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» EMC measurement requirements

= How thresholds affect pulse measurement
definitions and why standard pulse parameters will
not work for EMC pulses

* Measurement thresholds for ESD pulses

= Sequenced acquisition for EFT (Electrical Fast
Transient) pulses

= Parameter limiters applied to filter EMC pulse
statistics

= Custom measurements



EMC
Measurement
Requirements



§| 4 Quadrants of EMC/ESD Testing
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Radiated Emissions

Will the EUT create
emissions that interfere
with the operation of other
products?

Conducted Emissions

How much noise voltage
IS injected back into the
mains by the EUT?

Radiated Immunity

Will the EUT be
susceptible to emissions
from other devices, either
through the air or via
cables?

Conducted

Immunity

Will the EUT be
susceptible to transients
generated by switching of
capacitive or inductive
components?

EUT = Equipment Under Test

= Oscilloscopes used
for
— Radiated Immunity
— Conducted
Immunity
= "Pulsed EMI tests:

— ESD (Electrostatic
Discharge)

— EFT (Electrical Fast
Transient)

— Surge
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Test Requirements
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= Generate a Burst, Surge, or ESD
pulse (for example, with an ESD gun)

= Verify the pulse shape(s) from the
generator with an oscilloscope
before each test
— Rise Time
— Fall Time
—  Width

= Ensure that the DUT still operates
correctly during test, for example:

— Automotive engine control unit still
transmits proper messages

- Telecom board Serial data messages Measure ' PW:ma;;((’;ZJ PZrlse@le(CZ) PS:M@i(CTZJ Pd:\w@?(u(?&
are uncorrupted ‘ ’ ’

— Consumer electronics item still
functions

= ESD Standards:

— |EC 61000-4, EN 61000-4, ITU, UL,
FCC, Telcordia, ANSI, Bellcore,
Proprietary (Military, Automotive), etc.

— The majority of Immunity Testing
follows the IEC 61000 (CE Mark)




ESD Testing — Electrostatic Discharge

3| Measurement Steps

= Pulse Characteristics
— T,e=0.7101.0ns
— Ti5=0.7t0 1.0 ns

= Measurement Needs
— Capture a Single Pulse

— Measure one pulse,
verify rise time for
positive pulses, verify
fall time for negative
pulses

— 1 GHz, 2 GHz, or 3
GHz+ scope depending
on standard
specification

Measure FimaCZ  Plise@C2) PIME(C2) PAMEHCD) P4 - - P --
yalle 436V 841 s i 106y
ctatug v v v v

imehase -40.0ng T
100 nafdivi Mormal 21,88 Y

A008  a0GSs|Edge  Paositi

How is risetime defined on this ESD pulse?
10%-90% risetime is only meaningful if 0%
and 100% levels exist and have been
defined on the pulse.




Pulse
Measurement
Definitions



§| IEEE Standard Pulse Definitions
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How Oscilloscopes Measure Pulse Parameters
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Oscilloscopes determine pulse parameters from Top and Base values
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IEEE Pulse Definitions

How Pulse Measurements Are Determined

Pulse measurement definitions are
defined by the IEEE Std 181-2003
"IEEE standard on transitions, pulses,
and related waveforms"

Oscilloscopes conform to the IEEE
pulse measurement definitions, and
Top and Base are determined
statistically based on the two modes of
a voltage level histogram.

Top and Base form the 100% and 0%
reference levels which are used for
measurements such as amplitude,
risetime, falltime, period, frequency,
width, duty cycle, overshoot, and
virtually every timing measurement.

Top and Base must first be calculated
correctly in order for timing and
amplitude measurements to produce
the correct measurement result.

top
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Clock Top and Base correctly determined from voltage histogram

LeCroy

Two main modes emerge from
the voltage level histogram,
identifying the steady state
values of Top and Base




ESD Top and Base are not meaningful for pulse measurements

What happens when standard pulse
parameters are applied to an ESD waveform?

A voltage level histogram of this
ESD pulse does not result in the
identification of two main modes.
Standard pulse parameters will not
be meaningful in this case.




ESD Top and Base are not meaningful for pulse measurements

With Top (100%) and Base (0%) identified in
the following locations, the 10%-90% risetime
measurement will only encompass a very small
portion of the total ESD pulse rising edge




§ EMC Risetime Definitions use 0% and Max

An oscilloscope must use 0% and Max thresholds in order to

perform the EMC-specific measurement

Differing from IEEE pulse definitions,
EMC pulse definitions (for example

max = 100%

rise@lv

10%
GND = Pad el

= 0%

the IEC 61000-4-2 standard) use 0%
and Mayx, instead of Top and Base to
calculate 10%-90% risetime

i A

H.I."...-.h"--."'-'--"'-"'------...

