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(57) Abstract: A dynamic dual-port passive intermodulation reference signal generator for calibrating an intermodulation testing
device, mainly comprising: a power allocation coupling network, a non-linear device that may be located under a biasing condition,
and a voltage modulation module. Extraction of a carrier signal is performed through a power distribution coupling network; the car-
rier signal as extracted excites a non-linear device to generate an intermodulation signal; this part of signal, together with the excita -
tion signal, is coupled back to two ports of the generator by the same power distribution coupling network, thereby forming retlected
and transmitted reference intermodulation levels as reference sources for calibrating the intermodulation testing apparatus. The
voltage modulation generating module may generate a voltage wave of a certain value, implementing modulation of the intermodula-
tion signal; through the modulated intermodulation signal, the intermodulation testing region power level and intermodulation tran -
sient response feature within a nominal range are calibrated for the intermodulation testing device.
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DYNAMIC DUAL-PORT PASSIVE INTERMODULATION REFERENCE SIGNAL GENERATOR

FIELD OF THE INVENTION
[1] The present invention relates to the technical field of calibrating a passive intermodulation

PIM testing system, and more specifically, relates to a dynamic dual-port passive intermodulation
reference signal generator that may provide a specific continuous modulatable passive
intermodulation reference signal for calibrating a passive intermodulation testing device.

BACKGROUND OF THE INVENTION
[2] When two or more carrier signals pass through a passive component having a nonlinear

response, a new signal different from dual carrier frequencies will be generated. This
phenomenon is referred to as passive intermodulation. Passive intermodulation PIM refers to a
spurious signal generated by mixing transmit carriers of two or more frequencies in a passive
non-linear device.

[3] At present, a general passive intermodulation apparatus tests an intermodulation feature of
a to-be-tested passive device based on carrier combination according to a carrier and
intermodulation signal split principle; excites the to-be-tested device using amplified dual carrier
or multiple carrier; obtains passive intermodulation co-produced under multiple carrier excitation
condition via duplexers and filters, thereby obtaining a passive intermodulation power value, and
evaluates an intermodulation index of the to-be-tested passive device. At present, calibration of
the passive intermodulation testing apparatus generally employs a single port passive
intermodulation signal calibration source having a fixed intermodulation value to evaluate the
testing apparatus, and an accuracy of the testing apparatusis appraised by comparing the passive
intermodulation signal calibration source and an actual measurement result. The currently
common intermodulation procedure has the following drawbacks:

[4] 1. A common single-port passive intermodulation signal calibration source can only evaluate
a reflected intermodulation value of a passive intermodulation testing apparatus. However, in
actuality, the reflected intermodulation performance only characterizes one aspect of the passive
intermodulation testing apparatus, such that a single reflected intermodulation index without a
transmitted intermodulation index cannot comprehensively evaluate the performance of the
passive intermodulation testing apparatus;

[5] 2. In current testing, a strong passive intermodulation signal is easy to be tested accurately,
and a weak passive intermodulation signal is a difficulty in passive intermodulation testing.
Because an intermodulation power value provided by the single-port passive intermodulation
calibration source is one-fold, which can only generate an intermodulation signal of one power
level, the reference passive intermodulation value as provided can only calibrate a certain
intermodulation power point of the testing apparatus; without an intermodulation test power
value point calibrated by an intermodulation reference level, a testing result provided by the
passive intermodulation testing apparatus is less convincing. However, at present, a solution in
this aspect can only be achieved by changing different calibration sources. Its process is not only
cumbersome, but also introduces an issue of connection uncertainty between multiple
calibration sources and the intermodulation testing apparatuses;

[6] 3. For a time-varying transient-state response feature of the intermodulation testing
apparatus, e.g., continuous abnormal fluctuation phenomenon arising during the testing
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apparatus, there is no solution for its evaluation and testing yet.

[7]1 In general, the present invention provides a complete dynamic dual-port passive
intermodulation calibration source structure to address the problems above, which may provide
transmitted and reflected intermodulation reference signals, and meanwhile regulate the
generated reference level in a large dynamic range, thereby satisfying calibration of testing points
within a large range of the intermodulation testing apparatus; finally, the generated
intermodulation reference level may implement detection and evaluation of transient response
features of the intermodulation testing apparatus with respect to time modulation, thereby

solving the problems above existing in the current intermodulation testing apparatus.

