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(57) ABSTRACT

Low loss current and voltage probes are integrated in parallel
plate airlines (slablines) to be used either as separate modules
inserted between tuner and DUT in load pull test setups, or
integrated in the impedance tuners themselves. The probes
are inserted orthogonally at exactly the same reference plane
relative to the DUT, maximizing bandwidth and the minimiz-
ing deformation of the detected electric and magnetic fields.
The probes are used to detect the actual voltage and current
waveforms and feed into an amplitude-and-phase calibrated
high speed oscilloscope, including several harmonic frequen-
cies. The actual real time voltage and current time domain
waves are transformed into the frequency domain using fast
Fourier transformation (FFT), de-embedded to the DUT ref-
erence plane and inverse transformed into the time domain
using inverse Fourier transformation (FFT™'). The result of
this real-time operation is the actual dynamic load line of the
DUT at its terminals.
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FIGURE 1: Load pull test setup for measuring power contours and real time voltage and current

of a DUT, using I-V probes.



U.S. Patent Mar. 26, 2013 Sheet 2 of 23 US 8,405,405 B2

Drain Ip
Gate 4 lvns Z (Load)

Vas l

Source

Current (Ip)

Load-Line
Output signal (Ip)
5 Quiescent
) point
T
L
Control Voltage ‘ ; Output Voltage
(Vas) / i (Vs)

Control signal

. Time
Time

FIGURE 2: Prior art, (a) Voltage-Current definitions and (b) I-V curves and Load-Line of a
typical filed-effect transistor (FET) in quasi linear operation (Class A).
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FIGURE 3: Prior art, (a) Voltage-Current definitions and (b) I-V curves and Load-Line of a
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typical filed-effect transistor (FET) in strongly nonlinear operation (Class C-F...).
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FIGURE 7: Prior art, [2], I-V probes and embodiment in a Slabline structure.
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FIGURE 8: Prior art, [2], I-V probe and embodiment in a micro-strip structure.
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FIGURE 10: Prior art, Electric and magnetic field distribution in a Slabline. Electric field lines

are perpendicular to Slabline walls and central conductor as well as to magnetic field lines.
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FIGURE 21: Setup for measuring Load Pull and Load-lines at the input and the output of the
DUT
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WIDEBAND I-V PROBE AND METHOD

PRIORITY CLAIM

61/202,007
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BACKGROUND OF THE INVENTION

This invention relates to load pull testing of microwave
power transistors using automatic microwave tuners in order
to synthesize reflection factors (or impedances) at the input
and output of said transistors and analyze their large signal
load-line behavior.

A popular method for testing and characterizing micro-
wave transistors at high power nonlinear operation is “load
pull” and “source pull” [10]. Load pull or source pull are
measurement techniques employing microwave tuners and
other microwave test equipment. The microwave tuners in
particular are used in order to manipulate the microwave
impedance conditions under which the Device under Test
(DUT, or transistor) is tested (FIG. 1).

Whereas load and source pull provide information about
the RF impedance presented to the DUT at the fundamental
(Fo) and harmonic (2Fo, 3Fo, 4Fo, . .. ) frequencies, it does
notyield any information about the actual voltage and current
trajectory in real time. As long as the voltage and current
peaks around the quiescent operating bias do not exceed
breakdown values, the transistor operation is considered safe.
(FIG. 2) This kind of operation is typically called “class A” or
“class A-B”, or “class B”. However, in many cases the tran-
sistors are biased such as to allow current flow only when the
signal exceeds a certain value. This is a “burst” kind of opera-
tion and allows a drastic increase in power added efficiency,
since the current and power consumption is zero in the
absence of an input signal (FIG. 3). Such operation conditions
are usually called “class C”, “class F”, etc . . . ).
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In a case like this the overall voltage excitation applied to
the transistor between the control port (Gate) and the output
port (Drain) can reach and exceed values into the avalanche
breakdown range: V=V ps+|Vgdl, (FIG. 3). In this case
some transient avalanche current is going to flow at each peak
voltage and the transistor will degrade rapidly towards mate-
rial migration and electrical failure.

Further on the voltage-current trajectory, typically called
the “load-line”, will depend on the complex impedance pre-
sented to the transistor (FIGS. 1-3). It is therefore important to
investigate and associate said load-line not only to the signal
amplitude applied to the DUT, but also to the complex RF
load. Since the DUT is operating under strong nonlinear
conditions and the input signal is distorted, there are har-
monic components created, which need to be terminated with
the corresponding harmonic loads. A setup that allows this
test is a “harmonic load pull setup” as shown in FIGS. 1, 21.

