control signal input 8 are sourced with accurate DC signals generated with high bit
count digital to analogue converters (DACs) in DAC signal generator 12. The Vi and Vq signals
are used to steer the phase and control the amplitude of the injection signal (i.e., Cartesian
modulation). The generated cancellation signal b;y is injected into path 1 of the divider coupler 4 in
the same direction of the scattered wave b with a high directivity coupler 7 (of which the fourth
port is coupled to a termination impedance 7a). The VNA 11 and the DAC signal generator 12 are
placed inside a trigger/acknowledge loop using the indicated TTL and acknowledge (ACK) signal.
During a frequency sweep the VNA 11 will change internal PLL sources to the next frequency in
the sweep and send a TTL trigger to the signal generator 12 to set the proper values of the control
signal input signals Vi and Vq to generate the cancellation signal b, for that specific frequency.

The DAC signal generator 12 will send an ACK signal to initiate the VNA measurement. After this
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measurement, the VNA 11 will move to the next frequency and re-initiate the trigger/acknowledge
protocol.

Therefore, the present invention in a further aspect relates to a system for executing
measurements on a device under test (DUT) 9, comprising a vector network analyser 11, at least
one DUT interface device 1 (HI-pod) according to any one of the present invention embodiments
connected to an associated measuring port of the vector network analyser 11, and a control unit
12 connected to the vector network analyser 11 and to control input terminals 8 of associated
ones of the at least cne DUT interface device 1 (HI-pod). The control unit 12 is arranged to
provide quadrature control signals Vi, Vq (i.e. synchronized I/Q mixer signals) for the associated
at least one DUT interface device 1, wherein the at least one DUT interface device 1 is connected
directly to the device under test 9. Thus, as compared to prior art systems, the loops in the
measurement system are set-up differently, which improves performance. No longer is it
necessary to provide a split of signals inside the vector network analyser 11. In the prior art
solution the split is very far from the actual DUT loop creating several problems for the
cancellation stability. Additionally, such an approach is making it very difficult to achieve two port
configuration in conventional vector network analysers.

In a further embodiment, the control unit 12 comprises (high bit count) digital-to-analogue
converters to provide quadrature control signals Vi, Vo for each of the at least one DUT interface
device 1. The vector network analyser 11 is connected to the control unit 12 using a
synchronization interface for executing frequency sweeps. E.g. the synchronization interface
comprises a control signal (TTL) and an acknowledgment return signal (ACK), as discussed
above.

According to a further aspect of the present invention, a method is provided for using a
system according to any one of the embodiments described above, wherein the system
comprises a DUT interface device 1 according to any one of the embodiments described herein
connected to a first measuring port of the vector network analyser 11. The method comprises
calibrating the system by obtaining injection signal parameters to allow measurements of a device
under test 9 connected to the DUT interface device 1. Actual measurements of a device under
test (DUT) 9 can then be executed by using the obtained injection signal parameters to control the
DUT interface device 1 (i.e. with injection signal on).

In accordance with further embodiments, one of three different calibration methods are
provided to obtain various effects. In a first group of embodiments (labelled as method M1 in the
following), measurement sensitivity at high gamma loads is improved (i.e. reduced trace noise),
as shown in the flow schedule of Fig. 5A. In a second group of embodiments (labelled as method
M2 in the following), absolute measurement accuracy at high gamma loads is improved by
employing dedicated calibration structures, i.e., high gamma standards, as shown in the flow
schedule of Fig. 5B. In a third group of embodiments (labelled as method M3 in the following),
both absolute accuracy and sensitivity are improved by employing a combination of methods M1
and M2, as shown in the flow schedule of Fig. 5C.
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The three groups of calibration procedures (methods M1, M2, M3) can be applied to a
one port or a two port measurement system, following the description presented below.

Calibration method embodiments are provided for the test set-up arrangement of Fig. 4,
for which the flow charts are shown in Fig. 5A, 5B and 5C. The setup calibration is based on a
short-open-load (SOL) technique, to be applied to port one of a network analyser 11 only (one
port DUT 9) or both port one and two of the network analyser 11 (two ports DUT 9). In order to
extract consistent error terms to allow the measurement of full two-port error corrected scattering
parameters (i.e., normalized to 50 Q) the injection signals are turned on and off at specific
moments during the procedure as with reference to Fig. 5A, 5B and 5C.