SUMMARY OF THE INVENTION

[8] In order to overcome the drawbacks of a general single-port fixed intermodulation
calibration device, the present invention provides a new structure and solution that can not only
provide dual-port intermodulation level values, as reflected and transmitted intermodulation
reference sources of the intermodulation testing system, for calibrating the intermodulation
testing apparatus, but also introduce a dynamic intermodulation level control technology, which
may perform transient modulation to the intermodulation reference level, thereby achieving that
one intermodulation reference source may provide multiple intermodulation reference levels,
and a transient response feature of the intermodulation testing apparatus may be modulated by
observing a change pattern of the intermodulation testing device under a plurality of
intermodulation values.

[9] The technical solution of the present invention is provided below:

[10] A passive intermodulation reference signal generator, comprising: two low intermodulation
connectors (8, 9), a multi-stage power allocation coupling network, a non-linear device (7) that
may be located under a biasing condition, two non-linear device match biasing networks (5, 6);
wherein the non-linear device match biasing networks (5, 6) are connected to the non-linear
device (7) to cause the non-linear device (7) in a biasing state; a carrier signal is extracted through
the multi-stage power allocation coupling network;the carrier signal as extracted excites the
non-linear device to generate a passive intermodulation signal; the passive intermodulation
signal, together with an excitation signal, are coupled back to a port of the generator connected
to the to-be-calibrated intermodulation testing system by the same power allocation coupling
network, and are transmitted to low intermodulation connectors (8, 9), thereby forming reflected
and transmitted reference intermodulation levels, respectively.

[11] Further, the generator is also provided with a voltage modulation module (10) to regulate a
bias voltage of the non-linear device (7) through the non-linear device match biasing network (5,
6); the bias voltage introduced by the voltage modulation module 10 may be regulated within a
certain extent from positive to negative, thereby generating multiple intermodulation level values
through one signal generator, and calibrating, for the intermodulation testing device, different
power values of intermodulation testing regions within a nominal range.

[12] Furthermore, the generator is a dynamic passive intermodulation reference signal generator,
where the voltage modulation module (10) may introduce a bias voltage to perform a continuous
regulation from positive to negative, thereby achieving a change trend of the intermodulation
signal varying with the bias voltage; in this way, through a modulated intermodulation signal
waveform, calibration of the intermodulation transient response feature may be performed while
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different power levels of the intermodulation testing regions are calibrated within the nominal
range for the intermodulation testing apparatus.

[13] advantageous effects of the present invention lie in:

[14] (1) providing dual-port reference reflected and transmitted intermodulation levels with
equal power values, evaluating the reflected intermodulation value and the transmitted
intermodulation value of the passive intermodulation testing apparatus, obtaining a reflected
intermodulation index and a transmitted intermodulation index, thereby performing a more
comprehensive evaluation and calibration for the passive intermodulation testing apparatus;

[15] (2) transient modulation may be performed to the intermodulation level to achieve a
function that a calibration source can generate a plurality of reference intermodulation levels,
thereby calibrating a plurality of intermodulation testing power value points;

[16] (3) A switch response time between multiple intermodulation levels may be controlled, so as
to check the transient response features of the intermodulation testing apparatus with respect to
the to-be-tested intermodulation signal.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

[17] Fig. 1 shows a block diagram of a principle of a dynamic passive intermodulation reference
signal generator in one embodiment of the present invention;

[18] Fig. 2 shows a block diagram of a principle of calibrating an intermodulation testing system
using a dynamic passive intermodulation reference signal generator in the present invention;

[19] Fig. 3 shows a block diagram of an interchangeable match network for a diode;

[20] Fig. 4 shows a schematic diagram of connections to a corresponding intermodulation testing
system through different adaptors;

[21] Fig. 5 shows an effect diagram of achieving transient regulation of an intermodulation
reference signal by adding bias voltages;

[22] Fig. 6-a shows a schematic diagram of implementing transient regulation of the
intermodulation reference signal by adding an offset voltage control modulation module;

[23] Fig. 6-b shows an effective diagram of an intermodulation waveform implemented after
controlling the offset voltage control modulation module;

[24] Fig. 6-c shows an effect of continuous stepped conversion of multiple intermodulation
waveforms implemented by setting an offset voltage control modulation module.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[25] In order to make the objective, technicalsolution, and advantages of the present invention

much clearer and apparent, further detailed explanation will be made to the present invention
with reference to the accompanying drawings and embodiments. It should be understood that
the preferred embodiments described here are only for explaining the present invention, not
intended to limit the present invention.

[26] Regarding the main drawbacks of a single-port passive intermodulation reference signal
generator with a fixed intermodulation value in the prior art, the present invention provides a
new structure that may provide dual-port intermodulation power level values, i.e., the reflected
and transmitted intermodulation reference sources for the intermodulation testing system, for
calibrating the intermodulation testing apparatus; further, it also relates to a dynamic
intermodulation power level control technology, which may perform transient modulation of the
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intermodulation reference level, such that one intermodulation reference source may provide a
plurality of intermodulation reference levels, and the transient response feature of the
intermodulation testing apparatus may be detected.

