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g Agenda

= We will discuss many methods to view and to find
the source of intermittent signal faults using a wide
variety of techniques
— Persistence mode
— Replay Mode (an advanced use of persistence)
— Parameter Tracks (time domain view of signal instability)
— Histograms (statistical domain view)

— Exclusion Trigger (a way to trigger on a rare signal fault
when you do not know what the fault looks like)

— Something new and interesting for finding rare signal
anomalies (WaveScan)

— Eye Diagrams
— Using Parameter Statistics to Troubleshoot Intermittents



Viewing Signal Instability

(color graded persistence mode)
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' | | look at signal
instability is
persistence mode.
You can acquire
many acquisitions.
The more common
signal shape is red
and the less common
shapes are spread
through the spectrum
toward violet.

In this example you
can clearly see that
at least some of the
pulses also have a
smaller “after pulse”.
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Viewing Signal Instability

(brightness graded persistence mode)

= Advances in Fast
Persistence Technology

— Front panel
Intensity adjustment (you
can set how many “hits”
makes a pixel bright or
red)

— No Sample Rate
reduction In fast

persistence mode (10  Rare runts, glitches, and other signal
GS/s in this example)  abnormalities will be a lighter color — much

— Toggle between like analog oscilloscopes.
Real-Time and Both color and brightness graded
WaveStream (fast persistence can have Very Fast trigger

rates (more than twice as fast as a TDS

persistence) Modes 3000 series DPO).



Viewing Signal Instability

Observing Intermittents Using Replay Mode

= The Replay Mode feature
IS a unique feature Iin the
Wavelet class of scopes
(100-500 MH2z)

* |In Normal or Auto trigger
mode Wavelet captures
runts, glitches, etc

= When the trigger Is
stopped and Replay Mode
IS activated a history of the
waveform is displayed

= The history of acquisitions
can be seen one at a time
by rotating a knob which
flips through the 5
acquisitions




§ Troubleshooting Signal Instability

File ‘edical Timehase Trigger Display Cursors Measure  Math  Analysis  Utiliies  Help The lower trace is
I ' [ - | " trend of the

~ amplitude

~ parameter. In this
.| example, one

“ measurement of

- signal amplitude is
' made for each

- separate acquisition
by the oscilloscope.
The trace at the
bottom has the

information from
' many hundreds of
= _ : acquired pulses.
;:'I:asure P1:ampl{C3 P2--- P3--- P4:--- P&--- PE:--- P7--- Pe--- YOU can try Varying
i e supply voltage,
histo 4 shielding,
_; mehas O (fager @@ Lemperature or other
Bt PRI ELRE | conditions that affect
200 & signal stability. 6
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Troubleshooting Signal Instability

The best way to
characterize the
amount of
instability in a key
signal parameter
IS to use a
histogram of the
parameter.

You can see the
maximum range
of parameter
values, the rms
variation and the
shape of the
distribution.
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o Triggering on Unknown Glitches Using
gl Exclusion Trigger

File ‘“erical Timebase Trigger Display Cursors  Measure  Math  Analysis  Utilities  Help

- il

We start by
determining the
typical pulse width of
this clock. In this
example the mean
width is 996 nsec.

sk gy e

Note we have
—— captured 7,650
e pulses and all of

996.41499 n=

85862 1 them are near the

997.003 ns . .
2 e optimal width.
7 Ga0e+3
v
ehase 0.00 p=QTrigger
200 p=idiv [Mormal 226N
2035 |Edoe Pozitive
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S Triggering on Unknown Glitches Using
g Exclusion Trigger
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We might have no
[ P - - F—- idea what is wrong
with the clock, but if
we tell the scope to
trigger on any clock
pulse less than 980
Nnsec or greater

than 1.02 usec then
_ a— we find there are
Timebaze 0.00 ps g Trigoer .
2.00 psidie | Stop S9E W g||tches_

400ks 20 Gsiz Width Postive

Triqoer Close

Trigger on LBsa Than el N This method is
Edne T | : . E— = i " .
| . R L BRI coilcd “Exclusion

