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1 Introductlon . L

Although pulse power of the microwave sources bemg researched in laboratories, as
well as being manufactured by industry, is continuously growing up the methods practically
used for pulse power measurement are not adapted for the measurement of h1gh power
microwave (HPM) pulses. At present the measurement of the output power of pulsed
microwave sources is based on two methods [1].

The first method relies on the measurement of the average power using average power
‘meter. To get the pulse power the measurement result is divided by the duty cycle that is
‘measured with video detector and an oscilloscope. Such technique can be applied for the
measurement of HPM pulses. At least two dlsadvantages of this technique can be mentioned.
First, the accuracy of the measurement becomes poor, when applying the method for the
measurement of non-rectangular pulses. Second, this technique is of little use when measuring

_ single or low repetition rate pulses.

The other method is based on the conversion , of a microwave pulse to the DC pulse
using calibrated planar-doped barrier diode. It can be employed for the measurement of HPM
- pulses as well. Main disadvantage of the diodes when using them for HPM applications is that
the diodes can handle only a very low power level. Highest pulse power can be measured by
the planar-doped barrier diodes is of the order of 100-200 mW [1]. Therefore, when the diode
is applied for the measurement of HPM pulses the initial pulse has to be strc’mgly attenuated.
From the one hand, large attenuation of the microwave power results in a decrease in -
measurement accuracy. In addition, the size and weight of the measurement system increases,
its control becomes complicated. From the other hand, when measuring pulsed microwave
power of the order of mW, the diode outputs a DC pulse with amplitude of the order of mV.
To measure such small DC signal in the presence of stray pick-up and electromagnetic -
interference that are typical to the environment of HPM sources shielded chambers with the -
measurement equipment situated at a respectful distance from HPM source ‘are usually
employed. Installation of shrelded chambers. confmes the ﬂex1b111ty of the measurement
system its price increases. :

Having in mind that at present, different types of pulsed high power microwave
(HPM) oscillators and amplifiers are used in communication systems, radars, electromagnetic
testing facilities, scientific research, and military projects. Many HPM systems should be
continuously monitored for output pulse’s power level during manufacturing and operation.
The large number of measurements involved and their importance dictate that the
measurement equipment and techniques should be accurate, reproducible, and convenient to
use. ' . )

In Microwave laboratory we have developed an alternative device for HPM pulse
measurement — resistive sensor (RS) the performance of which is based on electron heating
effect in semiconductors. Due to electron heating in the electric field of the microwave pulse
the resistance of the RS increases and by measuring this resistance change the microwave .
pulse power in the waveguide is determined. Main advantages of the RS over the diode are
the following: it can measure about 60 dB higher power level, produces high output signal, is
overload resistant and demonstrates very good long term stability. The waveguide-type RS
developed in our laboratory is used in Russian, Swedish and USA microwave centers. Our
activities in a waveguide-type RS area have been described in a recent review atticle [2].

Unfortunately, waveguide-type RS is not free from some drawbacks. First, the
frequency range where the particular device can be used is restricted by the bandwidth of the
certain waveguide. Hence for the HPM pulse measurement in a wide frequency range a set of
sensors has to be used. Therefore, the measurement system becomes complicated and its cost
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increases. Moreover, at a lower frequency size and weight of the waveguide section with the
RS increases and it becomes inconvenient in use. Second, as it was shown in [3] the
sensitivity of the X-band RS changes more than two times in the frequency band. Likely, that
the same frequency response is characteristic to the RS for other frequency bands. These two
~ features of the waveguide-type RS confine its wider appllcatlon for HPM pulse measurement
in a different frequency bands.

Our investigation described in this report is devoted to the development of a coaxial-
type RS (CRS). The CRS should keep up the main advantages of the waveguide-type RS
(measurement of HPM pulse directly, high output signal), while keeping the other principal
characteristics (flatness of frequency response and VSWR) at the same level as of a
conventional diode (see Appendix). The final report is organized as follows. In Section 2 the
principle of the CRS design is described. In the subsections of this section the concept of the
CRS, the sensing element, matching of it with the transmission line, low-pass filter and output
signial measurement. circuit are considered. The possibilities to consider other possible
versions of the SE is discussed in Section 3. Present realizations of the CRS is described in .
Section 4. Measured CRS characteristics are collected in Section 5. Conclusions, references

-and acknowledgements are found in Sections 6 to 8. In the Appendixes 9 the desirable
technical characteristics and short description of the FDTD program used for calculations are
presented. Throughout the report, we used the term “pulse power” to mean instantaneous or
envelope power. : o '

