RIGOL

lanovation o nathing Interactive Debugging in MuBomain Environments

Interactive Debugging in Multi -Domain Environments

The continued expansion of the Internet of Things and the accompaR¥rigtegration challenges
meansthat designers benefit from versatility across disciplines. A single product routinely combines RF,
digital, and analog design elementditimately, this means engineers need to debug systems that

include both RF and embedded subsysteémsractively. Design issues can be seen in embedded signals,
RFsignals, oradiated emissiongvhile the root causeof the issues may be in any of those sectionin

the mechanical desigimo address complex debugging issues with flexibility and value, RIGOL combines
the latest Reallime Spectrum Analysis with embedded debugginguftiNDomain systems.

R 1 G Orulti-domainanalysiscombinesthe power of our new Realime Spectrum Analyzers
with our high-performanceoscilloscopes to makiavestigating, correlating, and analyzisignals easier
than with traditional instrumentationUnlike many of the basic ReEime Spetrum Analyzers on the
mar ket today, RI GOL’'s RSA series all have a combi
to work with an oscilloscope for advanced muaamain analysis.
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1-wL Dh gakXdne Spectrum Analyzer (RBBA)
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Investigate

Identifying issues starts with capturing and verifying signals either in the time domain or RF
domain.One of the advantages of this mylk instrument approach ikow easy it is to view signals in
either time or across spectruntWhen symptoms appear in tHeF transmissions use R@aine to
monitor the frequency band of interest using seamless captorimvestigate transient event&xtend
this analysis into the time domain wiffower vsTime view or by monitoring the Isignal oran
oscilloscope. Deep memory and waveform recordiagfy signals as they change on longer time scales.
di scuss t he -TinewnalRsEOnd af imamost impoirtantiss a v a i
the Density viewDensityview highlights tansient signals that are difficult to capture using other
techniqueshy visualizingorobability of occurrence in color. As shown in Figure 2, Density view makes it
possible to differentiate signals even when one is obscured by the spectrum of the ahat.\éiith
Frequency on the X axis and Power on the Y axis, the color shows how often the power in that frequency
is at that level with yellow and red being more consistently at that level and bluer hues showing

First, |l et ' s

infrequent signal levels.

2 - Density viewof a hidden signal artifact
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Using the Realime visualization modes we can capture any RF errors and investigate how they

change overtime A's
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talked about he first Density whichshows time as probability of occurrenc&pectrogram shows a
history of power across the spectrum aRdwer vsTime showshe timing of power changeom

microseconds to seconds
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Center Freq: 2.440000000 GHz
Span:  40.000000 MHz

Center Freq : 2.4400 GHz Span : 40.000 MHz
| RBW : 100.45 kHz Acq Time : 60.9951 ms
Total:775,Cur Trace:1,Time:47.2712 s

3-RSADensity & Spectrogram

While Density shows how oftezach signal is active along the spectrum, the Spectrogram shows
the sequencing of these signals over longer time periods. Figure 3 shows a hopping FSK modulated signal
that we need to characterize. With the addition of the spectrogram we can now eadiltjfydihe
hopping algorithm and channel spacing over time. Markers can be used on the Spectrogram display to
calculate the tinng between transmissiond-or fat, transient events like thedbe Power vs. Time
displaycan be used to providadditionalsigral characteristics
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4 - RSAPower vs. Time

Figure4 shows the same signal with the addition of the Power vs. Time display in the top right. In
that panel,we can see the fns repetition rate of tistransmissionThe spectrogranfon the left)shows
the samehopping sequence and the spectrum in thattom panel shows the latest capture of the FSK
pulse This capture is triggeringhen it detectsa power level oft least-60 dBm.

The individual pulses shawvin Figured4 aretoo short to measure. To zoom on thispulse width,
connect the scope to the IF Output. This makes it possible to view the precise timing of the RF pulse and
see it in context of other signals.

Whether focused on emissions or transmissions in RF spaeafthe challengsfor any of these issues
is when theroot cause ends up being an emission or signal from a different section of the device. This is
when signal correlation becomes importantitderactivedebugging.
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Correlate

Once bugs are located it is often necessary to cometanbedded signalsr serial data packets
with RF signal® find the root cause. There athree ways the RSA and an Oscilloscope, such as the
RIGOI7000 Series, can be used together to correlate these signals.

IF CH
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5 - InstrumentConnectiosfor Multi-Domain Debugging

Forall three methods, cmnnectthe instruments as shown in figuke This makes all of our interactive

debugging methods possible. The RSA trigger out is connected to either the external input or a standard
channel. TheOscillosope’ s trigger output is connected to the
connectedto 800 MHzs cope channel in 50 Q mode. Now we can
panel to trigger together in 3 different wayshd first method involves triggering on tlescilloscope

itself. With the RSA in Re@ime mode you can nogelect aview andtrigger on the scope channel

connected to the RSA IF Output. The scope can be set to trigger on RF power changes. These changes are
correlated with the other signals captured by the scope for analysis. The IF Output downconverts the

center frequency of the Redlime display to 430 MHz making the data easy to analyze on a 500 MHz
scope.Use this triggering method to select a triggesrfr any embedded signals on the mixed signal
oscilloscope or from the IF output channel on the oscilloscope. View and analyze time correlated signals
looking for causal patterns on the scope.