[27] Hereinafter, a dual-port passive intermodulation reference signal generator in one
embodiment will be illustrated with reference to Fig. 1, mainly comprising: low intermodulation
connectors 8, 9, a multi-stage power allocation coupling network, a non-linear device 7 that may
be located under a biasing condition, non-linear device match biasing networks 5, 6; wherein the
non-linear device match biasing networks 5, 6 are connected to the non-linear device 7 to cause
the non-linear device 7 in a biasing state; the power allocation coupling network performs
extraction of a carrier signal;the carrier signal as extracted then excites the non-linear device to
generate a passive intermodulation signal; the passive intermodulation signal, together with an
excitation signal, are coupled back to two ports of the generator connected to the
to-be-calibrated intermodulation testing system by the same power allocation coupling network,
and are transmitted to low intermodulation connectors 8, 9, thereby forming reflected and
transmitted reference intermodulation levels, respectively. In this way, a dual-port signal
generator is implemented, and meanwhile, the reflected intermodulation and transmitted
intermodulation indexes of the intermodulation testing system may be evaluated simultaneously.

[28] Further, as shown in Fig. 1, the generator is a dynamic dual-port passive intermodulation
reference signal generator, which is also provided with a voltage modulation module 10. Through
the non-linear device match biasing networks 5, 6, the bias voltage of the non-linear device may
be regulated, such that the bias voltage introduced by the voltage modulation module 10 may be
regulated in a certain range from positive to negative, such that one signal generator may
generate a plurality of intermodulation level values, so as to calibrate different power values in
intermodulation testing regions within a nominal range with respect to the intermodulation
testing device.

[29] Further, the dynamic dual-port passive intermodulation reference signalgenerator relates to
a dynamic intermodulation level control technology. The voltage modulation module 10 may
introduce continuous regulation of the bias voltage from positive to negative, thereby
implementing a change trend of the intermodulation signal varying with the bias voltage;
therefore, through a modulated intermodulation signal waveform, the intermodulation transient
response feature may be calibrated while different power levels of the intermodulation testing
regions are calibrated within the nominal range for the intermodulation testing apparatus.

[30] Specifically, the multi-stage power allocation coupling network comprises four directional
couplers 1-4 and four load match resistances 10-13, thereby forming a two-stage coupling system,
so as to prevent counteraction of carrier signals coupled along two reverse directions of a carrier
path through a first-stage coupling system formed by a directional coupler having a high isolation
degree; meanwhile, main arms of two directional couplers 3, 4 forming a carrier excitation path;
after the excitation signal completes excitation of the non-linear device, it is re-coupled back to
the carrier transmission path together with the generated intermodulation signal by a same
coupling network, such that an insert loss of the whole reference source generator is reduced to
the minimum; power distribution is implemented through the first-stage coupling system and the
second-stage coupling system so as to implement a specific intermodulation reference power
level value.

[31] Specifically, the above non-linear device may employ a Schottky or a variable capacitance
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diode. Meanwhile, in order to obtain an intermodulation reference signal without interference
noise, the intermodulation testing device may be calculated more accurately; the entire signal
generator circuit is adapted to be manufactured on a high frequency low PIM medium board;
with the same microwave transmission line theory, the above structure may also be implemented
through a cavity structure to achieve the same function.

[32] In one embodiment, the dynamic dual-port passive intermodulation reference signal
generator can simultaneously provide intermodulation reference signals in two directions
because it has two ports, such that when the signal generator calibrates the transmitted and
reflected modes simultaneously, the to-be-calibrated intermodulation testing apparatus should
be in a state where both of the transmitted and reflected intermodulation testing modes are
opened. However, when only an arbitrary testing mode is opened, the function of the reference
source signal generator is not affected, which may act as an independent transmitted or reflected
intermodulation calibration source.

[33] In another embodiment, one of the ports of the signal generator is terminated to a low PIM
load, used as a single-port intermodulation reference signal generator, which can be used for
calibrating a single reflected intermodulation like a common single-port intermodulation
reference signal generator.