DC | Positive x

| In Range QBLEID?serLim” \ / Trigger at end of a Trlgger” and Can be

- e e e
ey | - e B period, width,
eEEInl (requency, duty

cycle.
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New Technology for Capturing Anomalous
Waveforms (WaveScan)

* In addition to finding intermittents you may also

want to look for rare signal shapes due to
reflections, noise bursts, frequency drift, unstable

power quality or other factors that produce rare
signal events

There is new technology which can isolate rare
events, measure them and provide both
measurements and views

Can act as a “finder” for rare abnormalities in a long
waveform that has already been acquired or as a
“soft trigger” to find/view/measure abnormalities in
Incoming signals in real time mode
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8| Example of Scan Histogram and Scan Overlay
g The WaveScan Menu is located in the pull down for “Analysis”

File ‘“erical Timebase Trigger Display Cursors  Measure Man  Analysis Ut ities  Help

Id= Pulse Width

26.36 ns
26.36 ns
268.235 ns

268.235 ns
268.32 ns
268.33 ns
268.235 ns
268.33 ns
268.32 ns
268.32 ns
268.32 ns
26.230 ns
26.230 ns
268.21 ns
26.230 ns
28.27 ns

[ ey e I T

ZoomicT
100 rrtidiy
5.00 psidiy

10.0 #div ﬂ 100 rmiAdiv
100 psrdiv 5.00 nsidiv
a00 # 499 #

WaveScan 1]

Z1: | Setup...

You can dial up
the rarity of the

sy event from 2
occurrences to
1000 and see a
histogram of those
values. You also
see all the values

Filter Methaod
Rarest events

Mode Sourcel
Measurement ] (]

Filter
| Mvizard 1000

Width
Action an Features Found

Table On | Owerlay On | Histogram Trigger Action

Maone

Measurement

a0.0 psidiv | Stop

S00kS  1.0GSfs [Edoe

113 my
Positive

Close

in the table and
can click on either
the table or the

Wiidth at 80 % level and positive slope
using hysteresis of 22.0 % of ampl

3152006 2:49:45 P

histogram to view
an event.




Finding Intermittents when you do not know

what to trigger on

ile  Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

o fenpite This example
T efindIs rare events
: that are

] B | " nonmonotonic.
- ! - The result is

Z1  zoom(CZ b -17.7 mg [Tri 2100 | . .
160 psidiv 200 psidiv 125MS 250 MS/s)Edge Positive
. WaveScan -

MonKonotonic ‘ Close fau ItS Wh I C h
Enable | X Wode . E:_cnurl::eﬂ 1 Find non monotanicity greater than hysteresis CO u | d n Ot be
_ M "‘J— on edge between high and low levels : .
_, N fouNnd using a
Slope Hysteresis is Division
Both Division 300 mdiv 1
: Action on Features Found ;| él —Il h ardware trl g g e r .

Table On | Owverlay On| Histogram Trigger Action Levels are High percent  Low percent
I - I - - Stop Acquisition | Percent | 90% | 10% |

LeCroy 10/3/2006 7-:48:45 PM
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§ WaveScan can scan live signals for interesting

(or mtermlttent) characteristics

WaveScan can look for nonmontonic edges or interesting values for over 100

parameters by scanning live signals. The Infiniiscan feature on Agilent scopes
does something similar.

In this case we ask the scope to find thg two “rarest” risetimes on each
Incoming waveform. Above the zoom shows an edge with risetime=38.77 nsec
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O] WaveScan can scan live signals for interesting
g characteristics

The same waveform as the previous slide but now we have
selected the waveform with risetime = 116.26 nsec using the
table in the upper left.
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Finding Specification Violations

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

S In this example we

b |||||-!}-H||” ||||| |||||||||||||||| :.seeazoomofa

Idx
¢

! single rare event
found by
o WaveScan. The

%(- user asked the
T scope to stop

inm -mi weemem \When it found a
5.00 msidivl Stop ‘I.'{E_r‘u'
125MS 250 MS/s)Edge  Positive rare measurement

X1= -19.48400 ps _ _
of a risetime that
= s L |was greater than
Enable | Mode Source Filter Method Filter a”OWEd by
Measurement | C2 | Greaterthan | Wizard Ir i . .
U — specification.

