Ten Measurements

(you didn't think you could make)
with an Oscilloscope

Instrumentation & Measurement Society
Telephonics
April 17, 2008
Mike Tranchemontagne
Tektronix FAE

1] Tektronix:



Agenda

» Playing the odds with intermittent faults...

» Rolling with the punches...

» Turn down that noise!

» Getting turned on: vertical bits

» Probe magic

» Triggering in 3D

» There’s a secretary in my scope

» One bad bit spoils the whole bunch
» Punctuality is a virtue

» But will it work?
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Playing the odds with intermittent faults

» Let’s say you have a circuit that'’s failing intermittently.

» You need to probe several signals and try to find the problem

— You know what the signals are supposed to look like. But you don't know
which signal is failing. Or what the failure looks like

» You need a scope with fast update rate, and display
persistence, to DISCOVER the problem

» Then you'd like to be able to TRIGGER on the problem.

» Then you can MEASURE the problem.
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DPX Discover Mode: Simple Edge Trigger
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DPX: > 5 billion acquisitions in 7 hours
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Glitch Trigger
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FastFrame
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Real-Time DPO: Unequaled Debug Power

» DPO FastAcq at all real-time Sample
Rates

Powerful, efficient debug capability for
quickly identifying and isolating anomalies

» Captures thousands of acquisitions in
seconds rather than minutes or hours

Identifies rare anomalies or subtle patterns

Waveform Capture Rates >300,000
waveforms/s

Operates simultaneously on all channels

Ideal for debug across multi-lanes of serial
data

Real Time DPO

» Real-time acquisition
» Long record length

» Fast waveform capture
rates

» Intensity & persistence
displays




Rolling with the punches...

» Let’s say you'd like to monitor a power supply, looking for
glitches, sags, drop outs. You'd like to monitor for say,
one second.

» You can use Peak Detect to maintain max sample rate
even at very slow sweep speeds.

» You can use Roll mode to eliminate dead time.

» You can use Template Test to automatically capture,
save, email...
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Peak Detect: 50 GS/s at any sweep speed

File | Edit | “ertical | Horiziden | Trig | Display | Cursors | Meazure | Mask | Math | MyScope | Analyze | Ltities | Help |n
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Peak Detect Samples at 50 GSals

1 Second @ 50 GSals = 50 Billion Samples

F |

Keeps Max/Min pairs at User's Sample Rate
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T3 90.0mV 20.0ns -55.0ns 145ns Single Seq
) 1 acqgs RL:250M
Auto  April 15, 2008 07:59:15




Roll Mode
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Roll Mode Eliminates Dead Time

Peak Detect provides 50 GSis

.
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Template Test

File | Edit | “ertical | Horiz/&cg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilties | Help 'ﬂ
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Template Test Compares Live Waveform to Reference Waveform

Peak Detect provides 50 GSis

Catches Mishehaving Signals
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Auto  April 15, 2008 08:32:02
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Turn down that noise!

» Noise is proportional to kBTr
» The more BW a scope has, the higher the noise

» There is such a thing as foo much BW
» Ultra high performance scopes often have more BW than needed

» Techniques for reducing noise:
— Run self-calibration (SPC)
— Vertical BW Limit (DSP)
— Signal Averaging on repetitive signals
— Hi Res on repetitive or single shot signals
— Math filter function
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BW Limit — per channel

| Edit | “ertical | HorizdAcg | Tri | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utiities | Help |n
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Vertical BW Limiting, per Channel, by DSP

Also flattens amplitude and phase... even to the probe tip
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Magnitude (dB)

True signal fidelity

» Bandwidth Limit Selection » BW Enhancement to the probe tip
— True fidelity with performance — Clean signals, high fidelity with the
scaled to the job best probes available
— Remove unwanted signal content to — Optimize performance for the exact
show actual circuit operation scope/probe/tip

BW Limit Responses

T TS SIS, R\ P
NERENEY \\‘Hl\\l\\ \\{h\
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FIR Filter Function

File | Edit | “ertical | Horizifcg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Anslyze | Utities | Help |n

Factor

16 GHz Analog BW

9 GHz FIR Filter

.
6.