EMC pulse measurements now require the use of thresholds set to
0% and Max, (where Max is the peak voltage level of the waveform),
instead of Top and Base, to meet the measurement specification.
Within the past few years, modern oscilloscopes have begun to allow
for EMC pulse parameter measurements using threshold settings of
peak-to-peak, 0% to Max, and 0% to Min along with the standard
absolute or percent levels.




Risetime calculated using standard IEEE pulse parameter definitions

File Verical Timebase

Trigger Display Cursors Measure Math Analysis

P rise@lv(M1)
484 ps

v

P3 - P& P7

Utilities

Measure | P1 P2
On
Type
measure on
waveforms
+ - math on
* =  parameters

Measure
Rise@level

Source

LI

Summary
rise@viM1)
Help
Markers
Detailed |

Actions for P1

e

Always On

e

Trend l Track

Histogram

Help

Risetime is incorrectly calculated as 494
picoseconds on this ESD pulse. Note
the risetime detailed marker location.

0.0 mv
Positive

Close

Slewr Rate for % or absolute
levelz of rizing or faling edges.

Fercent

Set Levels to
20% and 80%

O n=QiTrigger
50.0ns/div | Stop
10 GSis |[Edge

Rize at level Gate Accept

High percent
a0 %

Low percent

Set Levels to
10 %

10% and 90%

11272005 7:21:02 PM




Rise

1imortismsl

Timebase

Trigger Display Cursors Measure Math  Analysis

P rise@iv({M1}
054 ps

bl

P3 P& Fr

Utilities

Measure | P1 P2

measure an

-

t waveforms
+ — math on
#* = parameters

advanced

Measure
Rise@level

Source

LA

sSummary
rise@viM1)
Help
Markers
Detailed |

Actions for P1

il

Always On

=

Trend Track

Histogram

Help

time calculated using EMC thresholds

Risetime is correctly calculated as

854 picoseconds on this ESD pulse

Rise at level

Gate

0.0 mv
Positive

Close

Trigaer
50.0ns/div | Stop
10 G5is |[Edge

Accept

Mk
EEND

Slew Rate for % or ab=olute
levelz of rizing or faling edges.

| % 0-Max \

High percent
a0 %

Set Levels to
10% and 90%

Low percent

Set Levels to
10 %

20% and 20%

11272005 720005 PM




A Surge pulse does not have a clearly-defined Top and Base

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

The pulse characteristics of a surge pulse do not conform to
the IEEE pulse parameter definitions, because the surge does
not have high and low steady-state values. After a fast linear
rise to a sharp peak, the waveform then exponentially decays
toward, but does not quickly reach, an asymptote. With no
steady-state values, the surge will produce indeterminate Top
and Base values. Because Top and Base must be determined
in order to calculate the thresholds used for risetime, falltime,
and pulse width, the measurements therefore become invalid
when using traditional oscilloscope pulse parameters.

A
Measure P1:rise@(C1) PZrfall@h{C1)
value 885.473ns 45764833 ps
status v v
C1
- 50.0 Vidiv
-124 00V




Standard and EMC thresholds for ESD pulse width

SR T I 1 O 10T = s |11 F U e (O B EEE| T he pulse width and risetime are measured, both with and without EMC
thresholds applied. In parameter 1 (P1), the thresholds are set to 0% - Max,
and the pulse width is measured correctly as 2.109 nanoseconds. In
parameter 2 (P2), the thresholds are set to the standard scope threshold of
50% of Top and Base. In this case, the measurement is incorrectly reported
as 50.348 nanoseconds -- an error of 2287%. The width measurement
was impacted so significantly, that the 50% threshold between Top and
Base actually produced a width measurement on the wrong pulse shape.
Parameter 3 (P3) is set to the correct EMC threshold of 0% to Max,
producing a correct electrostatic pulse risetime measurement of 833
picoseconds. Notice that in parameter 4 (P4), the standard risetime is
incorrectly reported as 873 picoseconds. When using standard pulse
parameter measurements, erroneous values can be obtained.

A

P1:wid@Iv(M1) | P2Z:wid@iv(M1)

50.348 ns

M1

~fu

i

Measure etund lrssiuid Rt LI Use of standard pulse thresholds produced

status i v v . a 2287% measurement error on this ESD
pulse. Note the threshold indicated in the

width@level parameter marker for each.