Fig. 5A shows a flow chart for the first group of embodiments (method M1). This method
comprises:

{block 50) perform a short-open-load calibration on the first measuring port of the vector network
analyser 11 with the injection signal by off,

{block 51) calculating 50Q error terms (i.e., system error terms eco, €11, €10€01),

{block 52) connecting the device under test 9,

(block 53) compute input reflection coefficient I'in_so of the device under test 9 in a 50 Q
environment.

(block 54) determine required quadrature control signals Vi, Vo to minimize the input reflection
coefficient I'in_so (USing e.g. an iteration algorithm).

Fig. 5B shows a flow chart for the second group of embodiments (method M2), This
method comprises:

{block 55) connecting a high gamma load as device under test 9 to the first measuring port of the
vector network analyser 11 via the first DUT interface device 1,

{block 56) determine required quadrature control signals Vi, Va to minimize the reflection
coefficients Maw,

(block 57 and 58) perform a short-open calibration on the first measuring port of vector network
analyser 11 with the injection signal bi;j on, and

(block 58) compute system error terms (oo s, €11_He, €10€01_xa) In high gamma condition (i.e.,
injection signal on) for the first measuring port of the vector network analyser 11.

Both the method groups M1 and M2 may be applied for a two port DUT 9. To that end the
system comprises a further DUT interface device connected to a second measuring port of the
vector network analyser 11. The steps as described above are then repeated for the second
measuring port of the vector network analyser (11).

Fig. 5C shows a flow chart for the third group of embodiments (method M3). This method
comprises, in addition to the sequence of blocks 55-59 as described with reference to Fig. 5B:
connecting the further DUT interface device 1 (block 52) and then determining the second
injection signal (block 60).

As shown in the flow charts of Fig. 5A-5C, the calibration steps can then be followed by
an actual measurement step 70 of the DUT 9, with the injection signal(s) bin; as determined in the

calibration steps.
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In more generic terms, a method embodiment is provided for calibrating a system
according to any one of the system embodiments described herein, wherein the system
comprises two DUT interface devices 1 connected to two measuring ports of the vector network
analyser 11. The method comprises:

(a) connecting a high gamma load as device under test 9 to a first measuring port of the vector
network analyser 11 via a first DUT interface device 1, (note that this is not used in method M1).
(b) determine required quadrature control signals Vi, Va to minimize the reflection coefficients Naw,
{note that this is not used in method M1).

{(c) perform a short-open-load calibration on the first measuring port of the vector network analyser
11 with the injection signal b off, (i.e. wherein the load is a standard system value, e.g. a 50Q
load).

(d) compute 50Q system error terms eoo, €11, €10€01 for the first measuring port of the vector
network analyser 11,

{(e) perform a short-open calibration on the first measuring port of vector network analyser 11 with
the injection signal biy; on (again, note that this is not used in method M1).

(fy compute HG system error terms eoo_nc, €11_He, €10€01_He for the first measuring port of the
vector network analyser 11, (note that this is not used in method M1),

repeating steps (a)-(e) for the second measuring port of the vector network analyser 11.

(g) in the case of method groups M1 and M3, the procedure is followed by determining at each
frequency point the required Vi, Va to minimize the reflection coefficients N/ Mow of the DUT 9.

In a further embodiment, in step (b) the required quadrature signals Vi, Vq are determined
for a range of frequencies of interest, i.e. a number of discrete frequencies in a frequency range.
The method may further comprise computing two-port scattering parameters of the high gamma
load as device under test 9 by using a thru connection between the first and second measuring
port of the vector network analyser 11, with the injection signal (bn) off. These method
embodiments are specifically advantageous in that both measurement ports are being calibrated,
taking into account specific issues in relation to the use of two measurement ports of the vector
network analyser11.

The above mentioned generic calibration method embodiments are clarified and further
detailed in the following description.