DESCRIPTION OF PRIOR ART

The voltage and current flowing through a transistor (DUT)
can be measured using voltage and current (I-V) probes and a
real time or sampling high speed oscilloscope [7, 8]. At
microwave frequencies such probes are made using electric
field sensors (antennas) and magnetic field loops (FIG. 4).
The electric field sensor measures the voltage and the mag-
netic loop the current flowing in the transmission line at the
fundamental frequency (Fo) and the harmonics (2Fo, 3Fo,
4Fo, .. .). The configuration of FIG. 4 is prior art. FIGS. 5, 6,
7, 8 are also from prior art [1, 2].

As canbe seen from FIGS. 5, 6, the electric field sensor and
the magnetic field loop are placed next to each-other, in
direction of the signal propagation inside the transmission
line. This creates an undesired phase offset between the
detected voltage and current and limits the frequency band-
width, when the distance between the two probes reaches
~10 wavelength, in which case the probe assembly cannot be
considered as “lumped” element any more.

Inaddition this “next to each other” configuration (FIGS. 5,
6, 8) creates a mutual influence between the electric and the
magnetic sensors as follows (FIG. 9): The electric current
flowing through the electric sensor, induced by the electric
field in the slabline, creates around said electric sensor a
secondary magnetic field, which is also detected by the mag-
netic loop placed in close proximity. This falsifies the current
reading of the magnetic sensor. On the other hand, the physi-
cal proximity of the metallic conductor of the magnetic loop
to the electric sensor, will deform the electric field lines,
which will turn towards the closest metallic surface (FIG. 9)
and thus result in false voltage readings of the electric field
sensor. Both these phenomena are falsifying the measure-
ment, but are inherent to the prior art sensor assembly con-
figuration (FIGS. 5, 6, 8).

In conclusion, previously described field detection probes
(FIGS. 5, 6, 8) share common disadvantages: they are con-
figured along the propagation axis of the signal and thus do
not detect the voltage and currents at the same position, thus
limiting the bandwidth (FIG. 4). The second short-coming of
prior described probes is the proximity of the metallic con-
ductors which do influence each-other mutually (FIG. 9).
This phenomenon limits the sensitivity of the probes and
leads to false data.

FIG. 7[2] shows electric and magnetic probes positioned at
opposite sides of the center conductor of a slabline; even if
this configuration avoids both said disadvantages (cross cou-
pling and phase offset), it is not optimum, since the electric
field is extremely weak above and below the center conductor
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and is strongest towards the side walls of said slabline (FIG.
10); and, because the electric field above and below the center
conductor is very weak, the electric field sensor needs to be
placed closer to said center conductor with a distorting effect
on the magnetic field in its surroundings.

No previous invention describes an orthogonal configura-
tion as used in the present apparatus (FIG. 11).

Load lines of microwave transistors have been reported
before [4]. They are measured using either voltage-current
probes or low loss directional couplers and Large Signal
Network Analyzers (LSNA). The LSNA method allows also
measuring scattering parameters (s-parameters) at harmonic
frequencies and uses them to develop large signal models. A
very compact and low loss coupler structure has been used to
detect the traveling waves on a slabline [1]. However this
configuration requires a complete vector calibration and an
additional phase standard for all harmonic frequencies and a
(preferably) four-port network analyzer, in order to yield the
load-lines [4].

Inour casethe I-V sensor assembly allows direct reading of
the voltage and current on the slabline and fast Fourier trans-
formation (FFT) [6] allows converting from the time domain
to the frequency domain and back as a known technique is
used in this invention as well. The load-lines are, in fact, the
known from literature Lissajous curves [5].

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The invention and its mode of operation will be more
clearly understood from the following detailed description
when read with the appended drawings in which:

FIG. 1 depicts a Load pull test setup for measuring power
contours and real time voltage and current of a DUT, using
1-V probes.

FIG. 2 depicts prior art, (a) Voltage-Current definitions and
(b) I-V curves and Load-Line of a typical filed-effect transis-
tor (FET) in quasi linear operation (“Class A”).