8 EFT Testing — Electrical Fast Transient

3 Measurement Steps

= Pulse Characteristics STANDARD EFT WAVEFORM
— Trise — Bns Each Pulse in the Burst
— T, =50ns
— Burst of many 5x50 0%
pulses o)
= Measurement Needs < Soraee 2 50—

— Capture 2ms of burst e
— Measure one pulse,

verify shape (rise, fall,

width)

— Measure burst frequency
(10-100 kHz)

— Measure Capture time of
burst packet (2ms)

— Measure burst packet
rate (300ms)




EFT Testing — Electrical Fast Transient

Measurement Statistics

File “erical Timebase Trigoer Display Cursors  Measure Litilities

mMath Analysis Help

Pz | Setup..

I R NPT s L
e .

{.
Measure

wallle
mean
min

I E:v
sdey
num
status

F1 Z0am

P1rise@hF 1) P2owidi@iviF1)
B.65 hs 42458 ns
B.3283 ns 43.9898 ns
A8.67 ns 41,49 ns

2.04 ns 42.20 ns

4231 ps 12721 ns

200 revdrdive
-450.0 mY

All-instance measurements characterizes all
76 risetimes and pulse widths in this EFT
burst. EFT bursts can be batch processed to
determine EFT pulse characteristics, burst
frequency, and packet rate (shown next).

Thase A amsegTridoer
2.80 ms/div |Stop 268 mi
1.0 GSrs |[Edge Foszitive

112005 1:43:06 AM

24.0MS



Maximizing Acquisition Memory for Events

File “ertical Timebase Trigoer Display Cursors Measure  Math Analesis  Litilities  Help 2| Setup.

Event occupies 1% of acquisition time

Empty space

100 m* il
-264.0 my

Empty space

e o T

100 ns/div

364 m
20 Gz | |Edge Positive

12712004 9:01:58 PM




Maximizing Acquisition Memory for Events

File “ertical Timebase Trigoer Display Cursors Measure  Math Analesis  Litilities  Help 2| Setup.

Event occupies 10% of acquisition time

Empty space Empty space

10 ns/div

100 mvidiv ta 364 m
-264 0 ms J 20 Gz | |Edge Positive

12712004 9:02:05 PM




Maximizing Acquisition Memory for Events

File “erical Timebase Trigger Display Cursors  Measure  hlath  Analysis  Utilities Help 2| Setup..

Event optimized for acquisition time

Timehaze -1.74 n= [ElE L=
100 m* i 1.00 nzidiv | | Auta 364 mk
-264 .0 m* 20 E5is | | Edge Positive

121712004 9:03:02 PM




Maximizing Acquisition Memory for Events

File “erical Timebase Trigger Display Cursors  Measure  hlath  Analysis  Utilities Help 2| Setup..

optimizing acquisition memory, and
displayed without empty spaces

100 midise i SE4 mY
=264 0 ms 20 GSis Pozitive

Diizplay Perziztence Manitar | Close

Auto Single Dual Guad Grid Trace Sequence

l 3 I l Grid Intensity Line  Paints .
40 % | . |i Mosaic

' HEingle  Ey¥Dual

m Grid an Top Mum Sen Displayed
10 B2 B2 | g |
Axis Labels Starting at
[ | |

121712004 9:03:51 PM




Maximizing Acquisition Memory for Events

File “erical Timebase Trigger Display Cursors  Measure  hlath  Analysis  Utilities Help 2| Setup..

LSTN T N N N N NS N N N N
N N N N NN TN N
o e AN AN N SN AN A osaic of events is acquired while

optimizing acquisition memory, and
displayed without empty spaces

LN TN TN T N TN NN TN between events

100 il Seo 80 100ns Stop 364 my
264 0 mi 2005 20 GSis Pasitive

A couizition Trigoer time [0y I ' F1..F4 F5. F& W b1 . hdd Cthers | Close

Time of Time . .
Individual timestamps for each event
listed with segment acquisition time
- and intersegment time. This will
automatically measure the EFT
1) 17-Dec-2004 21 burst packet rate.
2) 17-Dec-2004 21: 4.559 ys 4.559 ys
3) 17-Dec-2004 21: 8611 ps 4.052 ps
4) 17-Dec-2004 21: 13.676 ps 5.065 s
5) 17-Dec-2004 21: 19.248 ps 5672 us
B) 17-Dec-2004 21: 23.807 ps 4,559 ys
7) 17-Dec-2004 21: 28.365 ps 4,559 ys
8) 17-Dec-2004 21: 32.417 ps 4.052 ps
9 17-Dec-2004 21: 37.482 ps 5.065 s
17-Dec-2004 21: 43.054 ps 5672 us