[34] Fig. 2 will be referenced to illustratespecific application of the dynamic dual-port passive
intermodulation reference signal generator to an actual calibration of the intermodulation testing
system. Fig. 2 illustrates the calibration structure and the flow of the entire intermodulation
testing system. Carrier signals emitted from two carrier signal sources S1, S2 pass through a
power amplifier and a circulator, and are then input into a PIM reference source (here, the
dynamic dual-port passive intermodulation reference signal generator in the present invention is
adopted) through a combiner and a pre-stage duplexer, and finally is absorbed by a load of the
testing system. When the carrier formed by combination enters into the dynamic passive
intermodulation reference signal generator, a transmitted intermodulation reference signal and a
reflected intermodulation reference signal may be obtained at two ports of the dynamic
dual-port passive intermodulation reference signal generator, respectively, wherein the reflected
intermodulation reference signal propagated reverse to the carrier path is received and measured
by a receiver via an intermodulation channel of the post-stage duplexer, while the transmitted
intermodulation signal propagated along the carrier path is received and measured by the
receiver via an intermodulation channel of a pre-stage duplexer, thereby simultaneously
implementing calibration of the reflected intermodulation and transmitted intermodulation
testing.

[35] Further, with the dynamic intermodulation level control technology, the bias voltage of the
non-linear device in the dynamic dual-port passive intermodulation reference signal generator is
regulated, which bias voltage may be regulated from positive to negative, thereby achieving a
change trend of the intermodulation signal varying with the bias voltage; therefore, through a
modulated intermodulation signal waveform, the intermodulation transient response feature
may be calibrated while different power levels of the intermodulation testing regions are
calibrated within the nominal range for the intermodulation testing apparatus.

[36] In a specific embodiment, the dynamic dual-port passive intermodulation reference signal
generator introduces an interchangeable diode match network, as shown in Fig. 3. The
interchangeable match network of the diode is implemented based on a symmetrical structure,
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comprising a source, a match segment, a diode, a match segment, and symmetrical load sources
in succession from the left; a pair of biasing networks is combined into two interchangeable
match segments. Based on this interchangeable structure, the intermodulation reference signal
produced on the non-linear device (diode) can be transmitted to two ports with equal amplitude
and equal phase, thereby providing the reflected intermodulation reference signal and the
transmitted intermodulation reference signal with equal amplitude and equal phase, respectively.
In this structure, the biasing network is combined in the interchangeable match segment. By
using a pair of biasing network, different non-linear devices are implemented. Their bias voltages
may be regulated from positive to negative, implementing a change trend of the intermodulation
signal varying with bias voltages.

[37] Further, as shown in Fig. 4, in a case of calibrating different passive intermodulation testing
systems, a difference between different passive intermodulation testing systems should be
considered; the existing passive intermodulation testing systems have a plurality of different
structures. Besides the coaxial intermodulation testing system, there further comprise
intermodulation testing systems such as a micro-strip and a cavity. In actual calibration of an
application, for different testing system structures, different improvements are performed to the
embodiments. With corresponding different low PIM adaptors, the adaptors for coupling from
the micro-strip to coaxial, from micro-strip to wave guide, and from micro-strip to micro-strip are
implemented, and calibration of the intermodulation testing system such as co-axis, cavity, and
micro-strip is implemented; their implementation processesare not only limited to the micro-strip
transmission line, and they may also be implemented through other microwave transmission line
structures such as coaxial or waveguide transmission structures; with a corresponding low PIM
adaptor, it is not only applicable to a coaxial intermodulation testing system, but also applicable
to an intermodulation testing system such as micro-strip, coaxial or cavity.

[38] Further, in one embodiment, as shown in the actually measured curve in Fig. 5, by regulating
the voltage values at the two ends of the diode, the intermodulation power level changes
apparently. As shown in Fig. 6, as an improved optimization, a bias voltage control modulation
module is added, or the bias voltage control modulation module is used to replace the voltage
modulation module, so as to implement fast continuous regulation of the intermodulation
reference signal, thereby outputting continuous voltage waveform through modulation.
Controlling the output waveform of the bias voltage control modulation module may
correspondingly obtain an intermodulation signal waveform on the intermodulation signal
generator. The bias voltage control modulation module is accessed to the reference signal
generator via DC input ports of a pair of biasing devices, such that the intermodulation signal
level is associated with the output voltage of the bias voltage control regulation module, thereby
implementing the continuous and transient regulation function of the reference intermodulation
level, and realizing intermodulation response evaluation in a large range region for the
intermodulation testing device.

