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[Title of the Invention] Mixed-domain oscilloscope, and method and system for measurement on
mixed-domain oscilloscope
[ Technical Field}
[o001]
The present invention relates to mixed-domain oscilloscopes, and more particularly, to instruments,
systems and methods for making measurements on a mixed-domain oscilloscope using an internal
chirp generator, an output channel, an RF input channel, and time alignment logic.
[ Background Art]
[oo02])
Unlike traditional swept or stepped spectrum analyzers, a mixed-domain oscilloscope (MDO) uses
fixed local oscillators (LOs) to block convert wide swaths of bandwidth as opposed to sweeping or
stepping an LO through an equivalent wide bandwidth. Traditional spectrum analyzers provide a
tracking generator, which uses the swept or stepped 1O to produce a signal that tracks with the
sweep of the analyzer. The swept signal is fed to a network or device under test and the resulting
signal is analyzed using the spectrum analvzer. This is known in the industry as a “poor man’s
network analyzer” because while this technique provides a useful method for determining scalar
measurements, it is incapable of providing vector measurements as provided by conventional
network analyzers.
[o00 3]
There is a trend in the test and measurement field to provide multiple functions that were
traditionally provided in separate instruments, within a single test and measurement instrument in a
time-correlated fashion. One such instrument is the MDO, which includes digital channels, analog
channels, and an RF input channel all within a single instrument. It is possible to monitor signals in
both the time and frequency domain simultaneously, with time correlated acquisition and display.
The MDO4000 series Mixed Domain Oscilloscope available from Tektronix, Inc., USA is known as
such a mixed domain oscilloscepe.
[00o04]
Presently, MDOs do not offer a “poor man’s network analyzer” capability because the typical
approach uses the swept or stepped LO approach, which differs from the traditional way in which
data is acquired and processed on an MDO.
[Prior Art Documents]
[Patent Documents]
[0005]
[Patent Document 1] Japanese Patent Publication No. 2009-516475
[Non Patent Documents )
[oo06]
[Non Patent Document 1] The website for the MDO4000 series Mixed Domain
Oscilloscope by Tektronix, [online], [Searched on Oct. 22, 2013], Internet
<http://www.tek.com/ja/products/oscilloscopes/mdo4000/>
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[ Summary of the Invention]
[Problem to be Solved by the Invention]
[0007])
It would be desirable to provide an MDO with an internal chirp generator and the capability of
transmitting a chirp signal. Moreover, it would be desirable to provide time alignment logic for
time aligning the chirp signal with an acquisition so that a user can obtain and analyze
measurements such as scalar s parameters. Embodiments of the invention address these and other
limitations in the prior art.
[ Means for Solving the Problem]
[0008]

A concept 1 of the present invention is a mixed-domain oscilloscope, comprising:

a signal generator configured to generafe a test signal having a span ranging from a user-
configurable start frequency to a user configurable stop frequency;

an output channel coupled to the signal generator and configured to transmit the test signal;

an RE input channel configured to receive a return signal based on the test signal;

an acquisition section configured to acquire and digitize the return signal as an acquisition record,
and

a ramp busy signal generator configured to substantially time-align the acquisition record with
the test signal.

[000 9]

A concept 2 of the present invention is the mixed-domain oscilloscope of the concept 1, wherein;

the test signal is a chirp signal;

the signal generator is configured to generate the chirp signal;

the return signal received by the RF input channel is based on the chirp signal; and

the acquisition section is configured to acquire, in a single acquisition, substantially the entire
chirp signal.

[0010])

A concept 3 of the present invention is the mixed-domain oscilloscope of the concept 2, wherein
the chirp signal is a linearly swept sine wave configured to span between the user-configurable start
frequency and the user-configurable stop frequency.

[0011]

A concept 4 of the present invention is the mixed-domain oscilloscope of the concept 2, wherein
a length of the acquisition record corresponds to the span of the chirp signal less a first margin at a
beginning of the chirp signal and less a second margin at an ending of the chirp signal.

[0012])

A concept 5 of the present invention is the mixed-domain oscilloscope of the concept 4, wherein:

the first margin is defined by a difterence between a first edge of a ramp busy signal and the
beginning of the acquisition record; and

the second margin is defined by a difference between a second edge of the ramp busy signal and
the ending of the acquisition record.
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[0013]

A concept 6 of the present invention is the mixed-domain oscilloscope of the concept 1, wherein

the test signal is a continuous wave signal.
[0014]

A concept 7 of the present invention is the mixed-domain oscilloscope of the concept 1, wherein:

the ramp busy signal generator is configured to generate a ramp busy signal; and

the signal generator is configured to transmil the test signal responsive to the ramp busy signal.

[0015]

A concept 8 of the present invention is the mixed-domain oscilloscope of the concept 1, wherein
the acquisition section further comprises:

an analog-to-digital converter configured to digitize the return signal;

a block down converter coupled to the analog-to-digital converter and to the RF input channel,
the block down converter being configured to receive the return signal from the RF input channel
and to block feed the return signal to the analog-to-digital converter;

acquisition memory coupled to the analog-to-digital converter and configured to store the
digitized signal as the acquisition record;

a digital down converter coupled to the acquisition memory and configured to digitally down-
convert the digitized signal to a frequency span ranging from the user-configurable start frequency
to the user-configurable stop frequency.

[0016]

A concept 9 of the present invention is the mixed-domain oscilloscope of the concept 8, wherein:

the digital down converter includes a Discrete Fourier transform section configured to convert the
digitized signal to the frequency domain; and

the mixed-domain oscilloscope further comprises a display configured to display a spectrum of
the return signal so as to provide a measurement of a 2 port scalar s parameter.

[0017]

A concept 10 of the present invention is the mixed-domain oscilloscope of the concept 8,
wheren:

the test signal is a chirp signal;

the signal generator is configured to generate the chirp signal; and

the user-configurable start frequency corresponds to a beginning frequency of the chirp signal
and the user-configurable stop frequency corresponds to an ending frequency of the chirp signal.