Sen : Time : since Segment 1 hetween Segment

121712004 9:07:338 PM




zing Acquisition Memory for Events

LeCroy
=
Q
X,
3

File “ertical Timebase Trigoer Display Cursors Measure  Math Analysis  Litilities  Help

Mosaic of events is acquired while
optimizing acquisition memory, and
displayed without empty spaces
between events

17

i

]:Ij:j I

Sor0T ]

A3 rer
— 7] jj’] :l

|

D50 ][1]] 35 Nz g Trig
200 m i Seq 20000 366 m*
-F00.0 mh s00 s S00 MSrs |Edoge Positive

Acouizition Trigoer time C1..C4 F1. F4 F5. F&a WY b1 . g Cthers Close

Tirme of Tirme Show Status For

- Sen : Time : since Segment 1 hetween Segment 19’876th event selected
I

19876 17-Dec-2004 21: 102.089102 ms 2.999 ps
19877 17-Dec-2004 21: 102.094101 ms 5.000 ps
19878} 17-Dec-2004 21: 102100102 ms B.000 ps
19879 17-Dec-2004 21: 102105102 ms 5.001 ps Selec F5..F8
198380} 17-Dec-2004 21: 102109102 ms 2.999 ps
19881} 17-Dec-2004 21: 102114102 ms 5.000 ps M1 M4
19882} 17-Dec-2004 21: 102120102 ms B.000 ps
19883} 17-Dec-2004 21: 102125102 ms 5.001 ps
198584 17-Dec-2004 21: 102129102 ms 2.999 ps
19885 17-Dec-2004 21: 102134102 ms 5.000 ps

C1..C4

121712004 9:11:46 PM




Sequence Waterfall shows anomaly

File “ertical Timebase Trigoer Display  Cursors Measure  dMath Analysis  Liilities  Help F3:| Setup..

Waterfall of separate, consecutive events
shows anomalous waveform activity

1 (D0 [1]] Timehase [il¥
100 rmidi Seq. 80 1.00n= | Stop 220
2790 m a0.05 5.0 G8/s |Edge Fositive

1102272005 4:09:18 AM




Sequence Perspective shows contour of acquired pulses

File “ertical Timebase Trigoer Display Cursors Measure  Math Analesis  Litilities  Help 2| Setup.

Perspective of separate, consecutive
events shows anomlous waveform activity

EEN Timebaze -534.2 nz|f Trigger
200 msidiv 100 n= |Stop SEG mYy
-33000 ms J 20 GEiz |Edge Positive

12712004 91552 P




EFT Testing — Electrical Fast Transient
Sequence Mode and Octal Grid

File Vertical Timebase Trigger Display Cursors WMeasure Math Analysis  Utilities Help znnm|u.':f';.°

- Zoom of
Sequenced EFT burst
M1 acquisition of 5 Wi

EFT bursts

EFT burst

Zoom of one Zoom of one
EFT pulse EFT pulse

Zoom of one
EFT pulse
F3 seg{Mi__|F& zoom(Z4 Z1 zoom(F3) £3 zoom(F3) M1 EseqTimebase  -4.54 psfTrigoer
200 mv 200 dB 200 mV 200 mv 156 mV 148 mV 201 mv 1.00ps/div | Stop 1.440 W
1.00 ps 500 Hz 500 ns 1.00 ps 140 ps 51 ps 28580ms (200 kS 20 GS/s |[Edge Positive

412312008 2:53:55 AM




Parameter limiting technique for ESD width measurement

File Vertical Timebase Trigger Display Cursors Measure Math Analysis  Ultilities Help

Because EMC pulses often have pulse perturbations on
the falling edge of the pulse, these can result in false
measurement readings when using standard
parameters. For example, if the falling edge had
ringing oscillations which repeatedly crossed the
- threshold, then multiple false width readings would be
Pliop(z1)  F2basez1) |P3wid@vznl[P4P Limiter(P3] possible. For this reason, a measurement filtering
693 mV 13 mv 4.901 ns GELEI capability which can limit the number of pulses the
it B ecain| BEGA lll sCope measures in an acquisition is needed. This
693 mv 13 mV 7473 ns ICELEl measurement filtering capability, now available on

> ) 1286574 " p modern scopes, allows for pulse-like perturbations on

v v v .l the falling edge of a pulse to be ignored and excluded
from the measurement results. Parameter statistics
could be accumulated on the first pulse in conjunction
with parameter limiting subsequent perturbations.