T N T T I ST AT AT BT, NN 1k AN

#&IB 90.0mV/div 500 By:16.0G | |‘ﬂm S 21.6mv [ s.0ns s0.0GsIs 20.0ps/pt
@ 90.0mV 4.0ns Rur Sample

) 45.0mY 800ps -4.0ns 4.0ns 9 451 acgs RL:2.0k
AT 45.0mV 800ps -4.0ns 4.0ns Auto  April 15, 2008 12:29:19
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User-definable FIR filtering

>

Apply your own custom
designed FIR filters

Apply your proprietary Serial
Data deconvolution or
equalization filters

Library of general purpose FIR

filters provided
— Low pass
— High pass
— Band pass
— Band stop
— Smoothing or box car
— Hilbert Transform
— Differentiator
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Getting turned on: vertical bits

» High BW scopes have 8 bits of resolution

» Well actually, some of those bits are noise, especially at higher
frequencies

» ENOB, Effective Number Of Bits

— SNR expressed in bits

— Tested with pure sine waves, over the scope BW
— Table of values: ENOB @ frequency

— DSA70000 series achieves best in class ENOB

» Methods to achieve higher vertical resolution:
— Sweep averaging, on repetitive signals
— Hi Res mode, even on single shot signals
— Vertical Offset and Position
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Hi-Res Acquisition Mode

File | Edit | wertical | HorizfAcg | Trig | Display | Cursors | Messure | Maszk | Math | MyScope | Analyze | Uilities | Help |n

Curs1 X Pos

-70.4ns

Curs2? X Pos

-23.2ns

Hi Res: Averages Even Single Shot Signals

by over-sampling and smoothing to a lower sample rate

3
°
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21.19MHz Auto  April 15, 2008 10:42:14
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Full suite of acquisition modes
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Full suite: basic acquisition tools

» Sample mode — normal oscilloscope operation
— Workhorse for most signals

» Average mode — average multiple acquired waveforms
— Reduce random noise, stabilize measurements

» Envelope mode — show the max/min at each waveform point

— See signal excursions over time

» Hi Res mode — average between sample points
— Uses full sample rate at slower time/div to average-out noise
— Average within each acquisition to reveal signal from noise
— Works on non-repetitive signals
— Acts as bandwidth filter

» Peak Detect mode — keeps max/min at each point
— Find fast glitches even at slow time/div settings
— Maximum time resolution even for slow events

Tektronix:



Full suite: advanced acquisition tools

» Waveform Database mode — 3-d waveform storage

— Database of acquired points over time
» Amplitude vs. Time plus frequency of occurrence information

— Basis for advanced measurements, compliance testing
» Eye diagram measurements

— Rapidly acquires lots of waveform data

» FastAcq mode — super-fast acquisitions with minimum dead time
— Best troubleshooting tool, minimize debugging time
— Quickly reveals infrequently occurring events, states, errors
— Shows dynamic signal changes as they occur

» FastFrame mode — capture multiple trigger events in one record
— Efficient memory use for multiple events with dead time between

— Short rearm time for fast events occurring rapidly
» Repetitive capture of pulses (radar, laser, etc.)
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Probe magic

» If you can’t probe your signal, your scope is useless

» High Performance Scopes need High Performance Probes
— Sometimes the probe is “the tail that wags the dog”

» High BW Scopes are 50 ohm input

— Need an amplifier to use a 10x passive probe (500 MHz)
— Active Probes needed above 500 MHz

» Z-Active Probes are a new class of probes
— Blend of passive 50 ohm probe and Active probe

» Tri-Mode probes make diff and single ended measurements
» The world’s fastest probe: P7520, 20 GHz

— Solder in
— Hand held, with adjustable tips!
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When to use a probe?

» Typically used when a signal needs to be
measured and no SMA or RF connector is
available

» Debug
— Require a quick way to check that signals are present
— Handheld probing offers the best versatility

— Solder tips can be used for a more permanent
connection for troubleshooting

» Validation and Compliance Testing
— Chip to chip buses

— Small solder tips are ideal for attaching to small
features and give a permanent hands free connection g = —
to the signal ) raeroeooctl]

— Fixtured probes can be used when soldering to a board ;
is problematic
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P73xx Z-Active Differential Probe Family

» Z-Active™ architecture
— High bandwidth and fast rise time
—  Flat step response
—  Low loading

» Built for usability

—  Small probe head
—  Switchable Gain for extended dynamic range

» Versatile Tip-Clip™ adapter connections
— Solder-In
— Handheld
—  Fixtured
—  Low Cost-of-Ownership over many connections

P7340A: 4 GHz
P7360A: 6 GHz
P7380A: 8 GHz
P7313: 13 GHz

vV v v Vv
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Z-Active Architecture

Combines Active and Passive Design Elements

To Yield Industry Best Signal Fidelity

Shunt Elements + ASIC Z- Active Input Circuit

: 7 g Ra < 6cm 9
F Transmission Line w ASIC
(extension cable) o %’ 20
Resistive ca Extension
. Pin Cable
Series Elements & tension 2
(extension tip) Tip
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Z-Active Architecture: Low DUT Loading

» Industry’s lowest loading
— High DC resistance like an “active” probe

— High, stable input impedance at high frequencies like a “Z," (passive) probe

Differential Input Impedance

100000 ——
o

N N

\ \
UHERN
N N
10000 - N
P7313 12.5 GHz
\ Differential Probe

- P7350 5 GHz
AN Differential Probe
1000 \ k

//

Impedance (Ohms)

\\ N\ P |
\%
N [ |
/"
100 T T T
1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09 1.00E+10

Frequency (Hz)
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P7313 Connectivity Benefits

» Tip-Clip™ assemblies - An interchangeable probe tip system that enables
customers to configure their probe with the optimal tip for their application.