FIG. 3 depicts prior art, (a) Voltage-Current definitions and
(b) I-V curves and Load-Line of a typical filed-effect transis-
tor (FET) in strongly nonlinear operation (“Class C”, “Class-
F).

FIG. 4 depicts prior art, Voltage-Current Probe inside a
Slabline: the Slabline can be part of an impedance tuner.

FIG. 5 depicts prior art [1], adjustable I-V probe in a
Slabline.

FIG. 6 depicts prior art [2], I-V probe and embodiment in a
Slabline.

FIG. 7 depicts prior art, [2], I-V probes and embodiment in
a Slabline structure.

FIG. 8 depicts prior art [2], I-V probe and embodiment in a
micro-strip structure.

FIG. 9 depicts mutual coupling between adjacent [-V
probes.

FIG. 10 depicts prior art, Electric and magnetic field dis-
tribution in a Slabline. Electric field lines are perpendicular to
Slabline walls and center conductor as well as to magnetic
field lines.

FIG. 11 depicts voltage and current probe embodiment in a
Slabline for weak electric field coupling.

FIG. 12: Ideal form of current sensor having identical
vertical legs L1 and 2.

FIG. 13 depicts voltage and current probe embodiment in a
Slabline for strong electric field coupling.

FIG. 14 depicts voltage and current probe embodiment in a
Slabline for strong electric field coupling, placed at the top.
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FIG. 15 depicts voltage and current probes in a Slabline,
placed at the same reference plane, or the same distance from
the DUT.

FIG. 16 depicts a side view and cross section of [-V probe
embodiment.

FIG. 17 depicts the calibration of Oscilloscope.

FIG. 18 depicts a three port calibration setup for the I-V
probe module.

FIG. 19: Error calibration of IV sensor module using an
automatic high reflection tuner.

FIG. 20 depicts a setup for measuring [.oad Pull and Load-
lines at the output of the DUT.

FIG. 21 depicts a setup for measuring [.oad Pull and Load-
lines at the input and the output of the DUT.

FIG. 22 depicts measured Voltage and Current as a function
of'time; a) at I-V probe reference plane, ¢) at DUT reference
plane; Load-line at b) probe reference plane, d) DUT refer-
ence plane.

FIG. 23 depicts Impedance tuner with electric-magnetic
field sensors integrated inside the tuner housing.

DETAILED DESCRIPTION OF THE INVENTION

The electric-magnetic field sensor assembly described here
avoids the shortcomings of existing solutions; the fact that
said sensor assembly is mounted inside a low loss slabline
(FIG. 11) allows an orthogonal configuration, in which the
electric field sensor is close to the strongest area of the electric
field and the magnetic field sensor is shielded by the center
conductor and detects the magnetic field either at the bottom
or at the top of said slabline, in which area the electric field is
weakest and least disturbed.

Even though there will be a small electric field deformation
due to the presence of said magnetic field loop at the bottom
of said slabline, the electric field in this area is quasi zero,
because in the slabline structure the electric field is concen-
trated towards the sidewalls (FIG. 10). The magnetic to elec-
tric field influence is therefore the smallest possible.

The electric current, induced into the electric field sensor
creates a surrounding magnetic field; however this field, in
addition to being very small, when it reaches the bottom of
said slabline, it is also tangential to said magnetic loop at the
bottom of said slabline and cannot be detected by said mag-
netic loop (FIG. 11). The electric to magnetic field influence
is therefore also minimized.

In consequence the orthogonal mounting configuration of
said electric-magnetic field sensors is, in the case of a
slabline, the optimum configuration regarding cross-coupling
between electric and magnetic fields (FIG. 11). This orthogo-
nal configuration also allows placing said sensors at the same
cross section of said slabline, thus eliminating any distance
between said sensors in the direction of the signal flow (FIG.
15). This allows detecting the electric and magnetic fields at
the same phase and maximizing the frequency response band-
width of the sensor assembly.

The electric field sensor (FIG. 9) cannot detect magnetic
field energy, since it does not comprise a closed conductive
loop. However, the magnetic field sensor at the bottom or at
the top of said slabline (FIG. 12) may detect the electric field
present in this area, which will induce a residual Iv current in
the loop, if the two induced electric field vectors E1 and E2
are big enough and not identical; if said electric field vectors
E1 and E2 are identical and opposite they will cancel each-
other (FIG. 12) and the residual current Iv will be zero. In
order to optimize the detecting behavior of said magnetic field
sensor, in the sense that it will detect a minimum electric field,
both vertical legs of the sensor loop have to be manufactured
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as small as possible, identical in length and parallel to the
central conductor of the coaxial cable. If said legs are identi-
cal, any detected electric field will have opposite sign and
cancel each-other (FIG. 12).