P1 3 P& Fr

Source Math Operator

P3 mETE Used as a "fitter” to limit the number of
Type Q m] values passed through to the output.

f}(f. measure on
e waveforms summary
P Limiter(P3) 1

math an
parameters Actions for P4 Help

@amanced b | | RHHH

web edit Histogram | Trend Track

412212008 1:18:00 AM




§ Inline Custom Measurement

File ‘erical Timehbase Trigoger Display  Cursors Measure  Math Analysis Utilities Help F'2:|Eetup...

Custom EMC
measurements can
be user-defined

Custom MATLAB
parameter finds the time
Measure P1:soript(F1 ) P2matiabiF1 £2) elapsed for half-life of the
value 19 mh 3.1449 damped S|ne

MESN 31947 my 315093
T 17 m 3.140

mx 822 m gl The value 3.149 is the

ey S0E pv 5.83e-3

num 145 LI number of cycles that
status
have occurred when the
signal reaches 50% — I
SCritiC2) g . Titnehaze Trigcer Sincile
50.0 miidiv of its peak amplitude S00nsiiv DC C1 00my

41 5 nz/fdiv 500 k= 10 G=fz |Edge Pozitive
188 my ¥l=_237Ens A¥= 307ns
94 mi
¥2= 2069 nz 1/AK= 32.6 MHz

FA2542002 31235 AM

hizto




Real-Time Modification of Custom Measurement

File “edical Timehase Trigger Display  Cursors dWeasure  Math Analvsis  LHilities  Help P2 | Setup..

I
T\/\NV\/\/\N\/\W Real-time modification of custom algorithm §

I

' I

Measure Flscript(F1) P2matiab(Fing A T1 AB Editor

value G20 mY 3144
mean 51947 mY 3153547
min T my 3149
e g22mv 3158
soley a0 pv 4 95e-3
ML 150

status

MatLabhCod MATLAB Code

end
SCript(C2]
S0.0 mi idiv
41 .5 nzidiv
188 mY

94 mh

MatLab Fe: MATLAB Fesponse
hMeszUre P1 P2 P3 -

22 Tidefined function or wariable 'x'.

Faramnout

N Ff':”-'rcm 1 L Error in === LC:\Mi AREp 1l work, TimeDec
: Onn line 7 =

Measurement Type Source?

1
N TESSUre O L

S waverorms Actions far P2 Load Code SRS 02
+ - | math on [
2= ararmeters _,:dj]]h._ |_
: Hiztogram { Clase

FA20/2002 2:14:28 AM




EMC R

File  Werical Timebase Trioger

d ]

Fy

Measure tr 10%-90%
value 1.819ns
status v

Cursors  Measure  hMath  Analysis  Lilities  Help

Custom risetime measurement was
implemented on an oscilloscope
before EMC measurement
packages were designed

isetime Custom Definition

Timehaze 0 nz | Trigeer
S0.0 naXdiv [Stop 0.0 m4
5.00 k= 10 GSrz |Edge Pozitive

34942004 5:42:10 AM




§| Summary

= EMC/ESD test specifications require verification of rise
times, fall times, pulse widths and pulse shapes

= Standard oscilloscope pulse parameter measurements are
based on IEEE pulse definitions

= EMC engineers use different pulse definitions which
oscilloscopes are not designed to use

* Non-standard measurement setups are required to perform
accurate pulse parameter measurements of electrostatic
discharge, electrical fast transients, and surges.

= Selecting the correct measurement threshold can make a
significant difference in the measurement accuracy of these
signals.