[0018]

A concept 11 of the present invention is a method for measuring a scalar s parameter on a mixed-
domain oscilloscope, the method comprising:

generating, by a signal generator, a test signal having a span ranging from a user-configurable
start frequency to a user configurable stop frequency;

transmitting, by an output channel, the test signal;

receiving, by an RF input channel, a return signal that is based on the test signal;

acquiring and digitizing the return signal as an acquisition record,
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time aligning the acquisition record with the test signal;
processing an entire spectrum of frequencies associated with the acquisition record at
substantially the same time; and
displaying, on a display of the mixed-domain oscilloscope, the spectrum so as to measure the
scalar s parameter.
[0019]
A concept 12 of the present invention is the method of the concept 11, wherein the scalar s
parameter is a S21 scalar s parameter, the method further comprising:
connecting a first port of a device under test to the output channel of the mixed-domain
oscilloscope;
connecting a second port of the device under test fo the RF input channel of the mixed-domain
oscilloscope; and
displaying, on the display of the mixed-domain oscilloscope, the spectrum so as to measure the
521 scalar s parameter.
{0020]
A concept 13 of the present invention is the method of the concept 11, wherein the scalar s
parameter is a S11 scalar s parameter, the method further comprising:
connecting the output channel of the mixed-domain oscilloscope to a first port of an return loss
bridge;
connecting the RF input channel of the mixed-domain oscilloscope to a second port of the return
loss bridge;
connecting a first port of a device under test to a third port of the return loss bridge;
terminating a second port of the device under test; and
displaying, on the display of the mixed-domain oscilloscope, the spectrum so as to measure the
S11 scalar s parameter.
[0021]
A concept 14 of the present invention is the method of the concept 11, further comprising
calibrating the test signal.
[oo22]
A concept 15 of the present invention is the method of the concept 14, wherein calibrating the
test signal further comprises:
looping the test signal from the output channel to the RE input channel;
displaying, on the display of the mixed-domain oscilloscope, a horizontal reference line
associated with the return signal;
detecting ripples in the reference tine;
calibrating out the ripples in the reference line so that the reference line represents a 100%
reflection reference line.
[0023]
A concept 16 of the present invention is the method of the concept 11, further comprising;
selecting a resolution bandwidth to be within the span of the test signal.
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[0024]

A concept 17 of the present tnvention 1s a system for making measurements on a mixed-domain
oscilloscope, the system comprising;

a device under test including first and second ports;

a mixed-domain oscilloscope including an output channel coupled to the first port of the device
under test and an RF input channel coupled to the second port of the device under test, wherein the
mixed-domain oscilloscope further includes:

a signal generator configured to generate a test signal having a span ranging from a user-
configurable start frequency to a user configurable stop frequency;

an output channel coupled to the signal generator and configured to transmit the test signal to
the first port of the device under test;

an RF input channel configured to receive a return signal from the second port of the device
under test, the return signal being based on the test signal;

an acquisition section configured to acquire and digitize the return signal as an acquisition
record; and

a ramp busy signal generator configured to substantially time-align the acquisition record with
the test signal.

[0025]}

A concept 18 of the present invention is the system of the concept 17, wherein:

the test signal is a chirp signal;

the signal generator is configured to generate the chirp signal;

the return signal received by the RF input channel is based on the chirp signal; and

the acquisition section is configured to acquire, in a single acquisition, substantially the entire
chirp signal.

[0O26]})

A concept 19 of the present invention is the system of the concept 18, wherein the chirp signal is
a lincarly swept sine wave configured to span between the user-configurable start frequency and the
user-configurable stop frequency.

[0027]
The foregoing and other features and advantages of the inventive concepts will become more
readily apparent from the following detailed description of the example embodiments, which
proceeds with reference to the accompanying drawings.
[ Brief Description of the Drawings]
[0028]}

{[Figure 1A] Figure 1A is an example block diagram of a system including a mixed-domain
oscitloscope (MDQO) and a device under test in accordance with some embodiments of the present
invention.

[Figure 1B] Figure 1B is an example block diagram of a system including a more detailed
view of the MDO and the device under test of Figure 1A in accordance with some embodiments of

the present invention.
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[Figure 2] Figure 2 is an example diagram of the relationship between a chirp signal. a ramp
busy signal, an acquisition, and the like, in accordance with some embodiments of the present
invention.

[Figure 3] Figure 3 is an example diagram of a display of the MDQ in relation to Figures 1A
and 1B, in accordance with some embodiments of the present invention.

[Figure 4] Figure 4 is another example diagram of a display of the MDO in relation to
Figures 1A and 1B, in accordance with some embodiments of the present invention.

[Figure 5] Figure 5 is an example block diagram of another system including a return loss
bridge, a detailed view of the MDO, and the device under test in accordance with some
embodiments of the present invention.

[Figure 6] Figure 6 is another example diagram of a display of the MDO in relation to
Figure 5, in accordance with some embodiments of the present invention.

[Figure 7] Figure 7 is an example block diagram of still another system including a return
loss bridge, a detailed view of the MDO, and the device under test in accordance with some
embodiments of the present invention.

[Figure 8] Figure 8 is an example flow diagram illustrating a technique for measuring scalar
s parameters on an MDO according to some embodiments of the present invention.

[ Embodiments for Carrying out the Invention]

[o029]
Reference will now be made in detail to embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. In the following detailed description, numerous
specific details are set forth to enable a thorough understanding of the inventive concepts. It should
be understood, however, that persons having ordinary skill in the art may practice the inventive
concepts without these specific details. In other instances, well-known methods, procedures,
components, circuits, and networks have not been described in detail so as not to unnecessarily
obscure aspects of the embodiments.