2 CoaxialAtype resistive sensor
In this section the principle of the CRS design is presented. Main parts of the CRS

such as sensing element, matching of the sensing element with the coax1al line, low-pass filter
and signal measurement circuit are cons1dered

2.1. The concept

.- The CRS is thought to be a two termmal device. One of them will be used to connect
the sensor to a coaxial line where the measuring microwave pulse is propagating. The other
one is devoted to connect the CRS to the measuring circuit and sensor feeding unit. Two
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Figure 1. Schematic block diagram of the coaxial-type RS: SE — sensing element, LPF — low-pass
: filter, CL — coaxial line, N — N-type connector, SMA — SMA-type connector, MS —
'sensor’s feeding and measuring system.




terminal design is typical to the microwave diodes produced by industry except that the diode
does not need any feeding system.

We used 50 Q impedance coaxial line as a basis for the CRS design because
waveguide to coaxial line adapters are usually fitted to 50 Q impedance lines. Therefore, it
should not be a problem to connect the CRS to the different band waveguides making use of
standard adapters produced by industry.

A sensing element (SE) of the RS “feels” electric field strength of the microwave
pulse at the pomt of the transmission line where it is placed. Therefore, to get correct result
when measuring microwave power using such SE the distribution of the electric field
amplitude in the transmission line should be homogeneous or the reflection of the microwaves
from the SE as well as from the end of transmission line should be negligible. To fulfill these
conditions for the waveguide-type RS the SE with small reflection coefficient is designed and
the matched load is attached to the end of the waveguide. Application such concept of design
to the CRS faces with some difficulties. Therefore, after some experimental investigation that
was performed earlier and described in the interim report [4], it was decided to skip the
matched load and the SE should serve not only as the sensor detectmg microwave pulse
power but as a matched load as well. :

Schematic block diagram of the proposed version of the CRS i is shown in Flgure 1. It
is seen that CRS actually consists of the SE and low-pass filter. One contact of the SE is
directly connected to the coaxial line’s conductor, while the other one — to the coaxial line’s

- shielding. Therefore the SE serves as a matched load and a pulse power detector
snnultaneously To achieve good matching of the CRS with the coaxial line the resistance of
the SE is set to be 50 Ohms. Since the dimensions of the sensing element are ¢hosen much
less than the wavelength of the microwave, the SE might be considered as a lumped element
of the circuit. This is a main reason why a good matchmg mlght be ach1eved m a w1de
frequency range [4].

The main purpose of the low-pass filter of the CRS is to prevent the dlrect propagatlon
of the microwave pulse to the measuring unit. At the same time the low-pass filter should not
spoil the matching of the SE with the coaxial line in a wide frequency band. And finally, the
parameters of the low-pass filter influences on the response time of CRS. Therefore all three
factors have to be taken into account when choosmg parameters of the low-pass filter.

. The coaxial line to the CRS is attached via N-type connector, while for the connection
of the CRS to the measuring circuit and feeding unit SMA-type connector is used. DC pulse
supply without amplification [2] as well as DC feeding with a DC pulse amplifier can be
attached to the CRS. Depending on the requlrements of the customer amplifier and DC source
can be 1ntegrated into CRS. ‘ :

Summarizing it has to be pomted out that a new concept of the RS de51gn has been
used in the CRS construction. The sensing element of the CRS is d1rectly corinected to the
coaxial line’s conductor therefore it sxmultaneously operates as a microwave pulse power
measuring unit and a matched load of the coaxnal line.

2.2 Sensmg element

Since the resistance change of the semiconductor is the basis for the RS operation, so -
~ for pulsed HPM measurement we use a resistor made from n-type Si. The view of the SE is
shown in Figure 2. It is seen that the sensing element is a cube-shaped piece of Si with
Ohmic contacts on its ends. The SE is processed from a wafer of n-Si with specific resistance
p=5 Qcm. The thickness of the wafer is chosen 1 mm that corresponds to the height of the -
sensing element. To form Ohmic contacts the impurity diffusion process is employed that is
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Figure 2. The view of the sensing element of the CRS. The dimensions of the sensing element are
the following A=1 mm, d=/=1 mm, specific resistance p=5 Qcm. Width d and length [ of
the SE is adjusted individually for each SE to get its resistance 50 Q.

followed by metal evaporation. Cube-shaped pieces are cut from the wafer. Since the specific
resistance varies within the wafer, the cross-section dimensions have been chosen larger than
1x1 mm?. To get the final resistance of the SE 50 Q the dimensions of each sensor have been
adjusted individually. Therefore the dimensions of the SE are roughly 1x1x1 mm’.
Comparing the dimensions of the SE with microwave wave length in a frequency range 2-10
GHz (15-3 c¢m) it is seen that the dimensions of the SE is much less than the wave length and
it might be considered as a lumped element in all frequency range under consideration.