-- Solder-in Solutions -- Fixtured Solutions -- Handheld Solutions

» Variety of Tip-Clip™ assemblies
—  Application specific
— Can introduce new connectivity solutions without having to redesign the probe.
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Handheld Probing

Handheld Adapter

SIMPLFD REP: BROWSLR

» Used with handheld adapter
» Provides variable spacing
 Provides vertical compliance (spring force) — self-leveling
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TriMode™ Probe Family
P7500 Series

» Performance
— 13 GHz, 16 GHz, 20 GHz

» Connectivity
— Long reach solder tip

— Probing Module for handheld or
fixtured probing

» Usability
— TriMode™ capability
— Quick connect RF connectors

— Convenient indicators and control
of probe settings from the probe

Teklronjx
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TriMode Probing

TriMode, with a single probe-DUT connection, allows:
— Traditional differential measurements: V+ to V-

— Independent single ended measurements on either input
» V+ with respect to ground
» V- with respect to ground

— Direct common mode measurements: (V+) + (V-)/2 with respect to
ground

» Serial Data standards such as PCI Express, Serial ATA, etc require
both differential and maximum permissible common mode voltage
limit measurements. Requires two separate probes --- Until Now!

0-0
= TriMode® access points
m -
E = __I_ ._.I_
L +@ ne With TriMode® probing you can
L R - work in traditional differential mode or
2 choose to include ground(¥) for single

ended and common mode measurements
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TriMode Long Reach Solder Tip

» Solder-in tip has very small geometry tip, allowing multiple tips

to be inserted into DUT in small space
» Long reach cable to access small, confined areas

: [ L
it o T o Dl 2
o _{_ ‘:F—:’
¥ I { a
2 QR
‘e IR YSSBGERP
Fe, CTUMNT

]

.:. _;:.' ,'_L.- L
Yocauid ol 1ot

T o

PRRRRRORRRRENOIRERRRRRLN]

) QO e
VECBOEI!, < 5 YT
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Precision Differential Probing Module

» Access multiple test points in small space
» Probing module can be hand-held or fixtured
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SMA Probes

» Oscilloscope inputs are single-ended, although many serial data
standards are differential

> leferentlal SMA Probes
Convenient differential amplifier
— Acquire 4 differential signals simultaneously on a single oscilloscope

— Easier oscilloscope setup (single channel vs. two channel pseudo-
differential)

— Inputs are skew matched
— Compensated for cable loss

» Ideal for compliance testing

— Simple input structure has better input return loss than
oscilloscopes

— Termination voltage control for standards with non-zero
DC common mode voltages
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P7313SMA — High Performance SMA Probes

» >13 GHz Bandwidth
» Dual SMA inputs to internal 50 ohm precision termination network

» Termination Voltage Control

— Perfect for standards requiring a non-zero termination voltage like
HDMI

—  Vigu range: +3.6V / -2.5V

» Calibrated to the end of the cables
— <1ps skew between matched cables
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Triggering in 3D (volts, time, channels)

» Complex signals call for Advanced Triggers
» The trigger system “separates the wheat from the chaff”

» Triggering can be single shot or repetitive
— And can initiate further processing and measurements

» Simplest case is an edge trigger
— But there are thousands of advanced trigger combinations
— Advanced Trigger User Interface is critical
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HW Triggering: A then B

File | Edit | “ertical | Horizéfeg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analvze | Uities | Help n
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6 Gb/s CJTPAT Trigger: data high > 880 ps, then data low > 800 ps

| &3 90.0mV/div 500 §y:10.06 Dg | & Time 0.0V |( 40.0ns 50.0G81s 20.0ps/pt |
Trig Dly: 3.2ns Rur Sample

E T Tima -3.6mV 88 793 acqgs RL:20.0k

| Auto April 15, 2008

Trigger - A->B Sequence A:Timeout — Trigger After Time —B.Timeout — Acquire

Horizomtal
A only HorgeRtl Paosition

Delay Mode i
) @ T
Al eghion =

A Trigger

T o

1
_:lj‘u”urw Bl'raigger

| -3.6my

Trig After Time  Trig on nth Event

Trigger Delay
(atn vent
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Triggering in 3D (volts, time, channels)