[0030]
It will be understood that, although the terms first, second, etc. may be used herein to describe
various elements, these elements should not be limited by these terms. These terms are only used to
distinguish one element from another. For example, a first port could be termed a second port, and,
similarly, a second port could be termed a first port, without departing from the scope of the
inventive concept.

[0031]
The terminology used in the description of the various embodiments herein is for the purpose of
describing particular embodiments only and is not intended to be limiting of the inventive concepts.
As used in the description and the appended claims, the singular forms *a”, “an” and “the™ are
intended to include the plural forms as well, unless the context clearly indicates otherwise. It will
also be understood that the term “and/or” as used herein refers to and encompasses any and all
possible combinations of one or more of the associated listed items. It will be further understood
that the terms “comprises™ and/or “comprising,” when used in this specification, specify the
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presence of stated features, integers, steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof. The components and features of the drawings are not
necessarily drawn to scale.

[0032]
Embodiments of the invention include instruments, systems and methods for making measurements
on a mixed-domain oscilloscope (MDO) using an internal chirp generator, an output channel, an RF
input channel, and time alignment logic. For example, the MDO can take 2 port scalar s parameter
measurements, otherwise known by persons having skill in the art as 521 or S21(db) when the
magnitude 1s presented in decibels. By way of another example, the MDO can take single port
scalar s parameter measurements, otherwise known as S11 or S11(db). In addition, the MDO
according to inventive aspects disclosed herein can make distance-to-fault measurements, and the
like.

[0033]
Since a local escillator (LO) of an MDO is fundamentally different than that of a traditional
spectrum analyzer, the typical “poor man’s network analyzer” approach using a swept or stepped
LO in combination with a tracking generator is not suitable. Rather, as disclosed in detail herein,
the MDO uses an internally generated test signal, referred to as a “linear chirp” or “chirp signal”
that ranges from a user-configurable start frequency to a user-configurable stop frequency. In other
words, the user-configurable start frequency corresponds to a beginning frequency of the chimp
signal and the user-configurable stop frequency corresponds to an ending frequency of the chirp
signal. The chirp signal is a linearly swept sine wave between the predefined beginning and ending
frequencies. The start and stop frequency of the chirp signal correspond to user configurable start
and stop frequency settings of the MDO. The time duration and amplitude of the chirp signal can
also be controlled within the limits of the hardware.

{0034}
In addition, the MDO includes time alignment logic including a chirp signal generator to produce
the chirp signal and a ramp busy signal generator to produce a ramp busy signal. The ramp busy
signal generator provides a ramp busy signal for the duration of the chirp signal so that an
acquisition record that represents the displayed spectrum can be time-aligned with the chirp signal.
In this manner, the entire chirp can be captured in a single acquisition. Notably, the entire spectrum
is processed and updated with each acquisition rather than one frequency point at a time as in the
case of a swept or stepped method. In other words, using the conventional swept or stepped method,
at any point in time, a single frequency is being processed, whereas the inventive aspects disclosed
herein include simultaneously processing a large swath of frequencies within the time period of a
single acquisition.

[0035]
Figure 1A is an example block diagram of a system 100 including a mixed-domain oscilloscope
{(MDO) 105 and a device under test (DUT) 155 in accordance with some embodiments of the
present invention. The MDO 105 includes an 1/O section 110. The I/O section 110 includes a test
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signal output channel 115 and associated output port 135. The 1/0 section 110 also includes an RF
input channel 120 and associated input port 140

[c0o386]
The DUT 155 receives the test signal 137 via a first port {i.¢., Port 1). The DUT 155 processes the
test signal 137 and returns a return signal 142 to the MDO 105 via a second port (i.e., Port 2). The
MDO 105 receives the return signal 142 via the input port 140. The processing and controi logic
112 is coupled to the RF input channel 120 and is configured to acquire and digitize a return signal
142 as an acquisition record, which is described in further detail below. The processing and control
logic 112 time-aligns the acquisition record with the test signal, which is also further described in
detail below. The processing and control logic 112 causes a spectrum of frequencies associated
with the return signal 142 to be displayed on the display 195. The processing and control logic 112
may include or otherwise be implemented by hardware, firmware, software, or any suitable
combination thereof.

[0037]
Figure 1B is an example block diagram of a system 100 including a more detailed view of the MDO
105 and the DUT 155 of Figure 1A in accordance with some embodiments of the present invention.
The processing and control logic 112 of the MDO 105 can include time alignment logic 175 and an
acquisition section 114. The example system 100 is particularly useful for making a 2 port scalar s
paramefer measurement, or in other words, an S21(db) measurement.

[003 8]
In addition to the output channel 115 and the RF input channel 120, the 1/0 section 110 may also
include one or more digital input channels 125 and associated ports 145, and one or more analog
input channels 130 and associated ports 150. The processing and control logic 112 is configured to
generate a test signal 137, such as a chirp signal, which is transmitted by the test signal output
channel 115 via the output port 135,

[0039]
The time alignment logic 175 can include a chirp signal generator 160 to generate a test signal 137,
such as a chirp signal, having a span ranging from a user-configurable start frequency to a user-
configurable stop frequency. The chirp output channel 115 is coupled to the chirp signal generator
160. The chirp output channel 1135 transmits the chirp signal 137 via the output port 135. The chirp
signal 137 is a linearly swept sine wave configured to span between the user-configurable start
frequency and the user-configurable stop frequency.

[0040]
It will be understood that the test signal 137 can be a signal other than a chirp signal. For example,
the test signal 137 can alternatively be a continuous wave (CW) signal. In the case where the test
signal 137 is a CW signal, individual frequencies are transmitted to the DUT 155, acquired by the
MDO 105, and individually processed by the processing and controf logic 112, Nevertheless, for

the sake of consistency, the test signal 137 will generally be referred herein as the chirp signal 137.
foo41]
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Referring once again to the time alignment logic 175, a ramp busy signal generator 170 is
configured to generate a ramp busy signal 172. The chirp signal generator 160 is configured to
transmit the chirp signal 137 responsive to the ramp busy signal 172, The ramp busy signal 172 is
used to produce the chirp signal 137, In addition, the ramp busy signal 172 is used to substantially
time-align an acquisition record 193, that gets stored in the acquisition memory 190, with the chirp
signal 137, as described in further detail below. The chirp signal generator 160 receives the ramp
busy signal 172 and produces the chirp signal 137 for the duration of the ramp busy signal 172.