By inserting or withdrawing said sensors from the slabline
the coupling can be manually adjusted easily. It can be
brought to best fit the frequency range of interest and the level
of signals used (FIGS. 13, 14).

The sensor assembly needs to be calibrated, together with
the oscilloscope, in order to enable accurate reading and
transformation to the DUT reference plane. This can be done
by connecting a known RF signal at the fundamental and the
harmonic frequencies to the input of each channel of the
oscilloscope [7, 8] and retrieve the response via instrument
communication (GPIB, USB or TCP/IP) into the control
computer, which will compare the data and compute correct-
ing factors, or calibration factors, for the signal’s amplitude
and relative phase, for each harmonic frequency. This can be
done easily using a sweep signal source and a remotely con-
trolled RF switch, of the type SP4T, which connects a com-
mon input port to four output ports (FIG. 17, configuration
A)). The RF transmission of the switch must be calibrated, for
each position, ahead of time and the data must be included in
the overall calibration, as is known in prior art. After such
calibration the data retrieved by the computer from each
channel of the oscilloscope will be corrected in amplitude and
phase to the input port of each sensor.

A further calibration step is required between the output
port of said sensors and the DUT reference plane (FIGS. 18,
19). The absolute value of the oscilloscope voltage reading
needs to be calibrated. This is a simple procedure, in which
the said source signal is connected with a calibrated RF power
meter and the absolute power reading is registered at each
harmonic frequency (FIG. 17, configuration B)). Since both,
the oscilloscope input ports and the signal source output port
have an internal impedance of 50Q, the voltage reading can
be calibrated using the simple relation: V,=V2*50Q*P;
where P is the measured power (in Watts) at the calibrated
power meter, and V, should be the voltage reading at the
oscilloscope (in Volts). If the actual oscilloscope reading is
differentthan'V ,, then a correction must be applied, as part of
the calibration procedure.

Despite the fact that the voltage and current probes are
mounted orthogonally and the current probe is placed in an
area of minimum electric field, there will always be some leak
of electric field into the current probe. This error may be
corrected by means of an additional calibration step (FIG.
19). In this setup a high reflection impedance tuner creates an
adjustable high VSWR and standing voltage and current
waves on the slabline, which are 90° out of phase. The error
appears in form of a vector Iv=IIvlexp(j¢) which is superim-
posed on the actual current vector 1. Both can be measured
using the setup of FIG. 19 a); when the standing wave created
by the tuner corresponds to a maximum voltage at the voltage
sensor level, then the actual current should be I=0, but it is not,
due to the error vector Iv. Therefore the reading at the current
probe corresponds to |Ivl; normally the reading should be
Iv=0, but it is not, because of the leakage. The phase of said Iv
vector can be determined when we shift the standing wave
using said tuner such as to reach a current reading minimum.
In this case the actual current reading will be anti-phase with
the leakage vector Iv. The phase shift needed to reach this
point is the phase of the leakage vector. The leakage error
vector Iv needs to be added to the current reading of the
oscilloscope by the control computer.

FIGS. 20 and 21 show typical load pull setup and the
associated current and voltage probes, connected to the oscil-
loscope. In the setup of FIG. 20 only two channels are used,
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for measuring the output voltage and current. The setup can
be extended to measure the input voltage and current using
probes inserted symmetrically to the DUT reference plane,
between the DUT and the input tuner (FIG. 21). The probes
themselves can be integrated in the tuner slabline or be exter-
nal modules. In any case the voltage-current probes must be
inserted between the DUT and the first probe of said tuner; the
first probe of said tuner is the closest one to the test port of said
tuner.

Wideband slide screw impedance tuners can be used for
manipulating the RF impedance at the fundamental fre-
quency (Fo) [10]; multi-probe impedance tuners [11] can be
used, preferably at the output of the DUT, in order to manipu-
late the RF load impedance at the fundamental (Fo) and
harmonic (2Fo, 3Fo, .. .) frequencies. Such a setup reveals the
effect of harmonic tuning on the trajectory of the load-line of
the DUT under strong nonlinear operation (“Class C” and
higher). In some cases multi-harmonic tuners can also be used
at the input of the DUT.