Figure 3. The sketch of the connection of the SE with the coaxial line, 1 — SE, 2 — ceramics (e=10)
insert for SE matching, 3 — coaxial line’s insulator (Teflon), 4 — inner conductor of coaxial
line, 5 — thin metal wire for filter connection, 6 — piston for SE mounting, 7 — metal body.
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2.3. Matching with transmission line

The drawing of the connection of the SE with coaxial line is shown in Figure 3. As
one can see from the figure the sensing element is mounted between the gilded moving piston
and inner conductor of the coaxial line. The piston is pressed by the metal spring and it
assures good mechanical and electrical contacts. The matching of the SE with coaxial line is
achieved by changing the width of ceramics (e=10) insert. The rest part of the coaxial line
between inner and outer conductors is filled with Teflon. The end of the inner conductor of
the coaxial line coincides with the ends of the sensing element. Small diameter hole was
drilled in the inner conductor and thin wire was soldered into it. The wire is used to connect
the low-pass filter. Such a construction of the connection of the SE to the coaxial line without
the wire provides VSWR less than 1.25 in a frequency range 2-12 GHz.

2.4. Low-pass filter

Buterworth and Chebyshev filters consisted of different number of elements have been
considered in the interim report [4]. Finally five elements Butterworth filter has been selected.
Main arguments favored for this type of filter were the following: (1) sufficiently high
roughly 60 dB attenuation of the signal is achieved at 3f; where £ is a critical frequency of the
filter, (2) flat transfer function in the band-pass, (3) shorter response time.

The equivalent circuit of employed filter is shown in Figure 4. The expressions those
allow to determine the magnitudes of the inductances and capacitances that comprise five
elements Butterworth filter can be found in any textbook on microwave circuits [5] and are
collected in Table 1. Using them the parameters of the filters for different critical frequencies
have been calculated. As it was described in the interim report [4] three different types of
filters were used in the CRS. They are lumped element filter, hybrid filter and distributed
element filter made from the sections of microstrip line. Particular filters in more detail are

I =const :

u, G

Figure 4. Equivalent circuit of the CRS with 5 elements low-pass filter fed by the constant current I,
from current source. L, Ls, Ls are the inductances and C,, C, — capacitances of the filter, R
is the resistance of the SE, U, is voltage drop on it in the absence of microwave pulse, C; is
a separating capacitor, R, is an input resistance of the oscilloscope, MI denotes microwave
input.



described in Section 4.

Table 1. g-parameters of 5 element Butterworth type filter and formulas to calculate the inductances
and the capacitances of the elements of the filter [5].

No of element g-parameter Expression
gl ) Ra
L = L =
1&5 0.618 Iy
2&4 1.618 C,=C,=—2
’ 2z f.-R,
g3 : Ra
L,=22—2
3 2.000 s

2.5. Output signal measurement and calibration

Equivalent circuit that is used for the feeding of the RS and the output signal
measurement is shown in Figure 4. Constant current source is used to feed the CRS. In the
absence of the microwave pulse the voltage fall on the SE is Uy=I,R where R is the resistance
of the SE in the absence of microwave pulse and I is the amplitude of the current. Before the
microwave pulse is triggered the capacitors C,, C4 and C; are charged up to a voltage Uy, and
DC current flows only through the arm of the circuit with the SE. Microwave electric field
induces the resistance change of the sensor and the current flowing through it should
decrease. Since the current from the DC source is kept constant, the current flowing in the
other arm of the circuit should increase by the same amount. Denoting this current change as
Al and taking into account that the change of the voltage must be equal in both arms of the
circuit the following relation can be readily written down

I,)-AR—AI-R-AI-AR=AI-R, €))
where AR is the resistance change of the sensor due to electron heating and R, is the input
resistance of the oscilloscope. From (1) the current change due to sensor’s resistance increase
can be expressed as

__ 1, AR _ 2)
R, +R+AR
Since the output signal registered by an oscilloscope is simply AI'R,, the final expression
binding the output signal with the relative resistance change of the sensor can be obtained
from (2)
AR