Reference Slides



§| Transient Testing (Automotive)

= Pulse Characteristics
— Capacitive load dump

— Inductive kickback/spike
(back EMF from motor
turn off)

= Measurement Needs

— Capture Time — longer
the better:
» Relay bounce (us to ms)
* Transient time
— us (motor)
— ns (FET switch)

 Measure 50-100 MHz
transient

* 10s capture = 2Mpts at
100 MHz Sample Rate

i)

time = 10s



§| Dropout and Interrupt Testing

= Monitor AC or DC
voltage line with
oscilloscope during
EMC testing

= Verify that dropout or
interrupt occurred,
and that device
under test was
unaffected




§| Surge Testing

3

= Pulse Characteristics
— T, = typically 1.210 10

us
o TfaII = ’[ypically 20 to |
10,000us

= Measurement Needs
— Capture a Single Pulse

— Measure one pulse,
verify rise and fall time



File Verical Timebase Trigger Display Cursors Measure Math Analysis Ultilities Help P1: ‘ Setup...
I
e R Standard scope measurements revert to
| peak-to-peak if Top and Base are not found.
| (Compare risetime value below to risetime
| rise@v | value in next slide.)
I
I
I
R R R L R R L R R R R R R R SR R
= 1
Measure P1 rise@lv(M1)
value 896 ps
status R
Timebase 0 nsyiTrigger
50.0 ns/div | Stop 0.0 mv
500 kS 10 GSi= |Edge Positive
Measure P1 P2 P3 P4 Ps Ps PT P3 Rize at level Gate Accept | Close
on : Source Measure Slew Rate for % or absolute
Type M1 | Rise@level ] levels of rising or faling edges.
B8l measure on High percent
t waveforms Summary TR 90 9% ]
+ -  math on rise@iviM1)
* = parameters | Actions for P1 Help | x Bt el
EII%D advanced n] |,_.-——-—-—-h Markers  Always On EL;’:{E to SﬂLﬁ;&gﬁ 10 % ]
[ weD edit Histogram | Trend Track  Detailed |

112712005 7:21:37 PM




File Verical Timebase Trigger Display Cursors Measure Math Analysis Ultilities Help
I
R I Standard scope measurements revert to
| peak-to-peak if Top and Base are not found.
| | (Compare risetime value below to risetime
| IEREM . value in previous slide.)
I
I
I
m-I ---------------------------------------------------------------- ]
I
A I
Measure P1 rise@lv(M1}
value 854 ps
status v
Timebase 0 nsyiTrigger
50.0 ns/div | Stop 0.0 mv
500 kS 10 G3fs |Edge Positive
Measure P1 P2 P3 P4 Ps Ps PT P3 Rize at level Gate Accept | Close
on : Source Measure M Slew Rate for % or absolute
Type M1 | Rise@level ] 7@5:: levels of rising or faling edges.
B8l measure on High percent
t waveforms Summary B, O-Max 90 9% ]
+ -  math on rise@iviM1)
*=  parameters | Actions for P4 Help A
EIIE}D advanced il |d_,____\_h Markers  Always On JELMEIEI:[:; f{}";—;ﬁm 10 % ]
I =R Histogram | Trend | Track  Detailed |

112712005 72212 PM




File Verical Timebase Trigger Display Cursors Measure Math Analysis Ultilities Help P1:‘ Setup...

|
Effect of thresholds on the Width |
measurement of this ESD pulse &

|

M1 f i

&
Measure P1wid@iv(M1)
value 13.246 ns
status W

Timebase 0 nsyl Trigger
50.0nsidiv | Stop 0.0 mV
500 k3 10 G5/ |Edge Positive

Measure ‘ P3 PT P3 Width at Level Gate Accept | Close
Time between two tranzitions of opposite lope at a
on \ M?UUWE‘I [il % Wi ;:saslurel ] specified level. (Slope specified for 1=t transition)
Type e Dt Fercent level
pal measure on %% 0-Max 50 % ] EREE S
t waveforms Summary
e wid@Mv(M1) PDEE"UDE |
parameters Actions for P1 Help
advanced n] —— Markers  Always On Hyst. Type Hysteresis
‘ web edit Il'iﬂﬂilﬂll IIW Ftl:ll@id Detailed ] Divisions ] 500 mdiv ]

1112712005 7:24:06 PM




File Verical Timebase Trigger Display Cursors Measure Math Analysis Ultilities Help P1:‘ Setup...

Effect of thresholds on the Width
measurement of this ESD pulse

Fy
Measure P1wid@iv({M1)
value 23.084 ns
status w

Timebase 0 nsyl Trigger
50.0nsidiv | Stop 0.0 mV
500 k3 10 G5/ |Edge Positive

Measure ‘ P3 PT P3 Width at Level Gate Accept | Close
Time between two tranzitions of opposite lope at a
on \ M?UUWE‘I [il % Wi ;:saslurel ] specified level. (Slope specified for 1=t transition)
Type e Dt Level is Fercent level
pal measure on Percent ] 50 % ] EREE S
t waveforms Summary
e wid@Mv(M1) PDEE"UDE
parameters Actions for P1 Help
advanced n] |,_.-——-—-—-h Ijtl:mﬂm Markers  Always On Hyst. Type Hysteresis
‘ web edit Il'iﬂﬂilﬂll I Trend Track Detailed ] Divisions ] 500 mdiv ]

1112712005 7:23:41 PM




File Verical Timebase Trigger Display Cursors Measure Math Analysis Ultilities Help P1:‘ Setup...