Once calibrations are terminated the time domain voltage
and current data retrieved from the oscilloscope must be
converted to the frequency domain using Fast Fourier Trans-
formation (FFT) [6]. The obtained harmonic frequency com-
ponents are multiplied by the transfer coefficients between
the oscilloscope ports and the DUT reference plane, including
the correction factors determined during the channel calibra-
tion. Finally the obtained frequency components are pro-
cessed by inverse Fast Fourier Transformation (FFT~") into a
corrected time domain trace. Plotting the outcome of the
magnetic field sensor (current) versus the outcome of the
electric field sensor (voltage) results in the dynamic load-line
of'the DUT at its reference plane [5].

FIG. 20 shows a load pull setup with load-line measure-
ments capability and the associated calibration path refer-
ences. {S,} is the transmission factor between the oscillo-
scope and voltage probe, {S.} is the transmission factor
between oscilloscope and current probe, {S,,,} is the trans-
mission factor between the DUT output port and the RF
connectors of said voltage and current probes. The same
calibration steps must be doubled in case an input side sensor
assembly isused (FIG. 21). The whole setup is automated via
a system computer, which controls the tuners and reads the
power meter and the oscilloscope. The load pull measurement
technique is known from prior art and not shown here [10].

FIG. 22 shows measured load-line results on a saturated
amplifier at a fundamental frequency Fo=2 GHz. The top two
plots show voltage-current and load-line at the oscilloscope
reference plane and the lower two plots show the same results
at the DUT (amplifier output) reference plane. The distorted
signal form in FIG. 22 a) shows that the signal from the
amplifier measured at the oscilloscope ports includes several
harmonic components, which have been identified by the FFT
transformation and de-embedded back into the amplifier out-
put port (FIG. 20 ¢)).

FIG. 23 shows the preferred embodiment of a voltage-
current sensor assembly inside an impedance tuner. Said
tuner may be a single probe wideband tuner or a multi-probe
harmonic tuner.

The present invention has been described in a preferred
embodiment and shall not be limited by alternative configu-
rations, such as the use of alternative measuring instruments
or alterations of said calibration procedures.

What we claim as our invention is:

1. An electro-magnetic signal sampling assembly compris-
ing an electric field sensor and a magnetic field sensor, said
sensors being incorporated in a low loss parallel plate airline
(slabline); said slabline comprises an input (test) port and an
output (idle) port and a center conductor connecting both
ports; said electric field sensor being made as an extension



US 8,405,405 B2

7

(probe) of the center conductor of a coaxial cable and said
magnetic field sensor being a grounded loop made using the
extension of the center conductor of a coaxial cable; said
electric and magnetic sensors being mounted orthogonally to
each other and to the center conductor of said slabline and at
the same electrical distance from the test port of said slabline,
said electric field probe being inserted in the sidewall of said
slabline at the approximate height of the center conductor and
said magnetic field sensor being inserted perpendicularly
either through the bottom or top plate of said slabline.

2. An electro-magnetic signal sampling assembly as in
claim 1, wherein the protrusion of the probe of said electric
sensor inside said slabline can be varied to adjust the strength
of the electric coupling.

3. An electro-magnetic signal sampling assembly as in
claim 1, wherein the distance of said magnetic sensor from
the center conductor of said slabline can be varied to adjust
the magnetic coupling.

4. An electro-magnetic signal sampling assembly as in
claim 1, wherein said magnetic field sensor is built from the
extended center conductor of the coaxial cable; said extension
is forming a conductive closed loop of which one end is
attached to the conductive mantle (ground plane) of said
coaxial cable; the plane of' said conductive loop being parallel
to the center conductor of said slabline.

5. An electro-magnetic signal sampling assembly as in
claim 1, wherein said test port of said slabline being con-
nected to a device under test (DUT).

6. An electro-magnetic signal sampling assembly as in
claim 5, comprising an electro-mechanical impedance tuner
including a signal sampling section and a tuning section; said
sampling section comprising the electric field sensor and the
magnetic field sensor, and said tuning section comprising the
test port and the idle port, said ports being connected by said
slabline; and one or more metallic capacitive probes verti-
cally insertable in a slot of said slabline, the distance of said
sensors from the center conductor of said slabline and from
the test port being remotely controllable by stepper motors
and appropriate gear; said signal sampling section being
inserted between the test port and the tuning section.