The widely used short-open-load (SOL) method for calibration of one-port vector network
analysers relies on three pre-characterized calibration devices used as device undertest 9. The
transfer function between uncorrected Nraw and corrected I reflection coefficient is determined
through three error terms eoo, €11, and e1oeo1, and I at the calibration reference plane can be

calculated using the following expression:

— Praw—€oo (1)
e10€o1t+e11(Traw—€go)
Here, the error terms eco, €11, and e1ceor respectively represent directivity, source match,
and reflection tracking of the calibrated VNA 11. The SOL method relies on the use of three

calibration devices with known electrical properties I, resulting in three independent
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measurements Mawg with three unknown error-terms, which are calculated using the following
equation:
1 Fi : Fraw1 _Fl €00 FTan
1 I—'2 ' I—'rawz _FZ : [elll = Fraw2 (2)
1 I‘3 : Fraw’a’ I‘3 A I"raW3

A = epp€11 — €10€01

The calibration procedure is as follows (see also flow charts of Fig. 5B and 5C):

The impedance standard of interest HighGammaiead (HIN) is connected to the system test-
port {block 55). The measurement software uses an iteration algorithm (e.g. the Newton-Raphson
algorithm. as such known to the person skilled in the art) to minimize Maw to zero (e.g. at every
desired frequency, block 56) and stores the corresponding Vi(f) and Va(f) values (this step does
not apply to calibration method M1, see Fig. 5A).

A first SOL calibration with injection signal bi,; turned off is performed (applies to all
method groups M1-M2-M3).

A conventional SOL calibration method is used (block 59) for calculation of system error
terms, see equation (2), with injection off (€wem_so).

The second SOL calibration is performed with the measurement of three calibration
devices with suitable electrical properties to improve accuracy over the impedance measurement
range of interest, the HI", and two other known device typically the short (S) and the open (O).
This applies to method groups M2 and M3 only. Again, a conventional SOL calibration method is
used for calculation of system error terms, see equation (2), with injection on (€term_ng).

The standard definition of the short and the open is converted in the gamma plane of the
new reference impedance, i.e., where HighGammauwaa (HIN) is now zero. Considering Z1 the
original reference impedance and Z: the new reference impedance, the scattering matrix S;
associated to either the short or the open standard in Z is converted in the new reference plane

using the equation:
S'=PHS-NU-yHTP

wherein:
Re(Z)|Z1| 244
Re(Z) 12,12, + 7,
Z,— 17,
V=757,

and S is the scattering matrix in the old reference system and S’ is the new reference
system (i.e., high gamma), | is the identity matrix.

— The same procedure is then repeated for port two.

With the system error-terms known, equation (1) is used to correct the input and output

reflection coefficient of the high gamma device with injection on.
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In order to compute the two-ports scattering parameters of the extreme gamma device the
load match (e22) and transmission tracking term (e1oe32) are then computed.

In order to obtain improved two port parameters of a high I" device (i.e., reduced
mismatched uncertainty and increased absolute accuracy of the reflection coefficients, using
method group M3), after the above described calibration the measurement procedure is as
follows, see Fig. 6 for the flow graph representation:

0) Connect the two-port high ' DUT 9 (step 62)

1) Turn on the cancellation signal at port one, and acquire the raw input reflection
coefficient MNnaw (Step 63, sparse dot pattern)

2) Turn on the cancellation signal at port two, and acquire the raw output reflection
coefficient Noutraw (Step 64, dense dot pattern)

3) Turn the injection signals off and acquire S$12raw and S21aw (Step 65)

4) Correct the input/output reflection coefficients (I and Nour) using eq. (1) and éwem_+e
(step 66)

5) Correct the S21 and S12 using two port calibration equation (see above) and eiem_so
(step 67)

5) Use the following eq. (4) to obtain the normalized scattering parameters of the high I
DUT 9 (step 68)

1

ezor(€22rTour

1
S11 =E

D (e2zre22rTinTour + Tourezzr — €z2pfin — 1 +

+\/(322RFIN — D) (e2zrlour — D)(e2zr€22rTinTour + 4€22r€220512821 — loureaar — €22pv + 1))
_ S12521€22R
Sp2 = Fopr ————

(4)

Where the error terms in (4) are eterm_so.

1-S11€22R

If the method M1 is applied for a two port DUT 9 measurement (using a further DUT
interface device 1) the following method steps may also describe this method M1:
connecting a high gamma load as device under test 9 to the two measuring ports of the vector
network analyser 11 via associated DUT interface devices 1, (block 62);
acquiring corrected two port S-parameters of the DUT with injection off, and using 50 Q error
terms, derive the Vi and Vo signals to cancel the corrected input and output reflection coefficient,
i.e., identify the cancellation signal bi. Furthermore, renormalizing the S-parameter to a given
reference impedance may be performed (block 68).