[004 2]
The ramp busy signal derives its name from a ramped voltage that follows the chirp of the signal.
For example, a lower voltage can correlate to a lower frequency, and as the ramp busy signal 172
ramps upward, the frequency of the chirp signal 137 increases over the predefined span.
Alternatively, the frequency of the chirp signal 137 can decrease over the predefined span. As
another alternative, the ramp busy signal 172 can ramp downward. The frequency of the chirp
signal 137 can increase or decrease responsive to the ramp busy signal 172. The acquisition section
114 can also receive the ramp busy signal 172 via control lines 177 so that the acquisition record
193 can be automatically time-aligned to the transmission of the chirp signal 137. That is, the
acquisition record 193 can be time-aligned fo the chirp signal 137 after the chirp signal 137 1s
processed by the DUT 155 and returned in the form of the return signal 142.

[004 3]
The acquisition section 114 of the processing and control logic 112 includes a block down-
converter 180, an analog-to-digital converter (ADC) 185, acquisition memory 190, and a digital
down-converter (DDC) 192, The acquisition section 114 is configured to acquire and digitize the
return signal 142 as an acquisition record 193 in the acquisition memory 190.

[004 4]
The return signal 142 is based on the chirp signal 137. 1n other words, the return signal 142 1s the
chirp signal 137 after it is transmitted to and returned by the DUT 155. The DUT 155 may cause
the chirp signal 137 to be altered, for example, by a band pass filter 157 or other components 157
present within the DUT 155. Nevertheless, the return signal 142 returned by the DUT 155 is
derived at least in part by the chirp signal 137. The acquisition section 114 is configured to acquire,
in a single acquisition, substantially the entire chirp signal 137. That is, the acquisition section 114
is configured to acquire, in a single acquisition, the entire chirp signal 137 after being processed by
the DUT 155 and returned in the form of the return signal 142, A length of the acquisition record
corresponds to the span of the chirp signal less a first margin at a beginning of the chirp signal and
less a second margin at an ending of the chirp signal, as further described below.,

[0045]
The ADC 185 digitizes the retumn signal 142. The block down-converter 180 is coupled to the ADC
185 and to the RF input channel 120. The block down-converter 180 receives the return signal 142
from the RF mput channel 120 and block feeds the return signal 142 to the ADC 185, The
acquisition memory 190 is coupled to the ADC 185 and stores the digitized return signal 142 as the
acquisition record 193. The DDC 192 is coupled fo the acquisition memory 190 and is configured
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to digitally down-convert the digitized signal to a frequency span ranging from the user-
configurable start frequency to the user-configurable stop frequency. The DDC 192 may include a
Discrete Fourier transform (DFT) section 194, which converts the digitized signal to the frequency
domain.

[00456]
The processing and control logic 112 is coupled to the display 195. The display 195 is configured
to display a spectrum of the return signal 142 so as to provide a variety of measurements, such as a
2 port scalar s parameter measurement, a single port scalar s parameter measurement, a distance-to-
fauit measurement, and the like. As explained above, the system configuration 100 shown in Figure
18 is particularly useful for making a 2 port scalar s parameter measurement.

[0047])
Figure 2 is an example diagram of the relationship between a chirp signal 137, a ramp busy signal
172, an acquisition or acquisition record 193, and the like, in accordance with some embodiments of
the present invention. As can be seen, the chirp signal 137 ranges over a selected span 205 from a
user-configurable start frequency 220 to a user configurable stop frequency 225. The amplitude
250 of the chirp signal 137 s also user-configurable.

[00438]
A length of the acquisition record 193 corresponds to the span 205 of the chirp signal 137 less a
first chirp margin 215 at a beginning of the chirp signal 137 and less a second chirp margin 215 at
the ending of the chirp signal 137. The first margin 215 is defined by a difference between a first
edge 230 of the ramp busy signal 172 and the beginning 240 of the acquisition record 193. The
second margin 2135 is defined by a difference between a second edge 235 of the ramp busy signal
172 and the ending 245 of the acquisition record 193. The margins can be automatically
determined. Alternatively, the margins can be manually selected.

[0049]
The chirp signal 137 covers the span 205. H is preferable that the acquisition time duration, or in
other words, the length of the acquisition record 193, be within the duration of the chirp signal 137.
Otherwise, the acquisition record 193 would be incomplete if the length of the acquisition exceeded
the chirp. It is beneficial to have the length of the chirp signal 137 cover and even slightly exceed
the acquisition length. To optimize the dynamic range, it is desirable to have the acquisition record
193 use substantially the full charp signal 137, with a relatively small amount of overlap or margin
at the ends.

(0050]
Figure 3 1s an example diagram of a display 1935 of the MDO in relation to Figures 1A and 1B, in
accordance with some embodiments of the present invention. Figure 4 is another example diagram
of a display of the MDO in relation to Figures 1A and 1B, in accordance with some embodiments of
the present invention. Reference is now made to Figures 3 and 4.

[0051]
Window 320 of the display 195 shows an example of the ramp busy signal 172 and the position of
the acquisition 193 relative to the ramp busy signal 172. The acquisition 193 can be manually
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positioned relative to the ramp busy signal 172, For example, the user can manually slide the
acquisition 193 to a desired location within the ramp busy signal 172, Alternatively, the acquisition
193 can be automatically positioned relative to the ramp busy signal 172, Tt will be understood that
the window 320 need not be present when the user desires to take measurements in accordance with
the inventive concepts disclosed herein. For example, as shown in Figure 4, there may be a single
window showing the spectrum 305.