7. An electro-magnetic signal sampling assembly as in
claim 6, comprising a test setup in which the device under test
(DUT) is connected to said impedance tuner and to a signal
source and power meter; the electric and magnetic sensors
being connected to a high speed oscilloscope to measure the
voltage and current propagating between said DUT and the
impedance tuner.

8. An electro-magnetic signal sampling assembly as in
claim 6, wherein said oscilloscope is calibrated on each of its
channels in amplitude and phase at the fundamental and all
harmonic frequencies.

9. An electro-magnetic signal sampling assembly as in
claim 7, wherein said oscilloscope is calibrated by connecting
an RF signal at the fundamental (Fo) and harmonic frequen-
cies (2Fo, 3Fo, 4Fo, 5Fo...) to each channel of said oscillo-
scope individually and measuring the response, registering
the deviation between responses and correcting for deviations
of the amplitude and the relative phase between channels.

10. An electro-magnetic signal sampling assembly as in
claim 9, wherein said RF signal is connected to said channels
of the oscilloscope by means of a SP4T (single pole four
throw) RF switch; said RF switch is calibrated for each posi-
tion by measuring its transmission coefficient at the funda-
mental and harmonic frequencies using a vector network
analyzer and the result is corrected for each channel to the
common port of said RF switch.
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11. An electro-magnetic signal sampling assembly as in
claim 5, further comprising wherein the electric and magnetic
sensors are connected to the input ports of'an oscilloscope and
the signal is measured at the ports of said oscilloscope when
said slabline of said signal sampling assembly is matched at
its idle port with the characteristic impedance Zo (typically
50Q); and a known RF power is injected into the test port of
said assembly using a matched signal source at the funda-
mental (Fo) and all harmonic frequencies (2Fo, 3Fo, 4Fo,
5Fo...); and calculating signal transfer factors from said sig-
nal sampling assembly test port to the input ports of said
oscilloscope as the ratio between injected RF power and
power measured at the ports of said oscilloscope.

12. An electro-magnetic signal sampling assembly as in
claim 11, wherein signal samples are retrieved by said oscil-
loscope as a function of time (time domain), which is con-
nected to said electric and magnetic field sensors correspond-
ingly;

said time domain signals samples are converted into a

series of harmonic components (frequency domain)
using the fast Fourier transformation method (FFT), the
results of amplitude and phase of the harmonic fre-
quency components being then corrected by said trans-
fer factor at the fundamental and harmonic frequencies.

13. An electro-magnetic signal sampling assembly as in
claim 12, wherein said harmonic frequency components are
multiplied with a transmission matrix of a test fixture between
a DUT reference plane and the slabline test port; said test
fixture include a housing of the DUT connected to said sensor
assembly.

14. An electro-magnetic signal sampling assembly as in
claim 13, wherein said harmonic frequency components are
processed using the Inverse Fourier transformation method
(FFT™!) and converted into the real time voltage and current
data at the DUT reference plane.

15. An electro-magnetic signal sampling assembly as in
claim 14, wherein said current as a function of voltage at said
DUT reference plane results in the load line of said DUT.

16. An electro-magnetic signal sampling assembly as in
claim 15, wherein said impedance tuner allows manipulating
the RF impedance and measuring, calculating and displaying
simultaneously said load line of said DUT.

17. An electro-magnetic signal sampling assembly as in
claim 15, wherein said impedance tuner is a multi-probe
impedance tuner and allows manipulating the RF impedance
at the fundamental and harmonic frequencies separately and
measuring simultaneously voltages, currents and said load
line of said DUT.

18. An electro-magnetic signal sampling assembly as in
claim 15, wherein the signal sampling assembly and imped-
ance tuner are connected at the input side of said DUT and
allow manipulating the source impedance and measuring
voltages, currents and the load line of said DUT; said signal
sampling assembly being inserted between tuner and said
DUT.

19. An electro-magnetic signal sampling assembly as in
claim 17, wherein said signal sampling assembly is integrated
in the housing of said source and load impedance tuner and
placed between the test port of said tuner and the probe.

20. An electro-magnetic signal sampling assembly as in
claim 1, wherein the angle of the grounded loop of the mag-
netic field sensor can be varied by rotating said loop around
the axis of the coaxial cable carrying said magnetic loop to
adjust the magnetic coupling.
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