Us=Uy——7FR—s (R AR). 3
I+—|1+—
R, R
As follows from (3) the largest output signal from the CRS will be obtained when R<<R,. The
resistance of SE cannot be decreased, since it should be matched with the impedance of the
coaxial line (50 Q). The only way to raise the amplitude of the output signal is to use high
input resistance of the oscilloscope. Although this should increase the response time of the
CRS but for the sensor calibration we are using sufficiently long microwave pulse (>1us) and
a short connection cable. Therefore, even using high input resistance of the oscilloscope the
response time of the CRS is short enough to measure the amplitude of such pulse. In the limit
R<<R, the output signal is proportional to the relative resistance change of the SE




AR
USZU()?. (4)

When the CRS is calibrated the dependence of Us versus microwave pulse power P is
measured and a set of pair of numbers is determined

PU, i=12,...N 5)
Making use of (4) the relative resistance can be expressed as a function of the output signal
AR _Us , (6)
R U,
and instead of (5) a set of pairs of
E,A—;:L i=1,2,...N %)

can be determined. It was shown in [2] that quadratic polynomial fits well the dependence of
P on the relative resistance change, therefore, that dependence can be written down in the

following way
2
P=A._A_R+B(£) (8)
R R

Fitting experimental data (7) by (8) in a least square sense the empirical parameters 4 and B
describing measured experimentally output characteristic of the sensor is determined.
Inserting (6) into (8) we arrive to the final expression that describes the dependence of pulse

power on the output signal
2
P=4 Ys +B Ys )]
U, U,

Summarizing it has to be pointed out that output voltage-power characteristic is
measured for each CRS at different frequencies. The parameters 4 and B are determined from
the measured dependencies of the output signal on the input pulse power. Using (9) the pulse
power can be easily calculated from the measured signal Us. The parameters 4 and B
determined for the particular CRS at different frequencies can be employed to analyze the
dependence of output signal on frequency in a low signal and large signal limits. It should be
noted that high amplitude (50 V) DC pulse synchronized with the measuring pulse could also
be used with the CRS and it allows increasing the output signal of it [4].

3 Other possible versions of SE design

To consider other possible versions of the construction of the SE theoretically we have
developed a program that solves Maxwell’s equations numerically using FDTD (finite
different time domain) method [6]. The program calculates distribution of electric and
magnetic fields in the coaxial line with the semiconductor insert placed in it. It allows to
calculate the reflection coefficient from the semiconductor obstacle and the average electric
field strength in it. Short description of the program is presented in the Appendix Section 9.2.
The program has been finished just before the end of this contract and we were enable to
perform consistent calculations of the distribution of the electric field in the semiconductor
obstacle that partly fills the cross section of the coaxial line. We hope to perform them in a
nearest future



4 Realizations of the coaxial-type resistive sensors
In this section the photos of the CRS with different type of low-pass filters are
presented. The lumped element, hybrid and microstrip filters realizations are shown.

The general view of the CRS is shown in Figure 5. It is seen that the SE and low-pass
filter are placed in the parallelepiped shaped metal box closed with the metal cover that is
___ fixed with four screws. The total length of the device including the lengths of N-type and

'SMA coninectors is roughly 10 cm, the width 2.5 cm, and the height — 2 cm.

bl

Figure 5. General view of the CRS.

Figure 6. A view of the CRS with lumped element filter. L,-Ls and C,, .C4 the inductances and the
capacitors of the filter are indicated. '
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4.1. Lumped element filter

The view of the CRS with lumped element low-pass filter is shown in Figure 6. The
lumped elements of the filter capacitors and inductances are marked in the figure by letters C
and L, respectively. As the elements of lumped element filter the home ‘made inductances and
“high frequency capacitors were used. The inductance is a coil twisted from thin wire (0.1
mm). The diameter of the coil was roughly 1.5 mm. The diameter of the coil, number of turns
and coil pitch have been calculated using well known formula binding those parameters with
coil inductance. The critical frequency of lumped element low-pass filter was chosen £=0.75
GHz. The capacitance and inductance of ﬁlter elements were determined making use
formulas presented in Table 1.