Also method M2 may be applied for a two-port DUT 9, with the following modifications to
the method M2 (with reference to the blocks identified in Fig. 6):
acquiring corrected Nn and lNour parameters of the DUT with injection on, and using the High

Gamma error terms (block 63, 64),
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acquiring scattering parameters S12raw, S21raw With injection signals bi,; to both measuring ports
off (block 65),
correcting the acquired parameters using the system error terms obtained from the method for
calibration (block 66, 67),
obtaining normalized scattering parameters for the high gamma load as device under test 9 (block
68).

The method group M3 can in this respect be seen as a repeat of the procedure of method
group M2 and then derive the Vi and Vaq signals to cancel the corrected input and output reflection
coefficient, i.e., identify the cancellation signal by, followed by renormalizing the S-parameter to a
given reference impedance.

When considering a frequency sweep of the DUT 9, due to the reactive parasitic and
delays involved, the measured impedance (at any port) will vary versus frequency, in many cases
going from a high gamma value at lower frequencies to a lower gamma value at higher
frequencies.

In a further embodiment of the present invention, a decision making algorithm is added to
the method embodiments, based on the system sensitivity. The decision making algorithm was
developed to choose, during the post processing phase of the measurement, which data will
provide a lower uncertainty.

The algorithm is based on computing the derivative of the magnitude of the reflection
coefficient (normalized to 50Q) in respect of the magnitude of Z, this quantity will be defined as A.
The system settings (injection off versus injection on) providing the highest value of A for any
given impedance will provide the highest sensitivity and thus lowest uncertainty, and will be used
to further process the data. Thus, in a further embodiment of the measurement method the
measurement of a device under test (DUT) is executed at a predetermined frequency with or
without injection signals biy in dependence of a sensitivity parameter A, the sensitivity parameter
A being defined as the derivative of the magnitude of the reflection coefficient " in respect of the
magnitude of the load impedance Z.

In an example A is computed for a (standard) 50Q system and the system with injection
on (i.e., 1KQ in the specific case). Depending on the value of A the data from the 50Q system
may provide a higher sensitivity, or the data from the 1KQ system will provide a higher sensitivity,
and a selection is made accordingly.

It is noted that the present invention embodiments are advantageously applicable when
the high gamma load, in operation, has a high voltage standing wave ratio (as compared to
normal system impedance of 50Q), e.g. a voltage standing wave ratio is higher than 9.

The present invention embodiments, as described above with reference to a number of
exemplary embodiments, can be summarized in the following numbered and interdependent
embodiments:

Embodiment 1. Device under test (DUT) interface device for connecting a vector network
analyser (11) to a device under test (9), comprising

an analyser terminal (2), a DUT terminal (3), and a control input terminal (8),
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a divider/coupler component (4) having a main terminal connected to the analyser terminal (2),
a variable gain amplifier (5) connected to a first branch terminal of the divider/coupler component
4,
an I/Q mixer (8) having an input terminal connected to an output terminal of the variable gain
amplifier (5),
a bridge/coupler component (7), of which first branch terminals are connected between a second
branch terminal of the divider/coupler component (4) and the DUT terminal (3) for providing a test
signal (a) to the DUT terminal (3), and second branch terminals are connected between an output
of the I/Q mixer (6) and a grounding impedance (7a).
Embodiment 2. DUT interface device according to embodiment 1, wherein the divider/coupler
component (4) is a high directivity power divider/coupler splitting a test signal on the main terminal
over the first and second branch terminals.
Embodiment 3. DUT interface device according to embodiment 1 or 2, wherein the I/Q mixer (6) is
arranged to generate an injection signal (b;;) which is coherently combined with a reflected signal
(b) received on the DUT terminal (3).
Embodiment 4. DUT interface device according to embodiment 1, 2 or 3, wherein the I/Q mixer
(6) is connected to the control input terminal (8).
Embodiment 5. DUT interface device according to any one of embodiments 1-4, wherein the
variable gain amplifier (5) comprises a plurality of variable attenuators.
Embodiment 6. System for executing measurements on a device under test (DUT, 9) comprising
a vector network analyser (11), at least one DUT interface device (1) according to any one of
embodiments 1-5 connected to an associated measuring port of the vector network analyser (11),
and
a control unit (12) connected to the vector network analyser (11) and to control input terminals (8)
of associated ones of the at least one DUT interface device (1), wherein the control unit (12) is
arranged to provide quadrature control signals (i, Vo) for the associated at least one DUT
interface device (1),
wherein the at least one DUT interface device (1) is connected directly to the device under test
(DUT, 9).
Embodiment 7. System according to embodiment 8, wherein the control unit (12) comprises
digital-to-analogue converters to provide quadrature control signals (Vi, Vq) for each of the at least
one DUT interface device (1).
Embodiment 8. System according to embodiment 7, wherein the vector network analyser (11) is
connected to the control unit (12) using a synchronization interface for executing frequency
sweeps.
Embodiment 9. System according to embodiment 8, wherein the synchronization interface
comprises a control signal {TTL) and an acknowledgment return signal (ACK).
Embodiment 10. Method for using a system according to any one of embodiments 6-9, wherein
the system comprises a DUT interface device (1) according to any one of embodiments 1-5