The second method improves detailed analysis by ensuring bdtluinent pause together. This would

betoalsat ri gger the RSA f r onNow,lthe RSAeiligyerwith thescopegger out p
makingcorrelatedvisualization of the spectrum possibldenever the scope identifies a trigger event

Basic visualizain of the spectrum caalsobe done with the FFT Math function on the oscilloscope

this mode This method is ideal for viewing signals where there are complex time correlated events as

well as RF signal patterns that are best viewed on the analyzeelas
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For more complex RF signalge can uséhe third triggering methodThis takes advantage of the Real

Time capabilities to trigger on the power level or spedifities within thespectrum Here weset the

RSA trigger mode to Rer or Frequency Maskrigger, @able theR S Arigger out and use this signal

to trigger the scope. Now, you can view the status of embedded, power, and serial signals at the time of
a RF event or EMI emissidrhePowerTrigger being used to capture a FSK pulse is shofiguie 6 and

the resulting pulse and triggés shown on the scope in figui& In this mode, both instruments will

trigger together only when power is detected in the 2.4 GHz band at or al7évéBm.

Having investigated potential bugs and correlated aigtacross the relevant sections of our device we
can now analyze changes and improvements to solve the problem.
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6 - RSA Frequency Mask Trigger
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7 - 7000 Series scope showinglEput from the RSA while triggering on the RSA trigger out externally

Analyze

Now that we have identified errors and correlated embedded and RF signals, we can further analyze
signals in a serie@Vith a deep memory scope like ti7@00 Seriesyou can use the long record length to
view the time before and after an RF event to fimdtrcauseof any errorsThis time based analysis is
critical since many of theauses are not instantaneous but are a result of a previous event.
Programmable components like FPGAs hide nudrtlyeseerrors. One way to debug and verify their
performance $ to monitor changes over tima a continuous dataset to locatbe logic orstate error.

RI GOL' s Waveform Record modedomaim analysis. Récerda power f
mode makes it possible to capture a sequence of thousands of trigger eVéets.playback or analyze
these frames using pass/fail masks or a point by peMS difference analysis. Comparing occurrences
of errors and establishing a common cause is critical to ultimately fixing the undéadyirg

In figure8 we are capuring the IF pulsedhannel 3} shown near the bottom of thenaindisplay as well

as its FFT in purplelere we have detected errant pulses in the 2FSK series and have located the related
embedded signal that is the root cause. Using record mode we csily saechannel 3 correlates with

RF powerOnce we solve the issues we have found, we use the RSA for verification of the overall
modulation scheme versus the design specifications.

Rigol Technolhies 05.06.2018



RIGOL

Innovation or nothing

Interactive Debugging in Mulbbomain Environments

RIGOL sop H 500ns 25kpis | [ Messwe

Record

Record

25/18350

Record
Playing

{Current »

b ey g e e el = L L‘W‘-‘-".—"—.%n“mﬁe#!rﬁ

Jump To
i ol faly g r i ’ . .
il it e B P R A : e R I« First

I | Ll

More)>

Save)

1 = 20.0mV B

Q -37.6mvV  @x09:48

8- 7000 Series Scope capture shalitch in center oRF pulse while recording trigger events

To do this evaluation we usethe Rdal me Spect r um ARSKIsignal analysis package.l uded
Once we have solved all of the embedded issues causing the pulse interruptions we can ttivate

2FSK mode in the analyzer and characterize each channel level and frequency to make sure it is within

the error budget. Figure 9 shows the results of the analysis on the improved hopping FSK signal.
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Center Freq : 2.4400 GHz Span : 40.000 MHz
RBW : 100.45 kHz Acq Time : 1.49999 s

2FSK Pass/Fail 7/0
Peak Num Peak1 Peak2 Peak3 Peakd Peaks Peak6
Freq 242735000 GHz  2.42930000 GHz 2.43900000 GHz  2.44095000 GHz 2.45060000 GHz  2.45260000 GHz
Amp -54.49 dBm -54.03 dBm -54.18 dBm -54.56 dBm -54.49 dBm -54.15 dBm
Freq Deviation 975.000 kHz 975.000 kHz 1.000000 MHz
Carrier Offset -11.675000 MHz -25.000 kHz 11.600000 MHz

9 ¢ 2FSK Analysis on the B8@0 Spectrum Analyze

Conclusion

The RSA Series R&aine Spectrum Analyzers from RIGOL are configured to make it easy to bring
reaktime visualization to muldomain debuggingUsed with a RIGOL MBiB4 Oscilloscopthe RSA
bridges the gap between RF and embedded signals making truedouitin analysis possible. Multi
Domain analysis includes time correlated RF and embedded signals, configurable triggering across signal
types, and adds redime visudization of the RF signaR.] G O L ' -Bomaruanalysis available at
significant savings to a single, new instrument withltradomain capabilities that woulstill limit how
you can visualize the cqotex RF signals in ret@ine. These capabilities make the RSA Series an
important part of MulttDomain analysiRIGOL brings value to debugging applications in RF and
embedded projects by sagrengineers both time and money.

For more information abouRIGOIls Real Time Analysis solutions go to
http://www.rigolna.com/producttour/

Learn about all our products atww.rigolna.com
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