[o05 2]
Window 325 shows a spectrum 305 of the return signal 142 after having been applied to a band pass
filter 157 in an S21 type measurement. The band pass filter 157, for example, can be one of a
plurality of components of the DUT 155, In this example, the span 205 i1s 400 MHz. The
horizontal axis of the spectrum 3035 represents frequency expressed m GHz and the vertical axis
represents amplitude expressed in decibels. The scale 315 of the vertical axis in this example is set
to 10 dB/div, but can be set to other suitable values. The resolution bandwidth (RBW) 310 in this
example is set to 20 kHz.

(005 3]
if the chirp signal 137 is looped from the output port 135 (of Figures 1A and 1B) to the mput port
144, then the return signal would appear as a substantially horizontal line 405 as shown in Figure 4.
This represents a substantially 100% transmission line, or in other words, the peak of the chirp
signal across the predefined span. If instead the chirp signal 137 is transmitted to the DUT 135 (of
Figures 1A and IB), and the DUT 155 includes a band pass filter, then the return signal would
appear as shown in window 325, In other words, the band pass filter passes part 330 of the line 405
and the rest 1s rejected by the filter. Put differently, when making an 821 type measurement of a
DUT 105 having a band pass filter, loss is low in the pass band of the filter, and outside of the filter,
the loss 1s increased.

[0054]
The range of chirp frequencies depends on the width of the span 205. The wider the span 205, the
less dynamic range there is. The dynamic range can be defined as the distance 410 between the
reference line 405 and the noise floor 415, The noise floor 415 is determined at least in part by the
RBW 310. The RBW 310 can be selected by the user to fit within the span 205 over which the user
wants to make the measurement. There is a tradeoff between the amount of dynamic range and the
span over which the user desires to make the measurement. The wider the span, the less dynamic
range is available. Thus, the loss in dynamic range can be mitigated by controlling the width of the
span. If a CW signal or tone is used in place of the chirp signal, then an improved dynamic range
can be achieved because each individual frequency has associated therewith an individual
acquisition. Although the CW signal approach improves the dynamic range, such approach is
significantly slower than other methods described herein.

[0055]
Figure 5 is an example block diagram of another system 500 including a return loss bridge 505, a
detailed view of the MDO 103, and the DUT 155 in accordance with some embodiments of the
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present invention. The system 500 shown in Figure 5 is particularly useful for making a single port
scalar s parameter measurement, or in other words, an S11(db) measurement.

[0056]
The MDO 105 contains components that are similar to or the same as that described above with
reference to Figures 1A and 1B, and therefore, a detailed description of such components is not
repeated for the sake of brevity, Notably, the system 500 of Figure 5 includes the return loss bridge
505. It will be understood that while the return loss bridge 5035 is illustrated as an external return
loss bridge, the return loss bridge 505 can alternatively be disposed internal to the MDO 105.

{005 7]
Generally, return loss bridges are passive devices and include three ports. The incident signal (e.g.,
the chirp signal) travels through one port until it hits the DUT, which is attached to another port of
the return loss bridge. The reflected portion of the incident signal is detected by the RF input
channel 120 of the MDO 105 via yet another port of the return loss bridge. It will be understood
that other types of bridges may be used, such as a Wheatstone bridge (not shown), which measures
a voltage across two terminals in the presence of signal reflection.

[0058]
More specifically, the output channel 115 of the MDO 105 can be coupled to a first port (e.g., port
1) of the return loss bridge 505, The RF input channel 120 of the MDO 105 can be coupled to a
second port (e.g., port 2) of the return loss bridge 505. The first port (¢.g., port 1) of the DUT 155
can be coupled to a third port (e.g., port 3) of the return loss bridge 505. A second port (e.g., port 2)
of the DUT 155 can be terminated, for example, using a 30 ohm terminator 510. In this
configuration, the MDO 105 can make an S11 type measurement, which measures the reflection of
a single port.

{005 9]
Figure 6 is another example diagram of a display 195 of the MDO 103 in relation to Figure 5, in
accordance with some embodiments of the present invention. Display 195 of Figure 6 shows a
spectrum 605 of the return signal 142 after having been applied to a band pass filter 157 in an S11
type measurement. When making an S11 type measurement of the DUT 155 having a band pass
filter 157, the portions 610 of the spectrum 605 outside of the pass band of the incident signal is
substantially entirely reflected back. Conversely, in the portion 615 of the spectrum 605 that is
inside of the pass band, a fesser amount of the signal is reflected back. It will be understood that the
DUT 155 can include components other than a pass band filter, and the resulting spectrums will
depend on such components. A 100% reflection line 620 can be obtained by putting an open or
short on a port {e.g.. port 3) of the return loss bridge 505, i.e., the port of return loss bridge that is
otherwise connected to the DUT 155, The 100% reflection line 620 can be calibrated prior to
making the S11(db) measurement, as further described below.

{0060]
Figure 7 is an example block diagram of still another system 700 including a return loss bridge 503,
a detailed view of the MDO 105, and the DUT 155 in accordance with some embodiments of the
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present invention. The system 700 shown in Figure 5 is an alternate configuration for making a 2
port scalar s parameter measurement, or in other words, an S21(db) measurement.

[0061]}
The MDO 105 contains components that are similar to or the same as that described above with
reference to Figures 1A and 1B, and therefore, a detailed description of such components is not
repeated for the sake of brevity. Notably, the system 700 of Figure 7 includes the return loss bridge
505. It will be understood that while the return loss bridge 503 is illustrated as an external return
loss bridge, the return loss bridge 505 can alternatively be disposed internal to the MDO 105.
Details of the return loss bridge 5035 are not repeated for the sake of brevity.