(]~ Measurement _
N Rise | 40.000000e-9

_ _ : Action on Features Found
Table On | Owverlay On | Histogram Trigger Action

. [ | . _ Stop Acquisition

71 z00m(CZ
1.00 Vidiv|
200 nsidiv

4 =

WawveScan

104372006 6:57:13 PM
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§' Finding Specification Violations

File

WaveScan identifies and
highlights six switching
cycles with instantaneous
frequencies outside the
allowed specification. A
zoom of one of the
anomalous cyclesis
automatically highlighted
in the lower grid.

Yertical Timehase

Il Frequency

65 99067 kHz
66.12579 kHz
66.11035 kHz
6599194 kHz
66.09866 kHz

6E.09474 kH=

WWaveScan

Trigoer

Display  Cursors

Measure

hath  Analysis

Enable

Mode
hMeasurement ]

Sourcel
1

| Outside limit + delta

Filter
izard

Measurement

Hz Freq@@lievel |

Tahle

Crerlay

Histagram

Filter Limit
BE.044390 kH

Delta
50.000000 Hz |

Action on Features Found

Zoom ‘

Trigoer Action
Save Waveformiis) ]

Litilities  Help

2.80 MS FPositive

Close

5.0 G5/s |Edge

Freqlv

Fregquency of each full cycle at
zpecified slope and level.

] Find level

Input is
| clack

FPercent level
| 0%

Level is
Percent

Slope
Pos

Hysteresis
| 500 mdiv

172007 5:48:18 A




File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

ld= Rise Time

1 61.9 ns Engine

5 i | o2 IDataanEa.IDat&auxﬁh. CRC=0x3cc?

Measure P1:rise@iv(F1)

value 61.1 ns

mean 56.966 ns WaveScan has been enabled to capture the 2 rarest risetime values from each
min 51.1ns acquisition. Of the 5,312 measurements accumulated in the measurement
rmax 71.7ns histicon, WaveScan has identified 746 transitions which met the user-defined
sdev 2.054 ns measurement criteriafor “rare” edge transitions.  Only the rare values have
num 5.312e+3 been logged into the red histogram. All values are shown in the green
status v “histicon” in the lower left.

histo A =
Z1  zoom{F1) CAN bus

Timebase 312 psf Tr CENENINCIE
290 m\idiv 290 mvidi 2.00 #/div 100 ps/div | Stop 200V
63 psidiv 50.0 nsidiv 5.00 ns/div 100kS 100MSis Edge Negative

746 %

31812007 10:42:31 PM




File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

ldx Amplitude
: 954 mv
928 my
941 mv
915 my
934 mv
973 my

WaveScan has identified
anon-monotonicity in

the edge transition on Z1
this Serial Peripheral

Interface signal

PN s, a0 A iAo e g e

s,
f' MMW“WWMWM
&

'21 Z00m{C2; ] m Trigger
165 mvidiv 100 psidiv [Stop ~ -254 mV
'l 63 nsfdiv Serial Data Example 1.00MS 1.0GS/s Edge Positive

WaveScan <l NonMonotonic ‘ Close

Enable | IEECIZCHEEN  Sourcet

Non Monotonic | | C2 Find non monotonicity greater than hysteresis

on edge between high and low levels :

Slope Hysteresis is Division

Pos | Division |  1.0div

Action on Features Found
Tahle Overlay Histograrn ' Trigger Action Levels are High percent Low percent

e | Stop Acquisition | Percent | 90% | 10%
ot 3182007 11:40:28 PM




File Verical Timebase Trigger Display Cursors Measure WMath Analysis  Utilities Help

Idx Frequency

86.87 MHz
66.75 MHz
66.73 MHz
66.72 MHz
66.72 MHz
67.58 MHz
66.85 MH=z
66.70 MH=z
66.77 MHz
66.85 MHz
66.75 MHz
66.81 MHz
66.71 MHz
66.85 MH=z
66.71 MHz
66.76 MHz

