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Test System Downtime
and Synchronization

Inaccurate
Measurements?

Test downtimes?
System failures?

Synchronization
problems?
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Technical Session Agenda

1. Choosingthe Optimal Oscilloscope Probe
2. Avoiding Downtime With CableSense™
3. Synchronizing Multiple Scopes with NI-TCIk
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Choosing the Optimal Oscilloscope Probe

Oscilloscope Probes




Choosing the Optimal Oscilloscope Probe

Important Probe Characteristics

Difference between the upper
and lower frequenciesin a
continuous band of frequencies

The value of the device
Impedance influences the effect
of probe loading

Ratio of the probe’s input signal
amplitude to the output signal
amplitude

The value of the capacitance
measured at the tip of the
probe




Choosing the Optimal Oscilloscope Probe

Loading Effects
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Choosing the Optimal Oscilloscope Probe

Types of Probes

Configuration Bandwidth

Direct BNC

Passive Probe

Active Probe

Fastest, most basic measurement.
Does not add source impedance to
prevent loading on source

Does not match impedances at
higher frequencies.

Scope Setting of 50Q

Can provide impedance near the
scope & source

Scope Setting of 1MQ

Does not require external power

supply

Reduces loading on probe location
with amplifier

Scope Setting of 50Q

Requires external power supply

Simple

Tens of GHz
Low-cost

Low-cost probe
option

Limits ringing
Attenuation options

Up to 500 MHz

Higher Bandwidth
than passive probes
Lower input
capacitance than
passive

Several GHz



Choosing the Optimal Oscilloscope Probe

Passive Probe Attenuation

Attenugtlon Description Benefits
Ratio

10 x PROBE
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Choosing the Optimal Oscilloscope Probe

Probe Compensation

= The process to which the input capacitance of the scope is canceled by adjusting the value of the
probe capacitor.

R e A

Overcompensated Undercompensated Properly Compensated




Choosing the Optimal Oscilloscope Probe

Probe Compensation

Calibration can be performed in either Instrument Studio or LabView

Resource Name
SO - R

Start Cal Pulse Stop Cal Pulse

Calibration pulse once enabled can be
generated on PFIO or 1




Choosing the Optimal Oscilloscope Probe

Probe Compensation
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Choosing the Optimal Oscilloscope Probe

Minimize Ground Lead Inductance

30cm clip
lead

Reference
lead with
crocodile clip

Push-on reference /

contactsuppresses
all ringing. /

25ns/div

¥ - Hiie—
—J



Choosing the Optimal Oscilloscope Probe

Active & Differential Probes

Probe Type Description

» Use of buffer or amplifier inside of the probe
Active Probes * Require use of external power supply
 Ideal for high-frequency measurements due to low input capacitance

« Allow for measurements to be taken without a reference to the ground plane
Eliminates combining two channels for floating voltage measurements
» Error specified in terms of CMRR

Differential Probes



Choosing the Optimal Oscilloscope Probe

Types of Probes

1 kV

Active or Passive Active

Active

BAN DWIDTH

DC 400-500 MHz 6GHz



Choosing the Optimal Oscilloscope Probe

Current Probes




ni.com




Avoiding Downtime with CableSense™

CableSense™ Qverview

TEMPERATURE
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Avoiding Downtime with CableSense™

CableSense™ Qverview
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Avoiding Downtime with CableSense™

CableSense™ vs. Traditional TDRs




Avoiding Downtime with CableSense™

Supported Oscilloscopes & Digitizers

500 MHz 1.5 GHz 100 MHz 350 MHz 500 MHz 3 GHz

0.5V 0.5V 0.4V 0.4V 0.4V 0.01V

950 ps 650 ps 4 ns 1.6 ns 1.3 ns 550 ps




Avoiding Downtime with CableSense™

Setting Up CableSense™ in LabView

= Few SubViIs are required to in order to utilize CableSense™

CBLSNSAcquire Waveform SubVI sends out pulse down the line and acquires the
reflected waveform.

CBLSNS COLLECT DATA SubVI compiles all data from the input waveform, cable
distances, number of waveforms, etc into one cluster.

CBLSNS Time & Distance SubVI creates the x-axis for the mask plots using either time
or distance.

CableSense Collect Data.vi
CableSense Acquire Waveform.vi

Mask Channel Mame

End of Cable Mode End of CahIS h_ftalge Time or Distance.vi
NITS 1IN
End of Cable VE|LIIE m VI Refrum in . Arra}r out
IVl Refrnum in I End of Cable Mode oLLES Array in
| I . oaTa . J_ Tl:I";.IEETII
o e T [T TSt Plot X-Ads
annel Mame ;
in ( ) e o errar in (no error) Time to Distance
error in (no error | Dlot X fuic .
Mumber of Averaged Waveforms Max Measurement Time Terminal Data Type
Measurement Time (s) Number of Averaged Waveforms %] Plot X-Axis (unsigned word [16-bit integer (0 to £3335)] enum {Tirme, Distance})




Avoiding Downtime with CableSense™

Setting Up CableSense™ in LabView

= Few SubViIs are required to in order to utilize CableSense™

CBLSNS Create Mask SubVI creates the upper and lower masks from the input
waveform.