connected to a first measuring port of the vector network analyser (11), comprising
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calibrating the system by obtaining injection signal parameters to allow measurements of a device
under test (9) connected to the DUT interface device (1).
Embodiment 11. Method according to embodiment 10, further comprising
(a) perform a short-open-load calibration on the first measuring port of the vector network
analyser (11) with the injection signal (biy;) off,
(b) calculating 50Q error terms,
(c) connecting the device under test (9),
(d) compute input reflection coefficient I'in_so of the device under test (8) in a 50 Q environment
and determine required quadrature control signals (Vi, Vg) to minimize the input reflection
coefficient in_so.
Embodiment 12. Method according to embodiment 10, further comprising
(a) connecting a high gamma load as device under test (9) to the first measuring port of the vector
network analyser (11) via the first DUT interface device (1),
(b) determine required quadrature control signals (Vi, Vo) to minimize the reflection coefficients
(Traw),
(c) perform a short-open calibration on the first measuring port of vector network analyser (11)
with the injection signal {bi,) on, and
{d) compute system error terms (eoo_nc, €11_xa, €10€04_na) for the first measuring port of the vector
network analyser (11).
Embodiment 13. Method according to embodiment 11 or 12, wherein the system comprises a
further DUT interface device (1) according to any one of embodiments 1-5, wherein the further
DUT interface device (1) is connected to a second measuring port of the vector network analyser
{11), the method further comprising
repeating steps (a)-(d) for the second measuring port of the vector network analyser (11).
Embodiment 14. Method according to embodiment 10, further comprising,
connecting a high gamma load as device under test (9) to the first and second measuring port of
the vector network analyser (11) via the associated DUT interface devices (1),
acquiring raw input reflection coefficients {Mnraw) On the first measuring port of the vector network
analyser (11) using the associated injection signal (bin),
acquiring raw output reflection coefficients (loutaw) on the second measuring port of the vector
network analyser (11) using the associated injection signal (bir),
acquiring scattering parameters (812w, S21raw ) with injection signals (bij) to both measuring
ports off,
correcting the acquired parameters using the system error terms obtained from the calibration
method step,
obtaining normalized scattering parameters for the high gamma load as device under test (9).
Embodiment 15. Method according to any one of embodiments 10-14, wherein measurement of a
device under test (DUT) is executed at a predetermined frequency with or without injection signals

(bin)) in dependence of a sensitivity parameter (A), the sensitivity parameter (A) being defined as
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the derivative of the magnitude of the reflection coefficient (I) in respect of the magnitude of the
load impedance (Z).
Embodiment 16. Method according to any one of embodiments 10-15, wherein the high gamma
load, in operation, has a high voltage standing wave ratio.
Embodiment 17. Method according to embodiment 16, wherein the voltage standing wave ratio is
higher than 9.

The present invention has been described above with reference to a number of exemplary
embodiments as shown in the drawings. Modifications and alternative implementations of some
parts or elements are possible, and are included in the scope of protection as defined in the

appended claims.
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Conclusies

1. Interface inrichting voor een te testen inrichting (DUT) voor het aansluiten van een
vectornetwerkanalyse-inrichting (11) op een te testen inrichting (9), omvattende

een analyse-inrichtingaansluiting (2), een DUT-aansluiting (3), en een
besturingsingangaansluiting (8),

een splitser/koppelcomponent (4) met een hoofdaansluiting die verbonden is met de analyse-
inrichtingaansluiting (2),

een versterker met variabele versterking (5) die verbonden is met een aansluiting van een eerste
tak van de splitser/koppelcomponent (4),

een I/Q mixer (6) met een ingangsaansluiting die verbonden is met een uitgangsaansluiting van
de versterker met variabele versterking (5),

een brug/koppelcomponent (7), waarvan aansluitingen van een eerste tak zijn verbonden tussen
een aansluiting van een tweede tak van de splitser/koppelcomponent (4) en de DUT-aansluiting
(3) voor het verschaffen van een testsignaal (a) aan de DUT-aansluiting (3), en aansluitingen van
een tweede tak zijn verbonden tussen een uitgang van de I/Q mixer (6) en een

aardingsimpedantie (7a).