Effect of thresholds on the Width
measurement of this ESD pulse

Measure P1wid@iv({M1)
value 83106 ns
status w

Timebase 0 nsyl Trigger
50.0nsidiv | Stop 0.0 mV
500 k3 10 G5/ |Edge Positive

Measure ‘ P3 PT P3 Width at Level Gate Accept | Close
Time between two tranzitions of opposite lope at a
on \ M?UUWE‘I [il % Wi ;:saslurel ] specified level. (Slope specified for 1=t transition)
Type e Dt Absolute level
pal measure on Absolute 22V ] EREE S
t waveforms Summary
e wid@Mv(M1) PDEE"UDE
parameters Actions for P1 Help
advanced n] |,_.-——-—-—-h Ijtl:mﬂm Markers  Always On Hyst. Type Hysteresis
‘ web edit Il'ﬁﬁlﬂ'slﬂll I Trend Track Detailed ] Divisions ] 500 mdiv ]
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File Vertical Timebase Trigger Display Cursors Measure . o . .
The pulse width and risetime are measured, both with and without EMC

thresholds applied. In parameter 1 (P1), the thresholds are set to 0% - Max,
and the pulse width is measured correctly as 2.109 nanoseconds. In
parameter 2 (P2), the thresholds are set to the standard scope threshold of
50% of Top and Base. In this case, the measurement is incorrectly reported
as 50.348 nanoseconds -- an error of 2287%. The width measurement was
impacted so significantly, that the 50% threshold between Top and Base
actually produced a width measurement on the wrong pulse shape.
Parameter 3 (P3) is set to the correct EMC threshold of 0% to Max,
producing a correct electrostatic pulse risetime measurement of 833
picoseconds. Notice that in parameter 4 (P4), the standard risetime is
incorrectly reported as 873 picoseconds. When using standard pulse
parameter measurements, erroneous values can be obtained.

Y
Measure P1wid@v(M1) P2wid@iviM1) P3rise@lviMi) Pdrise@iviM1)
value 2109 ns 50.348 ns 833 ps 873 ps
status w v W .
Trigger
Stop 1.440 W
Edge Positive
Meazure P1 P2 F3 P4 P5 P& pr P2 Width at Level Gate Accept Close
Time between two tranzitions of opposite lope at a
¥ on \ : Mﬁnurcﬂ [;% w'.::r?aslurel | specified level, (Slope specified for 1st transition)
Type —] e Dt Fercent level :
pal measure on %% 0-Max 50 % ] KISt
t waveforms sSummary
B mah on wid@M(M1) PDEE"UDE
* = parameters : Actions for P1 Help
advanced n] |,_.-——-—-—-h Ijtl:mﬂm Markers  Always On Hyst. Type Hysteresis
‘E:E}D web edit IHistng'am Trend Track Detailed ] Divisions ] 500 mdiv ]
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File Verical Timebase Trigger

Display Cursors

Measure

The pulse width and risetime are measured, both with and without EMC
thresholds applied. In parameter 1 (P1), the thresholds are set to 0% - Max,
and the pulse width is measured correctly as 2.109 nanoseconds. In
parameter 2 (P2), the thresholds are set to the standard scope threshold of
50% of Top and Base. In this case, the measurement is incorrectly reported
as 50.348 nanoseconds -- an error of 2287%. The width measurement was
impacted so significantly, that the 50% threshold between Top and Base
actually produced a width measurement on the wrong pulse shape.
Parameter 3 (P3) is set to the correct EMC threshold of 0% to Max,
producing a correct electrostatic pulse risetime measurement of 833
picoseconds. Notice that in parameter 4 (P4), the standard risetime is
incorrectly reported as 873 picoseconds. When using standard pulse
parameter measurements, erroneous values can be obtained.