» Search & Mark
— A.K.A. Software Triggers

» Post acquisition waveform processing
— 1 or 2 levels of HW trigger can still be used
— Then Search & Mark does it's magic
— Pick up where HW Triggers run out of performance
» Limited only by digitizer performance
— Can “Stop” the acquisition, i.e. “trigger”
» “3rd Level” of triggering

» Search & Mark can find up to 8 kinds of events
— "“Trigger” on up to 8 events in parallel, on any channels

» Search & Mark finds all events across entire acquisition
— “Trigger” multiple times per sweep
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Search & Mark: “Trigger”

| Math |
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6 Gb/s CJTPAT
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There's a secretary in my scope

» After a “heavy” topic like triggering, we need a breather :~)

» Scopes make complex measurements, and you need to
document your work. The job’s not complete 'til the paper
work is done!

» Let's take a look at some features to help you create your
reports (or PowerPoint slides like these :~)
— On-screen notes and screenshots
— Waveform data and measurements export
— Word and Excel Toolbars
— Report generators
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Export Waveform to CSV file

Save What:

Source
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Excel Toolbar
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One bad bit spoils the whole bunch

» Historically, repetitive eye diagrams and mask testing were the
norm for telecomm and datacomm signals

Years ago this was a purchased option, then became standard feature
Requires clock for triggering, or hardware CR trigger
Relies on statistics, probability to predict link performance

No ability to decompose Random versus Deterministic jitter and noise
» Exception: DSA8200 series with 80A06 and 80SINB...

Still useful for quick analysis: “Like total cholesterol”

» Over the last decade, real time single shot measurements have
emerged as the preferred/required method

Up until recently a purchased option, now standard on DSA70000 series
Measures every bit, shows jitter frequency, Rj/Dj and much more
Can be complex. Prior SW was hard to understand and use.

DPOJET: Jitter and Eye Test
» Fast, Easy, Productive
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ET Eye — Equivalent Time Sampling
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DPOJET

DPOJET provides in depth jitter and eye diagram analysis
EASY to use, EASY to document

Accurately predicts Eye Opening @ BER based on Rj / Dj
Pinpoints Dj frequencies

Highlights bit errors

vV v v v v Vv

Click the link to view report
— DPOJET Report.mht
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DPOJET Summary Plot
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Punctuality is a virtue - TIE

» When it comes to serial digital data, being early is just as
bad as being late. Clock Recovery tracks low frequency
jitter, passes high frequency jitter. Most CR problems are
in the mid frequency range, near the loop BW, typically
data rate/1667.

» TIE, time interval error, measures the data signal with respect
to a reference clock.

» Repetitive/ET Eye solutions use a clock signal to trigger the
scope, and therefore display TIE directly
— Can be a challenge to provide the clock signal

» DPOJET supports six different reference clock techniques.
— Derived from data: Mean, Median, Standard PLL, Custom PLL
— Explicit Clock: Edge, PLL
— Specified Data Rate
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» Jitter Measurements: Period, Cycle to Cycle, TIE

0.0ns 0.990ns 2.000ns 2.980ns 4.000ns
— P, > P, > P, > P, —
P 0.990ns 1.010ns 0.980ns 1.020ns
Cy-Cy 0.020ns -0.030ns 0.040ns
TIE -0.010ns 0.000ns -0.020ns 0.000ns
Period Jitter = 18.3ps StdDv (0.990/1.010/0.980/1.020)  40ps p-p
Cy-Cy Jitter = 36.1ps StdDv (0.020/-0.030/0.040) 70ps p-p
TIE = 9.6ps StdDv (-0.010/0.000/-0.020/0.000) 20ps p-p
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DPOJET — TIE measurement on SSC

» TIE1: Ref Clock = Mean, shows SSC
» TIE2: Ref Clock = PLL, tracks out SSC
» Report: DPOJET Report TIE SSC.mht
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DPOJET — “Trigger” on TIE

» Automatically save worst case waveforms...
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But will it work?

» Compliance testing is important, even if you don’t need the
logo.

» The goal of compliance testing is interoperability
— Across vendor’s products
— Within your own products

» Tektronix offers a large suite of compliance test solutions
— Ethernet
— USB
— PCle
— InfiniiBand
— SATA, SAS
— HDMI, DVI, Display Port
— Etc., etc.

2 Tektronix



In Closing...

» Any Questions?

» Zeke Nesteruk, Tektronix Account Manager
— 631-584-3035
— Zeke.Nesteruk@tek.com

» Mike Tranchemontagne, Tektronix FAE
— 603-888-0017
— michaelt@tek.com

» Demo Instruments: DSA72004, AWG7102

» Thank You!
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