2. DUT-interface inrichting volgens conclusie 1, waarbij de splitser/koppelcomponent (4) een
vermogensplitser/koppeling is met een hoge gerichtheid die een testsignaal op de

hoofdaansluiting splitst over de aansluitingen van een eerste tak en een tweede tak.

3. DUT-interface inrichting volgens conclusie 1 of 2, waarbij de 1/Q mixer (8) is ingericht om
een injectiesignaal (bi;) op te wekken dat coherent gecombineerd is met een gereflecteerd

signaal (b) dat ontvangen wordt op de DUT-aansluiting (3).

4, DUT-interface inrichting volgens conclusie 1, 2 of 3, waarbij de I/Q mixer (6) is verbonden

met de besturingsingangaansluiting (8).

5. DUT-interface inrichting volgens één van de conclusies 1-4, waarbij de versterker met

variabele versterking (5) een veelvoud variabele dempers omvat.

6. Systeem voor het uitvoeren van metingen op een te testen inrichting (DUT, 9) omvattende
een vectornetwerkanalyse-inrichting (11), ten minste één DUT-interface inrichting (1) volgens één
van de conclusies 1-5 die verbonden is met een bijbehorende meetpoort van de
vectornetwerkanalyse-inrichting (11), en

een besturingseenheid (12) die verbonden is met de vectornetwerkanalyse-inrichting (11) en met
besturingsingangaansluitingen (8) van bijbehorende van de ten minste ene DUT-interface
inrichting (1), waarbij de besturingseenheid (12) is ingericht om quadratuurbesturingssignalen (i,

Vo) op te wekken voor bijbehorende van de ten minste ene DUT-interface inrichting (1),
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waarbij de ten minste ene DUT-interface inrichting (1) direct is verbonden met de te testen
inrichting (DUT, 9).

7. Systeem volgens conclusie 6, waarbij de besturingseenheid (12) digitaal-naar-analoog
omzetters omvat om quadratuurbesturingssignalen (Vi, Vq) te verschaffen voor elk van de ten

minste ene DUT-interface inrichting (1).

8. Systeem volgens conclusie 7, waarbij de vectornetwerkanalyse-inrichting (11) is
verbonden met de besturingseenheid (12) met gebruik van een synchronisatie-interface voor het

uitvoeren van frequentiezwaaien.

9. Systeem volgens conclusie 8, waarbij de synchronisatie-interface een besturingssignaal

(TTL) en een bevestigingretoursignaal (ACK) cmvat.

10, Werkwijze voor het gebruiken van een systeem volgens één van de conclusies 6-9,
waarbij het systeem een DUT-interface inrichting (1) volgens één van de conclusies 1-5 omvat die
verbonden is met een eerste meetpoort van de vectornetwerkanalyse-inrichting (11), omvattende
kalibreren van het systeem door het verkrijgen van injectiesignaalparameters om metingen
mogelijk te maken van een te testen inrichting (9) die verbonden is met de DUT-interface

inrichting (1).

11, Werkwijze volgens conclusie 10, verder omvattende

(a) uitvoeren van een ‘short-open-load’ kalibratie op de eerste meetpoort van de
vectornetwerkanalyse-inrichting (11) met het injectiesignaal (b)) uitgeschakeld,

(b) berekenen van 50Q fouttermen,

(c) aansluiten van de te testen inrichting (9),

(d) berekenen van ingang reflectiecoéfficiénten (in_so van de te testen inrichting (8) in een 50 Q
omgeving en bepalen van vereiste quadratuurbesturingssignalen (Vi, Vo) om de ingang

reflectiecoéfficiént [in_so te minimaliseren.