[006 2]
The output channel 115 of the MDO 105 can be coupled to a first port (e.g., port 1) of the return
loss bridge 505. A second port (e.g., port 2) of the return loss bridge 505 can be terminated, for
example, using a 50 Ohm terminator 710, A third port (e.g., port 3) of the return loss bridge 505
can be coupled to a first port (e.g., port 1} of the DUT 155, The RF input channel 120 of the MDO
105 can be coupled to a second port (e.g., port 2) of the DUT 155, In this configuration, the MDO
105 can make an S21 type measurement of ports 1 and 2 of the DUT 155.

[0063]
Figure 8 is an example flow diagram 800 illustrating a technigue for measuring a scalar s parameter
805 where the test or chirp signal can be calibrated. For example, calibrating can include looping
the chirp signal from the output channel 115 of the MDO 105 to the RF input channel 120 of the
MDO 105. This results in the display of a horizontal reference ling (e.g., 620 of Figure 6)
associated with the return signal. Any ripples or imperfections in the reference line 620 can be
detected and calibrated out so that the reference line represents a 100% reflection reference line.

[006 4]}
The flow proceeds along one of two branches, as indicated by branch S21 and branch S11. Branch
521 is followed when performing an 821 type measurement. Branch S11 is followed when
performing an S11 type measurement.

[0065]
Taking branch S21, a first port of the DUT is connected to an output channel of the MDO at &10.
At 813, a second port of the DUT is connected to the RF input channel of the MDO.

[0066]}
Taking branch 511, an output channel of the MDO is connected to a first port of a return loss bridge
at 820. At 825, the RF input channel of the MDO is connected to a second port of the return loss
bridge. Along this path, the flow proceeds to 830, where a first port of the DUT is connected to a
third port of the return loss bridge. At 835, a second port of the DUT is terminated.

[006 7]}
Both of the branches S21 and §11 converge at 840, where a chirp signal having a span ranging from
a user-configurable start frequency to a user-configurable stop frequency is generated. The flow
then proceeds to 845, where the chirp signal is transmitted via the output channel of the MDO. The
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technique continues to 850, where a return signal is received via the RF input channel of the MDO.
The return signal is based at least in part on the chirp signal, and represents the chirp signal after
being passed through the DUT. At 855, the return signal is acquired and digitized as an acquisition
record.

[00638]
The acquisition record is time-aligned at 860 with the chirp or test signal. At 8635, the entire
spectrum of frequencies associated with the acquisition record is processed at substantially the same
ttme, rather than on an individual frequency-then-acquisition basis. The entire spectrum is updated
and displayed at 870 on the display of the MDO so as to easily and efficiently measure a scalar s
parameter or other suitable test parameters.

{06 9]
it should be understood that the determinations in the flow diagram 800 need not occur in the
specific order as described, but rather, these determinations can be made at different times. It wili
also be understood that the steps described in these techniques need not necessarily occur in the
order as illustrated or described.

[0070])
Embodiments of the inventive concepts disclosed herein provide for a “poor man’s network
analyzer” within an MDO, including an internally generated and transmitted chirp signal, a high
speed acquisition, processing and display of the spectrum of the chirp signal in the frequency
domain, and the flexibility and ease of use coincident with MDO functionality. Moreover, various
types of measurements can be made such as an S21 type measurement, or when combined with a
return loss bridge, an 511 type measurement or distance-to-fault type measurement.

{oo71]
Although the foregoing discussion has focused on particular embodiments, other configurations are
contemplated. In particular, even though expressions such as “according to an embodiment of the
mventive concept” or the fike are used herein, these phrases are meant to generally reference
embodiment possibilities, and are not intended to limit the inventive concept to particular
embodiment configurations. As used herein, these terms can reference the same or ditferent
embodiments that are combinable into other embodiments.

{007 2]
The following discussion is intended to provide a brief, general description of a suitable machine or
machines in which certain aspects of the inventive concept can be implemented. Typically, the
machine or machines include a system bus to which is attached processors, memory, ¢.g., random
access memory (RAM), read-only memory (ROM), or other state preserving medium, storage
devices, a video interface, and input/output interface ports. The machine or machines can be
controlled, at keast in part, by input from conventional input devices, such as keyboards, mice, etc.,
as well as by directives received from another machine, interaction with a virtual reality {VR)
environment, biometric feedback, or other input signal. As wvsed herein, the term “maching” is
intended to broadly encompass a single machine, a virtual machine, or a system of communicatively
coupled machines, virtual machines, or devices operating together. Exemplary machines include
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computing devices such as personal computers, workstations, servers, portable computers, handheld
devices, telephones, tablets, etc., as well as transportation devices, such as private or public
transportation, e.g., automobiles, trains, cabs, etc.

[00 73]
The machine or machines can include embedded controllers, such as programmable or non-
programmable lfogic devices or arrays, Application Specific Integrated Circuits (ASICs), embedded
computers, smart cards, and the like. The machine or machines can utilize one or more connections
to one or more remote machines, such as through a network interface, modem, or other
communicative coupling, Machines can be interconnected by way of a physical and/or logical
network, such as an intranet, the Internet, local area networks, wide area networks, ete. One skilled
in the art will appreciated that network communication can utilize various wired and/or wireless
short range or long range carriers and protocols, including radio frequency (RF), satellite,
microwave, Institute of Electrical and Electronics Engineers (IEEE) 545.11, Bluetooth (Registered
trademarlk), optical, infrared, cable, laser, etc.