4.2. Hybrld filter

The view of the CRS with hybrid filter is shown Figure 7. As in the case of lumped
_element filter the hybrid filter elements are home made inductances and.high frequency
capacitors except the first inductance. Since it has the largest influence on the filter
performance in a high frequency region, the first .inductance is partly -accomplished as
conductor coated by the layer of ferrite and partly as a lumped element inductance. A small
- diameter hole is drilled in the ferrite plate and a wire is passed through it. As in the case of
lumped element low-pass filter the inductances were accomplished as a coils tw1sted from
- thin metal wire (& 0.1 mm). The ferrite, capacitors and lumped inductances are marked in the
ﬁgure by letters F, C and L. Including the ferrite in the low-pass filter we were able to
improve its performance in high frequency region and, as will be shown in the next chapter,
the CRS with such type of the filter can be used in the widest frequency range. The critical
frequency of lumped element low-pass filter was chosen £=0.5 GHz. The capacitance and-.
inductance of filter elements were determmed makmg use formulas presented in Table 1

Flgure 7. A view of the CRS wrth hybrrd filter. Ly-Ls and C,, C, the 1nductances and the capac1tors
of the filter are indicated. F is a piece of ferrite. o
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4.3. Microstrip filter

Microstrip filter is composed of the distributed elements corresponding to the lumped
elements — inductances and capacitors in prototype filter. The capacitance and inductance of
the elements of prototype filter were determined making use formulas presented in Table 1.
The segments of different impedance microstrip lines were used to create the corresponding
element of the filter. Large impedance (125 Q) sections correspond to the inductances, while
low impedance (20 ) sections comprise the capacitors. The view of the CRS with microstrip
filter is shown in Figure 8. As in the previous figures letters C and L marked the segments of
microstrip line corresponding to capacitors and inductances respectively. M denotes the 50 Q
impedance microstrip line connecting the end of the filter to the SMA connector that is
devoted to attach the measuring circuit and sensor feeding unit to the CRS. The critical
frequency of the microstrip filter is chosen £;=2.75 GHz allowing to use the CRS in higher
frequency range 4-12 GHz. The microstrip lines have been fabricated on 1.5 mm thickness
glass laminate substrate (¢=5.5). The width and length of corresponding segments of the
microstrip lines were calculated using well known formulas that can be found any textbook on
microwave circuits (see for example [5]).

When the metal box with low-pass filter inside has been closed with the metal cover
some resonance pikes were found in the frequency range 7-12 GHz. To avoid such resonance
that may appear at a frequency where the characteristic dimension of the box becomes
multiple to the half wavelength of microwaves, the pieces of absorber were stuck up to the
inner side of the metal cover. The view of the metal cover with the pieces of absorber is
shown in Figure 9. The height of the pieces of absorber was roughly 5 mm. Making use of
absorbers eliminate the resonance and improves CRS characteristics in a high frequency
region.

Figure 8. A view of the CRS with distributed element filter. L,-Ls and C,, C, the inductances and the
capacitors of the filter are indicated. M is the 50 Q impedance microstrip line.
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Figure 9. A metal cover of the CRS with the pieces of absorbers mounted on the inner side of it.

5 CRS characteristics

A few CRS with each type of low-pass filter has been manufactured and tested. In this
section measurement results are collected. Reflection coefficient, output signal, time response
and SE heating investigation results are presented in this section.

5.1. Reflection coefficient

Measurement results of reflection coefficient of the manufactured CRS with different
type of filters described in previous section are collected in Figure 10. Five elements
Butterworth filter was manufactured. The reflection coefficient has been measured in a
frequency range 1.25-12 GHz. In the desirable technical specifications that are given in the
Appendix the required voltage standing wave ratio (VSWR) of the CRS should be less than
1.6. It corresponds to the reflection coefficient I'=0.23. This desirable reflection coefficient
level is denoted in the figure by a solid line.

The reflection coefficient dependence on frequency for the CRS with lumped element
filter (£=0.75 GHz) is shown in Figure 10(a). It is seen that in the frequency range 1.25-6
GHz the CRS with lumped element filter exhibits sufficiently low reflection coefficient values
that meets the requirements of the desirable technical specifications. At a higher frequency the
electrical length of the lumped elements becomes too large in comparison with the
microwave’s wavelength and this is the reason why some resonance may occur and the peaks
are seen in ['(f) dependence.