12. Werkwijze volgens conclusie 10, verder omvattende

(a) aansluiten van een hoge-gammabelasting als te testen inrichting (9) op de eerste meetpoort
van de vectornetwerkanalyse-inrichting (11) via de eerste DUT-interface inrichting (1),

(b) bepalen van vereiste quadratuurbesturingssignalen (Vi, Va) om de reflectiecoéfficiénten (IMaw)
te minimaliseren,

(c) uitvoeren van een ‘short-open’ kalibratie op de eerste meetpoort van de vectornetwerkanalyse-
inrichting (11) met het injectiesignaal (bij) ingeschakeld, en

(d) berekenen van systeemfouttermen (eoo_nc, €11_ns, €10€01_na) VOOr de eerste meetpoort van de
vectornetwerkanalyse-inrichting (11).
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13. Werkwijze volgens conclusie 11 of 12, waarbij het systeem een verdere DUT-interface
inrichting (1) omvat volgens één van de conclusies 1-5, waarbij de verdere DUT-interface
inrichting (1) verbonden is met een tweede meetpoort van de vectornetwerkanalyse-inrichting
(11),
waarbij de werkwijze verder omvat

herhalen van stappen (a)-(d) voor de tweede meetpoort van de vectornetwerkanalyse-inrichting

(11).

14. Werkwijze volgens conclusie 10, verder omvattende,

aansluiten van een hoge-gammabelasting als te testen inrichting (9) op de eerste en tweede
meetpoort van de vectornetwerkanalyse-inrichting (11) via de bijbehorende DUT-interface
inrichtingen (1),

verkrijgen van ruwe ingang reflectiecoéfficiénten (Inaw) Op de eerste meetpoort van de
vectornetwerkanalyse-inrichting (11) met gebruik van het bijbehorende injectiesignaal (b)),
verkrijgen van ruwe uitgang reflectiecoéfficiénten (loutaw) Op de tweede meetpoort van de
vectornetwerkanalyse-inrichting (11) met gebruik van het bijbehorende injectiesignaal (bi),
verkrijgen van strooiingsparameters (S12mw, S21mw ) met injectiesignalen (bij) op beide
meetpoorten uitgeschakeld,

corrigeren van de verkregen parameters met gebruik van de systeemfouttermen die verkregen
zijn met de kalibratiewerkwijzestap,

verkrijgen van genormaliseerde strooiingsparameters voor de hoge-gammabelasting als te testen

inrichting (9).

15. Werkwijze volgens één van de conclusies 10-14, waarbij meting van een te testen
inrichting (DUT) wordt uitgevoerd bij een vooraf bepaalde frequentie met of zonder
injectiesignalen (b)) afhankelijk van een gevoeligheidsparameter (4), waarbij de
gevoeligheidsparameter (A) gedefinieerd is als de afgeleide van de grootte van de

reflectiecoéfficiént (I") met betrekking tot de grootte van de belasting impedantie (Z).

16. Werkwijze volgens één van de conclusies 10-15, waarbij de hoge-gammabelasting,

tijdens bedrijf, een hoge spanning-staandegolfverhouding heeft.

17. Werkwijze volgens conclusie 16, waarbij spanning-staandegolfverhouding groter is dan 9.

FAXEEAEE
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Abstract

Device under test (DUT) interface device for use in a system for executing measurements on a
device under test (9) with a vector network analyser (11).

The DUT interface device comprises a divider/coupler component (4), a variable gain amplifier
(5), an 1/Q mixer (8) and a bridge/coupler component (7} and provides a test signal (a) to the DUT
terminal (3).

The system further comprises a control unit (12) connected to the vector network analyser (11)
and to control input terminals (8) of associated ones of the at least one DUT interface device (1).
The control unit (12) provides quadrature control signals (Vi, Vaq) for the associated at least one
DUT interface device (1), which are connected directly to the device under test (9).

The present invention further relates to proper calibration and measurement methods.

[Fig. 4]
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Box No. i Basis of this opinion

. This opinion has bean established on the basis of the latest sotof ¢laims fied Defore tha stark of the search.

2. With regard to any niclectide andior amino acid sequence disclosedt irihé application and necessary o the

claimed invention, Hiis opinion has been established on ths basis of:
a. type of material:

1 asequence listing

L1 tablets) refateddo the sequence listing
b format of materiak

O onpaper

£ i electronic form
¢, Hme of filingfuraishing:

£l contained in the application asfiled.

L3 filed together with the application: in electranic form.