L e e N~ N~ B N B

P1:freq(F3)
66.18 MHz
66.0023 MHz

WaveScan identifies and
highlights sixteen cycles
&4.55 MHz . .
il ey with instantaneous
3645 kHz frequencies outside of the
1.319e+3 frequency stability region as
the PLL beginsto loseits
‘ lock. A zoom of one of the
zoom(F3) anomalous cyclesis
automatically highlighted in
red in the lower grid

2000 nsidiv

WaveScan

Enable Mode Source Filter Method
r-.-1easurernent] F3 ] Greater than

66. 70000 MHz

Action on Features Found
Trigger Action

Stop Acquisition

Measurement
Hz Frequency

Table Cwverlay

Histogram Zoom ‘

| |

PLL Example

Timebase 0.0 psQTrigger
10.0psidiv | Stop 0.0 mV
2.00 M5 20 55/ |[Edge Positive

Frequency Close

Basic frequency at 50% level and positive
=lope.
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8 Using Eye Diagrams to Find Jitter Problems
g Traditional Eye Pattern Testing

File “ettical Timebase Trigger Display  Cursors  Measure Math  Analysis  Ltilities  Help

el Jrt '#.""“‘""""r I
[r + o F 55 T o

You see errors. = S ——

o You figure out what is causing the errors sl Sl
40.0 pzidiv . SO0 k= 10 =iz |Edge Pozitive

1532485 k# . .
In this case, some falling edges are too slow. T
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gl Mask Failure Locator

lay  Cumgors  Measume  Math Analysis  LHiBes Halp

BTSN Rt T R T T SATHET S S Wiy g AT S e e s A R o P el i S o T A R g R T B R ¢ T o s T e s e
R e : il e

Mast "tg%'*-a;]we'|wahs | _ are correlated:: "
CaLlZeRsDy: IISQ Itc with data.stream. ::: , .

m

Fl

e R e
AT, T
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Simple edge trigger

No frame syncrequired

Captures all bits in a single record
- Zooms specific bits where violation occurred

Bignod spocii !

50083 | 5003 |
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§
File  Verical

Ey ¢ EXETE

Timehase

Trigger

Display Cursors

Measure

Math  Analysis

_.-"'-u"‘-'ﬁ""-n""'ﬁ'-' gy PPl P

et 'Z

"'-""‘C-' - .lr‘;-r__..-.‘

B e P

SOU0 mv el IEM data

Sarial Date Analysis

Eye Mode
Sequential

Eve Persistence
Monochrome

__UserSignal |

c1

758 pekiy |
Mask Test
Mask Margin
K
30 %

it
30%

n Vartical
Auto it

availake

Measurament s

Clock Setup
Slope

Positive

Threshold type
Fercent '

Percent level
al %

Testing
! - Show
n
| Al
Hsmp On | 4
Ermor | 50De-3

Show| 1
ELl:n cation| 500e-3

Liilities

Help

M Failures
100

Bits in Locator

20

Eve

| Close

Failures

ALE5/2003 101816 P

Troubleshooting Eye Diagram Failures Using
Other Signals to Examine Possible Causes

The yellow signal at
the bottom is from
anther channel of
the scope. You can
see if a failure
point is coincident
with cross talk,
with power supply
noise or some
other trouble
source.

This can be a very
useful technique
for troubleshooting
the source of signal
integrity failures in
serial data signals.

This feature is

unique to LeCroy.
22




§' Using Parameters Statistics to Troubleshoot

Intermlttent Slgnal Characteristics

LeCroy 3120

This string of pulses looks like they have minor variations in
widths. But the statistics say there are three orders of magnitude.

Max = 239 usec
Min = 164 nsec



oing to a Faster Timebase

3 Fy

Measure P1width{C1 P2rise(C1) P3fall{C1) Pd:ampliC1) PE:maxiC1) PE:min{C1) PT:rms(C1) PEmin(C1) PErms{C1)
value

mean 160.5986011 us

min 164 454 ns

L 239872257 us

sdev T9.67006221 ps

] 333

status v

histo

Polarity

Positive

P10 - - P11 P12

200 ps/divi Normal 258V

10.0MS 500 GSis| Glitch

7/23/2008 10:35:17 AM
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