It seems that the largest influence to the resonance that appears at higher frequency
should have the first inductance of the filter that is directly connected to the SE. Therefore,
before the first inductance the section of the transmission line is inserted that is made using
the conductor coated by a layer of ferrite. The transmission line is made of the plate of the
ferrite (50BY) in which the small diameter hole has been drilled and a metal wire is passed
through it. Measured reflection coefficient dependencies on frequency for such type of filter
(f=0. 5 GHz) are shown in Figure 10(b). It is seen that insertion of the additional
transmission line improves performance of the filter in a high frequency region. It should be
noted that some increase of the reflection coefficient is registered in a low frequency range
1.25-2 GHz in comparison with the CRS with lumped element filter but reflection coefficient
in this region does not exceed the value indicated in the desirable technical specifications.
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(a) f =0.75 GHz, lumped element filter
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(b) f.=0.5 GHz, hybrid filter
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Figure 10. Measured dependencies of reflection coefficient for the CRS with different realizations of
5 elements Butterworth filter: (a) lumped element filter £;=0.75. GHz, (b) lumped ¢lement
filter with additional ferrite line as a part of the first inductance of the filter £=0.5 GHz, (c)
distributed element filter made of the segments of different impedance microstrip line.
Solid line in the figure denotes the highest limit of the reflection coefficient allowed by
desirable technical specification presented in the Appendix.
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Therefore, the CRS with hybrid type low-pass filter practically fulfill requirements for the
value of the reflection coefficient in whole frequency range under consideration.

The results of the measurement of the reflection coefficient for the microstrip filter
with critical frequency £,=2.75 GHz is shown in Figure 10(c). It is seen that in the frequency
. range 4-12 GHz the CRS with distributed element filter exhibits sufficiently low reflection
- coefficient values that meets the requirements of the desirable technical specifications.

5.2. Output signal

Three powerful microwave generators that can produce over 1 kW pulse power at a
fixed frequency in S (~2.75 GHz), C (/=5.7 GHz) and X (/=9.3 GHz) bands are in operation
in the Microwave laboratory. Therefore, the output signal dependencies on microwave power
might be measured at those frequencies up to a maximum pulse power 1 kW. Output signal
for particular device is not measured at frequency for which the reflection coefficient value
- does not meet the requirements of desirable technical specifications. Therefore, the CRS with
hybrid filter is measured at all frequency bands, the CRS with lumped element filter is tested
at S and C whereas the CRS with microstrip filter — at C and X bands.

The experxmental setup for CRS calibration is shown in Flgure 11. The CRS under
investigation is connected to the waveguide via waveguide to coaxial adapter. Reference
waveguide-type RS connected to the main waveguide via directional coupler serves as a
reference pulse power meter that maintains a constant pulse power in a main waveguide.
Changmg the attenuation of the pre01se variable attenuator the pulse power delivered to the
CRS is changed. The CRS is fed using constant current source that produces roughly 80 mA
current. The current was adjusted before the measurement of each CRS to get 4 V DC voltage
drop on the SE in the absénce of microwave pulse. The signals from the CRS-and the"
reference RS are measured using dual-channel oscilloscope Tektronix TDS 520. Prior to
measuring output characteristic of the CRS the readmg of the reference RS is linked with the
absolute power level dehvered to the coax1a1 line via the wavegulde to coaxral line adapter

PMG

" RAPM

Figure 11. The experimental setup for CRS calibration: PMG: pulse microwave generator, PA:
: precise variable attenuator, DC: directional coupler, RS: reference resistive sensor, OS:
oscilloscope Tektronix TDS 520, WCA: waveguide to coaxial adapter, RAPM: Rohde &

Schwarz reference average power meter NRVS with power sensor NRV-ZS4 CRS:. CRS
under test. . . ‘
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'Flgure 12. Typical dependence of the output signal of the CRS on microwave pulse power measured

' makmg use constant DC' current source. DC voltage drop on the SE in the absence of
microwave pulse is 4 V. Points denote experimentally measured data for CRS No 2 with
hybrid filter at /~2.75 GHz, solid line corresponds to the polynomlal approx1matron 9),
dashed line demonstrates linear approximation.

To do that the power sensor NRV-ZS4 of the Rohde & Schwarz reference average power
meter NRVS is connected to the coaxial to waveguide adapter. Measuring simultaneously the
readings of averaged power meter and reference RS the absolute power level delivered to
coaxial line is linked with the reading of the reference RS. Therefore, restoring the same
reading of the reference RS during measurement procedure the drift of the pulse power
generated by the pulse power generator is eliminated.

Typical dependence of the output signal of the CRS on microwave pulse power is
shown in Figure 12. Solid line in the ﬁgure shows quadratic polynomial approximation of the
measured data according to the- expressron (9). It is seen that two-term approxrmatlon fits well
measurement results. Dashed line in the figure shows linear approxrmatlon i.e. t