1 fumished subsequently for the purposes of search.
. B} ncaddition, in the case thal more than ong-version oy copy of a sequence listing andor table relating thersto
hag bean filed orfumishad, the required staternenis that the.nformation in the subseguent or additional
coplas isddentical to that in the gpplication as hled or doas not go beyond the application ag filad, as
gppropriate, wera furnishad

- Adgitional comments:

Box No. V' Reasoned statement with regard 10 novelty, inventive step or industrial applicability;
citations and explanations supporting such siatement

P

1. Statement
Nowvealty ¥es: Claims 2417
No: Claims 1
inventive step Yes: ‘Claims:
Mo Claims 117
indusirial applicability Yeog: Claims 117

Mo Claims

Citations and explanations
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3 Re lem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1.1 Reference is made to the following documents:

21 MUBARAK FAISAL ET AL "Evaluation and modaling of
measurement resolution of a vector network analyzer for extreme
impedance measurements”,

2015 88TH ARFTG MICROWAVE MEASUREMENT
CONFERENCE, IEEE, 3 december 2015 {2015-12-03),
bladzijden 1-3, XPO32849340,

DOL 101 10%/ARFTGR.2015.7381475

{gevonden op 2016-01-12}

Dg Gerasimos Viachogimmakis ET AL "An FQ-Mixer-Steering
interferametric Technique for High Sensitivity Measurement of
Extreme Impedances”,
17 mei 2015 {(2015-05-17), XPOBE3GT7231,
Gevonden op het internet:
URL:htip/liesexplore.ices.org/
iRl 7/7188722/71866703/07 186830 pdf?
tp=&arnumber=7188830&isnumber=7166703
[gevonden op 2017-08-09)
in de aanvraag genoemd

D3 KAMEL HADDADI ET AL: "Interferometne technique for
microwave measurement of high impedances®,
MICROWAVE SYMPOSIUM DIGEST (MTT), 2012 IEEE MTT-S
INTERNATIONAL, 1EEE, 17 juni 2012 {2012-06-17), bladzijden
1-3, XPO32217070,
DOE 101 109/MWSYM.2012.6250554
ISBN: 878-1-4673-10858-7

1.2 The present application does not meet the criteria of patentability, because
the subject-matter of claim 1 is not new.,

1.3 D1 (Fig.1) is regarded as being the prior art closest to the subject-matter of
claim 1, and discloses:

Forrn NL2S7-8 {separaie sheeti{duly 2O0S) {sheet 1}
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1.4

1.5

2.1

a device under lest inferface device (Fig.1) for connecling a vector network
analyser () 10 a device undey test (implicit for Rel.), comprising an
analyser terminal (implicitly present between w, and power splitter}, a
DUT terminal (implicitly present between inj. coupler and Ref.}, and a
control input terminal (Vi Vo, a divider/coupler component {power splitter)
having a main terminal connected o the analyser terminal {terminal between
wy and power splitter), a variable gain amplifier {amplifier) connected o a
first branch terminal of the divider/coupler component {power splitter), an 1/Q
mixer (1K mixer) having an input terminat connected to an cutput terminal of
the variable gain amplifier (amplifier), a bridge/coupler component {ing.
coupler), of which first branch lerminals are connected between a second
branch terminal of the divider/coupler componant {splitter) and the DUT
terminal {(Ref.) for providing a test signal (a) to the DUT terminal (Refl.), and
second branch terminals are connecled between an output of the /G mixer
({0 mixer) and a grounding impedance (implicitly present, since
analogous to Figurs 1 of the applicant’'s prior art, XPO55397231).

The zame reasoning applies, mutatis mutandis, 10 the subject-matter of the
corresponding features of the independent method claim 10, and since the
calibration of the system by obtaining injection signal parameters ia
considered to represent standard practice of a skilled person, the
independent method claim 10 is considered not inventive,

Dependent claims 2-8 and 1117 do not contain any teatures which, in
combination with the features of any claim to which they refer, meet the
requirements of novelty and/or inventive step, since the added features ave
gither disclosed or rendered obvious by the above citations or come within the
scope of conventional practice followed by the skilled person.

Re ltem Vi

Certain defects in the application

independent claim 1 is not in the two-part form, which in the present case
would be appropriate, with those features known in combination from the prior
art being placed in the preamble and the remaining features being included in
the characterising part.

The relevant background art disclosed in D1 is nol mentioned in the
description, noris this document identified therein.
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