CBLSNS Save Mask SubVI creates TDMS file for the masks.

CBLSNS Verify Mask SubVI compares the TDMS mask file to the newly acquired

waveform.
CableSense Mask Creater.vi SaveMask.vi CableSense Mask Verify.vi
_ _ Mask Location ldentification
Input Waveform Mask Ou Mask File anatlnntﬂu""jﬂ";;ﬂ T JPP S — Pacs Mack Test
Vertical Marg?n | I:r»T.:E.ng::E Mask Out i Waveform(s) in I VERIFY :_TLLWavefnrm(E.] out
LEHgth Margln ltemMames error in (no error) Failure Location
error out

output cluster ===
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Avoiding Downtime with CableSense™

CableSense™  "etem

Setting the parameters in the Create and Save

Demonstration Y=

Saving the TDMS file to verify against

Comparing three “test results” versus the proper
mask setup
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Mitigating Synchronization Issues with NI-TCIk

Synchronization in NI Systems

Synchronization in the PXI Express architecture allows one to:

= Match time base & triggering of several instruments for channel expansion purposes
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Mitigating Synchronization Issues with NI-TCIk

Synchronization Methods

There are several methods of synchronization between modules used in NI systems:




Mitigating Synchronization Issues with NI-TCIk

Introduction to NI-TCIk

NI-TCIk is used to:
= Align sample clocks, even when PLLs can't.

= Enable accurate triggering of synchronized devices.




Mitigating Synchronization Issues with NI-TCIk

Using NI-TCIlk API

Although TCIk is a complex technology, using TCIk requires only a few function calls.

» Use Get Session Reference Vis to build an array of references to instruments that require
synchronization.

niScope Get Session Reference.vi
instrument handle

instrument handle out
session reference

[HI-SEAFE)
@l "
b= error out

Error in

= niTClk Configure For Homogeneous Triggers VI configures reference clock and trigger
properties for all the instruments.

= niTClIk Synchronize VI performs the synchronization sequence.
= niTCIk Initiate VI initiates all devices (no need to call each of the instrument initiates individually).
niTClk Configure For

Homogeneous Tagdg8ymemiditite lvitiate . vi
=5
1

= > H@




Mitigating Synchronization Issues with NI-TCIk

NI-TCIk Pros

NI-TClk offers many advantages over the other means of synchronization. Some of those are:
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For more on NI-TCLK,

come back after lunch for the technical session from James Thornton
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Give us your feedback!
Quick 2 Question Survey

= TueMay2s 57 Q < Tue May 23
MAY MAY % Add to Schedule ) ical 9. Check In
22 24

Optimizing Validation Processes: Building H 13
Complex Test Systems with Distributed I/O C I | C k Ta ke th e
Tue May 23 10:15 AM - 11:15 AM

9 Map Meeting Room 19B SeSS Ion S u rvey”

Aerospace & Defense - Technical Session

I N the mo b | |e ap p . 10:15 AM Multichannel RF Data Recording

11:15 AM and Analysis

Clle Into the 9 Meeting Room 19A

& Aerospace & Defense -

SeSS|On you Would Technical Session

. E 10:15 AM Optimizing Validation Processes:
| I ke tO p rOVI d e 11:1; AM Building Complex Test Systems

with Distributed I/O

feed baC k for 9 Meeting Room 19B

@ Aerospace & Defense -
Technical Session

Take Session Survey

In this session, learn to improve efficiency
and reduce non-recurring engineering costs
in validation labs by connecting multiple
distributed line-replaceable unit (LRU) test
systems. Also learn how to abstract LRUs
and construct complex test systems faster
and more efficiently using existing
distributed 1/0 and edge computation
technology.

10:15 AM Panel: Continuous Integration (Cl/
11:15 AM CD)—Don't Leave Home without It

Q9 Meeting Room 12A

& Programming Essentials -
Technical Session

10:15 AM Using Python and TestStand to
11:15 AM Boost Your Test Development

9 Ballroom G

@ Product & Technology +
Technical Session

10:15 AM What Does Left Shifting Test
11:15 AM Mean in the NI Ecosystem?