[39] The description and application of the present invention here are illustrative, not intended
to limit the scope of the present invention in the above embodiment. The transformations and
changes to the embodiments disclosed here are possible; for any person of normal skill in the art,
various substituted and equivalent components in the embodiments are well known. For a
person of normal skill in the art, without departing from the sprit or essential feature of the
present invention, the present invention may be implemented with other forms, structures,
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arrangements, proportions, and other components, materials, and parts. Without departing from
the scope and spirit of the present invention, the embodiments disclosed here may be subject to
other variations and changes.
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Claims
1. A dual-port passive intermodulation reference signal generator, characterized in that the
passive intermodulation reference signal generator comprises: two low intermodulation
connectors (8, 9), a multi-stage power allocation coupling network, a non-linear device (7) that
may be located in a biasing condition, and two non-linear device match biasing networks (5, 6);
wherein the non-linear device match biasing networks (5, 6) are connected to the non-linear
device (7) to cause the non-linear device (7) in a biasing state; a carrier signal is extracted through
the multi-stage power allocation coupling network; the carrier signal as extracted excites the
non-linear device to generate a passive intermodulation signal; the passive intermodulation
signal, together with an excitation signal, are coupled back to a port of the generator connected
to the to-be-calibrated intermodulation testing system by the same power allocation coupling
network, and transmitted to low intermodulation connectors (8, 9), thereby forming reflected

and transmitted reference intermodulation levels, respectively.

2. The reference signal generator according to claim 1, characterized in that the generator is also
provided with a voltage modulation module (10) to regulate a bias voltage of the non-linear
device (7) through the non-linear device match biasing network (5, 6); the bias voltage
introduced by the voltage modulation module (10) may be regulated within a certain extent from
positive to negative, thereby generating multiple intermodulation level values through one signal
generator; and, for the intermodulation testing device, different power values of intermodulation
testing regions are calibrated within a nominal range.

3. The reference signal generator according to claim 1, characterized in that the generator is a
dynamic passive intermodulation reference signal generator, where the voltage modulation
module (10) may introduce a bias voltage to perform a continuous regulation from positive to
negative, achieving a change trend of the intermodulation signal varying with the bias voltage;
therefore, through a modulated intermodulation signal waveform, the intermodulation transient
response feature may be calibrated while different power levels of the intermodulation testing
regions arecalibrated within the nominal range for the intermodulation testing apparatus

4. The reference signal generator according to any one of claims 1-3, characterized in that the
multi-stage power allocation coupling network comprises four directional couplers (1-4) and four
load match resistances (10-13), thereby forming a two-stage coupling system; main arms of two
directional couplers (3, 4) form a carrier excitation path; secondary arms are connected with the
second-stage couplers to form an intermodulation power excitation network; power distribution
is implemented through a first-stage coupling system and the second-stage coupling system,
thereby achieving a specific intermodulation reference level value.

5. The reference signal generator according to any one of claims 1-3, characterized in that it can
simultaneously provide intermodulation reference signals in two directions, such that the
reference signal generator simultaneously calibrates the transmitted and reflected modes; the
to-be-calibrated intermodulation testing apparatus should be in a state where both of the
transmitted and reflected intermodulation testing modes are opened; while when only an
arbitrary testing mode is opened, the function of the reference source signal generator is not
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affected, which may act as an independent transmitted or reflected intermodulation calibration

source.

6. The reference signal generator according to any one of claims 1-3, characterized in that the
reference signal generator is formed based on a left-to-right interchangeability principle, such
that when one port is terminated to a PIM load, it may be used for a general reflected
intermodulation calibration source, whose reference level regulation function is not affected.

7. The reference signal generator according to any one of claims 1-3, characterized in that the
non-linear device employs a Schottky or a variable capacitance diode.

8. The reference signal generator according to claim 7, characterized in that the reference signal
generator introduces an interchangeable diode match network, comprising a source, a match
segment, a diode, a match segment, and symmetrical load sources in succession from the left; a
pair of biasing networks are combined into interchangeable match segments; by using a pair of
biasing devices,their bias voltages may be regulated from positive to negative, implementing a
change trend of the intermodulation signal varying with bias voltages.

9. The reference signal generator according to claim 1, characterized in that
correspondingdifferent low PIM adaptors are set for different intermodulation testing systems, an
implementation procedure of which is not only limited to a micro-strip transmission line, but also
may be implemented through a microwave transmission line, the microwave transmission line
being a co-axial or waveguide transmission structure, which is not only adapted to a co-axial
intermodulation testing system, but also applicable to a micro-strip, co-axial or cavity
intermodulation testing system.

10. The reference signal generator according to any one of claims1-3, characterized in that a bias
voltage control modulation module is added; a continuous voltage waveform may be outputted
through modulation; the bias voltage control modulation module is accessed to the reference
signal generator via DC input ports of a pair of biasing devices, such that the intermodulation
signal level is associated with an output voltage of the bias voltage control regulation module,
correspondingly obtaining the intermodulation signal waveform, thereby performing continuous
and transient regulation functions of the reference intermodulation level.
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