[0074]
Embodiments of the inventive concept can be described by reference to or in conjunction with
associated data including functions, procedures, data structures, application programs, etc. which
when accessed by a machine results in the machine performing tasks or defining abstract data types
or low-level hardware contexts. Associated data can be stored in, for example, the volatile and/or
non-volatile memory, e.g.. RAM, ROM, etc., or in other storage devices and their associated storage
media, including hard-drives, floppy-disks, optical storage, tapes, flash memory, memory sticks,
digital video disks, biological storage, etc. Associated data can be delivered over transmission
environments, including the physical and/or logical network, in the form of packets, serial data,
parallel data, propagated signals, etc., and can be used in a compressed or encrypted format.
Associated data can be used in a distributed environment, and stored locally and/or remotely for
machine access. Embodiments of the inventive concept may include a non-transitory machine-
readable medium comprising instructions executable by one or more processors, the instructions
comprising instructions to perform the elements of the inventive concept as described herein,

[0075]
Other similar or non-similar modifications can be made without deviating from the intended scope
of the inventive concept. Accordingly, the inventive concept is not limited except as by the
appended claims.

[ Description of Codes]

[0O076]
100 System
105 MDO
110 1/0 section
112 processing and control logic
114 acquisition section
115  Test signal output channel



120
125
130
137
142
135
157
160
170
175
180
185
190
192
193
195
500
505
700
710
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RF input channel
digital input channel
Analog mnput channel
Test signal

Return signal

DUT

band pass filter

chirp signal generator
Ramp busy signal generator
Time alignment logic
block down-converter
ADC

acquisition memory
digital down-converter
acquisition record
Display

System

Return Toss bridge
System

50 Ohm terminator
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[Claim 1]

A mixed-domain oscilloscope, comprising:

a signal generator configured to generate a test signal having a span ranging from a user-
configurable start frequency to a user configurable stop frequency:

an output channel coupled to the signal generator and configured to transmit the test signal;

an RF input channel configured to receive a return signal based on the test signal;

an acquisition section configured to acquire and digitize the return signal as an acquisition record;
and

a ramp busy signal generator configured to substantially time-align the acquisition record with
the test signal.

[Claim 2]

The mixed-domain oscilloscope of claim 1, wherein;

the test signal is a chirp signal,

the signal generator is configured to generate the chirp signal;

the return signal received by the RF input channel is based on the chirp signal; and

the acquisition section is configured to acquire, in a single acquisition, substantially the entire
chirp signal.

[Claim 3]

The mixed-domain oscilloscope of claim 1, wherein the acquisition section further comprises:

an analog-to-digital converter configured to digitize the return signal;

a block down converter coupled to the analog-to-digital converter and to the RF input channel,
the block down converter being configured to receive the return signal from the RF input channel
and to block feed the return signal to the analog-to-digital converter;

acquisition memory coupled to the analog-to-digital converter and configured to store the
digitized signal as the acquisition record,;

a digital down converter coupled to the acquisition memory and configured to digitally down-
convert the digitized signal to a frequency span ranging from the user-configurable start frequency
to the user-configurable stop frequency.

[Claim 4]

A method for measuring a scalar s parameter on a mixed-domain oscilloscope, the method
comprising:

generating, by a signal generator, a test signal having a span ranging from a user-configurable
start frequency to a user configurable stop frequency;

transmitting, by an output channel, the test signal;

receiving, by an RF input channel, a return signal that is based on the test signal;

acquiring and digitizing the return signal as an acquisition record;

time aligning the acquisition record with the test signal;

processing an entire spectrum of frequencics associated with the acquisition record at
substantially the same time; and
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displaying, on a display of the mixed-domain oscilloscope, the spectrum so as to measure the
scalar s parameter.
[Claim 5]
The method for measuring a scalar s parameter on a mixed-domain oscilloscope as recited in
claim 4, wherein the scalar s parameter is a S21 scalar s parameter, the method further comprising:
connecting a first port of a device under test to the output channel of the mixed-domain
oscilloscope;
connecting a second port of the device under test to the RF input channel of the mixed-domain
oscilloscope; and
displaying, on the display of the mixed-domain oscilloscope, the spectrum so as to measure the
521 scalar s parameter.
[Claim 6]
The method for measuring a scalar s parameter on a mixed-domain oscilloscope as recited in
claim 4, wherein the scalar s parameter 1s a St scalar s parameter, the method further comprising:
connecting the output channel of the mixed-domain oscilloscope to a first port of an return loss
bridge;
connecting the RF input channel of the mixed-domain oscilloscope to a second port of the return
loss bridge;
connecting a first port of a device under test to a third port of the return loss bridge;
terminating a second port of the device under test; and
displaying, on the display of the mixed-domain oscilloscope, the spectrum so as to measure the
S11 scalar s parameter.
[Claim 7]
The method for measuring a scalar s parameter on a mixed-domain oscilloscope as recited in
claim 4, further comprising calibrating the test signal.
[Claim 8]
The method for measuring a scalar s parameter on a mixed-domain oscilloscope as recited in
claim 7, wherein calibrating the test signal further comprises:
looping the test signal from the output channel to the RF input channel;
displaying, on the display of the mixed-domain oscilloscope, a horizontal reference line
associated with the return signal,
detecting ripples in the reference ling;
calibrating out the ripples in the reference line so that the reference line represents a 100%
reflection reference line.
[Claim 9]
A system for making measurements on a mixed-domain oscilloscope, the system comprising:
a device under test including first and second ports;
a mixed-domain oscilloscope including an output channel coupled to the first port of the device
under test and an RF input channel coupled to the second port of the device under test, wherein the
mixed-domain oscilloscope further includes:
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a signal generator configured to generate a test signal having a span ranging from a user-
configurable start frequency to a user configurable stop frequency;

an output channel coupled to the signal generator and configured to transmit the test signal to the
first port of the device under test;

an RF input channel configured to receive a return signal from the second port of the device
under test, the return signal being based on the test signal;

an acquisifion section configured fo acquire and digitize the return signal as an acquisition record;
and

a ramp busy signal generator configured to substantially time-align the acquisition record with
the test signal.

[ Abstract]

[Problem] Generate and provide a chirp signal to a DUT and measure a returned signal from the
DUT using MDO.