9 Meeting Room 18A
€ Janspadationadachnical Session
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Helpful Links

Top Ten Things to Consider When Choosing an Oscilloscopeor Digitizer:

https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/top-10-things-to-
consider-when-selecting-a-digitizer-oscilloscop.html

Selecting the Right Probe for Your Application White Paper:

https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/what-are-
oscilloscopes/select-the-right-oscilloscope-probe-for-your-application.html



https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/top-10-things-to-consider-when-selecting-a-digitizer-oscilloscop.html
https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/top-10-things-to-consider-when-selecting-a-digitizer-oscilloscop.html
https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/what-are-oscilloscopes/select-the-right-oscilloscope-probe-for-your-application.html
https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/what-are-oscilloscopes/select-the-right-oscilloscope-probe-for-your-application.html

Helpful Links

CableSense White Paper:

https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/what-are-
oscilloscopes/avoid-test-system-downtime-with-cablesense--technology.html

CableSense Projectto Help You Get Started:

https://forums.ni.com/t5/Example-Code/Utilizing-CableSense-in-a-Test-Environment/ta-
p/3893957

NI-TCIk White Paper:

https://www.ni.com/en-us/shop/pxi/national-instruments-ni-tclk-technology-for-timing-and-
svnchroni.html



https://www.ni.com/en-us/shop/pxi/national-instruments-ni-tclk-technology-for-timing-and-synchroni.html
https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/what-are-oscilloscopes/avoid-test-system-downtime-with-cablesense--technology.html
https://www.ni.com/en-us/shop/electronic-test-instrumentation/oscilloscopes/what-are-oscilloscopes/avoid-test-system-downtime-with-cablesense--technology.html
https://forums.ni.com/t5/Example-Code/Utilizing-CableSense-in-a-Test-Environment/ta-p/3893957
https://forums.ni.com/t5/Example-Code/Utilizing-CableSense-in-a-Test-Environment/ta-p/3893957
https://www.ni.com/en-us/shop/pxi/national-instruments-ni-tclk-technology-for-timing-and-synchroni.html
https://www.ni.com/en-us/shop/pxi/national-instruments-ni-tclk-technology-for-timing-and-synchroni.html

Choosing the Optimal Oscilloscope Probe

NI Oscilloscope [PXle-5105 [PXle-5110 |PXle-5111 |PXle-5113 |PXle-5114 [PXle-5122 |PXle-5160 |PXle-5162 |PXle-5163 |PXle-5164 [PXle-5170 |PXle-5171 |PXle-5172 |PXI-5922
SMB BNC BNC BNC BNC BNC BNC BNC BNC BNC SMA SMA SMB BNC
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Single Ended Passive Probe
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Single-Ended and Differential Active Probes
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Choosing the Optimal Oscilloscope Probe

Rise Time

rule of thumb : t, = %

k ~0.35: BW<1 GHz (typically)
k ~0.45: BW>1 GHz (typically)

90 %

i 2 Z
trsystem _ \/trscope + trprobe
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Choosing the Optimal Oscilloscope Probe

Coax Cable, No Terminations

12dB |’

L 9dBH
Pt " 6dB— VM

—{) 50Q Coax l s 3dB— “
< Imeter > 5ns v 15pF 0dB
@ l 1MQ §_VM e \} U | |

S

Low Z -6dB- U
Source Scope, 1MQ input -9dB- h
Example: -12dB

I llllllll I llllllll I LA
Power Supply 1MHz 10MHz 100MHz 1GHz



Choosing the Optimal Oscilloscope Probe

Coax Cable, No Terminations
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Choosing the Optimal Oscilloscope Probe

Coax Cable, Back Termination o008
-2dB—
_4dB—
-6dB—
ZL -8dB— V
4 -10dB— M
V‘M—? 50Q Coax )} \ .
50Q & imeter > 5ns v —]_15|OF _ | | | |
? I IMe = V), P 0.2GHz 0.4GHz 0.6GHz 0.8GHz
t ) 0.5KQ
Low Z
Source Scope, 1MQ input H n n “ " H
Z\\

UMW
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Choosing the Optimal Oscilloscope Probe

Coax Cable, End-Termination V\/\/\/\/\/\/\/\/\/
ZZL -6dB— \/hﬂ
‘::; -9dB—
50Q Coax } -12dB—

|
1
IuF L imeter > 5ns 4 I N 15dB , | | |
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50Q
=
Low Z 1000
Source Scope, 50Q2 input 750
500 |
250 ZIN
0Q

| | | ]
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Choosing the Optimal Oscilloscope Probe

Coax Cable, End-Termination

Z, Vm

4 6dB
WW—L)  50Q Coax ) T

+
? 1UF 500 & 1meter > 5ns  w ];

t t 50Q _ M -12dB I I I I
0.2GHz 0.4GHz 0.6GHz 0.8GHz

Low Z
Source Scope, 50Q input 1500
1250
1000 |
750—
500— ZHN
250—

00 | | | |
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