{Means for Solving Problem} An MDO 105 includes a signal generator 160 to generate a test
signal having a span ranging from a user-configurable start frequency to a user configurable stop
frequency. An output channel 115 transmits the test signal. An RF input channel 120 receives a
return signal based on the test signal, an acquisition section acquires and digitizes the return signal
as an acquisition record, and a ramp busy signal generator configured to substantially time-align the
acquisition record with the test signal. The test signal may be a chirp signal that is a linearly swept
sine wave that spans between the user-configurable start frequency and the user-configurable stop
frequency.

[Representative Drawing] Figure 1B



37) JP 2014-145757 A 2014.8.14

( MIXED-DOMAIN h 100
100 OSCILLOSCOPE 105
MIXED-DOMAIN ; 172 CHIRP 137
OSCILLOSCOPE 105 SIGNAL
GENERATOR
160 1f0 SECTION
/O SECTION 110 DEVICE
110 TIME — UNDER TEST
TEST SIGNAL DEVICE ALIGEMENTE| || oureur 155
OUTPUT 135 UNDER TEST L?%'C CHANNEL [
CHANNEL 137 155 142 o
PROCESSING 115 RAMP BUSY
AND PORT1 1 SIGNAL RF INPUT
CONTROL 177 GENE’;QTOR | cHanner |
LoGIC 1 120
11 PORT 2 L
RF INPUT 140
] CHANNEL 142 BLOCK DIGITAL
120 H DOWN- INPUT
CONVERTER CHANNELS
180 125
Figure 1A
DISPLAY 195 g oc) 114 ANALOG
185 INPUT
\_ \ CHANNELS
130
ACQUISITION
|-+{ MEMORY 130
i pocis
112 .
7 Figure 1B
—] DISPLAY 195
.
200 %
220 225 §
v v % £
3
H
i SPAN 205 | Sy
1 1 ERR
L H
CHIRP = 2
SIGNAL—» (
o
137 b
250 o-[ S o
@ 2
Ise) 2 m
S| S
7]
i/ -
230 235 & _DD
* + e e ] w
RAMP
BUSY
SIGNAL
172
;—-240 245-——*
| ACQUISITION RECORD 193 |
CHIRP CHIRP /
MARGIN—>”<'— —>“<—MARG|N Ny 1 o 2
215 215 - N T . 2

Figure 2 —



(38) JP 2014-145757 A 2014.8.14

( MIXED-DOMAIN h 500
OSCILLOSCOPE 105
172 CHIRP 162
SIGNAL
GENERATOR
405 ™ 160 IO SECTION
N 195 110
TIME
CHIRP
305\ 4?0 ALIGNMENT)| outeur L1356
Locic cHANNEL |
B 115
122
RAMP BUSY
415 ] SIGNAL RF INPUT
GENERATCR L
177 ere 1 cHanneL |
120
.
Figure 4 —
|| Dpown- INPUT R
'] CONVERTER CHANNELS
180 125 B
DEVICE
UNDER TEST
ADC) 114 ANALOG 155
185 INPUT
| \ CHANNELS
130
ACQUISITION 510
F{  MEMORY ,.\-
190 i
DDC 192
i 12 =
e
v
L DISPLAY 195
Figure 5
. y
( MIXED-DOMAIN h 700
OSCILLOSCOPE 105
172 CHIRP 162
620 -\ SIGNAL
\ 195 GENERATOR
160 1/10 SECTION
WWWWM 110
TIME
CHIRP
f 605/ ? ALIGNMENT OUTPUT
610 610 Logic ] CHANNEL
175 115
615 122
RAMP BUSY
—]  SienaL RF INPUT
GENERATOR
. 17 170 - CHANNEL
Figure 6 B
BLOCK DIGITAL
li| Down- INPUT
CONVERTER CHANNELS
180 125
DEVICE
apc| 114 ANALOG UNDER TEST
185 \\ INPUT 155
‘ CHANNELS
130
ACQUISITION
1 MEMORY
190
DDC 192
DFT 194 112
)
Y
L DISPLAY 195
o
Figure 7
\\ y




i

| CALIBRATEATESTSIGNAL |

$21 e — — —

_!_ _____ s11

810
CONNECT FIRST PORT OF DUT
TO OUTPUT CHANNEL OF MDO

815~ [

CONNECT SECOND PORT OF DUT
TO RF INPUT CHANNEL OF MDO

Y /820

(39)

CONNECT OUTPUT CHANNEL OF
MDO TO FIRST PORT OF RETURN
LOSS BRIDGE

s

CONNECT RF INPUT CHANNEL OF
MDO TO SECOND PORT OF

| E——
840 RETURN LOSS BRIDGE
GENERATE CHIRP ~ 530
SIGNAL HAVING SPAN CONNEGT FIRST PORT OF DUT
RANGING FROM A Y TO THIRD PORT OF RETURN
USER-CONFIGURABLE 1 LOSS BRIDGE
START FREQUENCY TO [ e
STOP FREQUENGCY e
TERMINATE SECOND PORT OF
845~ Y _I DUT

TRANSMIT THE CHIRP
SIGNAL VIA THE OUTPUT

CHANNEL OF THE MDO

\

A

_—850

RECEIVE A RETURN SIGNAL, BASED ON THE CHIRP SIGNAL, VIA THE RF
INPUT CHANNEL OF THE MDO

855

y
ACQUIRE AND DIGITIZE THE RETURN SIGNAL AS AN ACQUISITION
RECORD

—_—860

] TIME ALIGN THE ACQUISITION RECORD WITH THE TEST SIGNAL

y

865

PROCESS ENTIRE SPECTRUM OF FREQUENCIES ASSOCIATED WITH
THE ACQUISITION RECORD AT SUBSTANTIALLY THE SAME TIME

y

=870

DISPLAY, ON A DISPLAY OF THE MDO, THE SPECTRUM SO AS TO
MEASURE A SCALAR S PARAMETER

Figure 8

JP 2014-145757 A 2014.8.14



	biblio-graphic-data
	abstract
	claims
	description
	drawings
	foreign-language-body