Fy
Measure P1wid@lviM1)y P2wid@iviM1] P3rise@lviMi) Pdrise@iviM1)
value 2.109 ns 50.348 ns 833 ps 873 ps
status v v b
Trigger
Stop 1.440 W
Edge Positive
Meazure P1 ‘ P2 F3 P4 P5 P& pr P2 Width at Level Gate Accept Close
Time between two tranzitions of opposite lope at a
¥ on \ : Mﬁnurcﬂ [;% e ;:saﬁl”rel | specified level, (Slope specified for 1st transition)
Type e Dt Fercent level :
pal measure on Percent 50 % ] EE
t waveforms Summary
o= mathor wid@Mv(M1) PDEE"UDE
parameters : Actions for P2 Help
EII%D advanced n] |,_.-——-—-—-h Markers  Always On Hyst. Type Hysteresis
‘ web edit Histogram Trend Track Detailed ] Divisions 500 mdiv ]
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File Vertical Timebase Trigger Display Cursors Measure . o . .
The pulse width and risetime are measured, both with and without EMC
| thresholds applied. In parameter 1 (P1), the thresholds are set to 0% - Max,
R N S U U AU and the pulse width is measured correctly as 2.109 nanoseconds. In
|_ _____________________________________________________________ parameter 2 (P2), the thresholds are set to the standard scope threshold of
' '| 50% of Top and Base. In this case, the measurement is incorrectly reported
! . as 50.348 nanoseconds -- an error of 2287%. The width measurement was
| | impacted so significantly, that the 50% threshold between Top and Base
, s | actually produced a width measurement on the wrong pulse shape.
| rise@iv : Parameter 3 (P3) is set to the correct EMC threshold of 0% to Max,
. producing a correct electrostatic pulse risetime measurement of 833
| : picoseconds. Notice that in parameter 4 (P4), the standard risetime is
- | incorrectly reported as 873 picoseconds. When using standard pulse
| I parameter measurements, erroneous values can be obtained.
| | .
I ;
Eepew e RN R i ] |
M'l _____________________________________________________________________________ -
| I
Fy
Measure Pl wid@lviM1) P2wid@iviM1)} Pdrise@viMi) Pdrise@iviM1)
value 2.109 ns 50.348 ns 833 ps 873 ps
status v v v H.
Timebase -4.54 ps
1.00 psidiv | Stop 1.440 W
200 kS 20 GS/s |Edge Positive
Measure P1 P2 ‘ P3 P4 Ps Ps PT P3 Rize at level Gate Accept Close
Source Measure M Transition time for % or absolute
i On ' : levelz of all rizing edges
Type M | Rise@level ] 140
B8l measure on High percent
t waveforms Summary B, O-Max 90 9%
+ -  math on rise@iviM1)
* = parameters Actions for P23 Help L ow percent
Setlevelsto | SetlLewvels to
Markers  Always On
‘%}D E‘“‘f”gﬁ” el | _ : 10% and 90% | 20% and80% 10 % ]
web edi Histogram | Trend Track  Detailed | [l
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File Vertical Timebase Trigger Display Cursors Measure . o . .
The pulse width and risetime are measured, both with and without EMC
| thresholds applied. In parameter 1 (P1), the thresholds are set to 0% - Max,
R N S U U AU and the pulse width is measured correctly as 2.109 nanoseconds. In
I parameter 2 (P2), the thresholds are set to the standard scope threshold of
[ AR e R s S R e 50% of Top and Base. In this case, the measurement is incorrectly reported
! : as 50.348 nanoseconds -- an error of 2287%. The width measurement was
| ! impacted so significantly, that the 50% threshold between Top and Base
, I actually produced a width measurement on the wrong pulse shape.
| fise@h | Parameter 3 (P3) is set to the correct EMC threshold of 0% to Max,
. ' producing a correct electrostatic pulse risetime measurement of 833
| ] picoseconds. Notice that in parameter 4 (P4), the standard risetime is
- | incorrectly reported as 873 picoseconds. When using standard pulse
| I parameter measurements, erroneous values can be obtained.
| | o
| :
R |- ------------------------------------------------ z e e A |
M'r
[ e g e i
Fy
Measure P1wid@lv(M1)} P2wid@iviM1) Prise@lviM1)} Pdrise@ivi{M1)
value 2.109 ns 50.348 ns 833 ps 873 ps
status v W v H.
Timebase -4.54 ps
1.00 psidiv | Stop 1.440 W
200 kS 20 GS/s |Edge Positive
Measure P1 P2 P3 | P4 Ps Ps PT P3 Rize at level Gate Accept Close
vl Source Measure Transition time for % or absolute
n ; iz
Type M | Rise@level ] levels of all rizing edges
t-H e ST High percent
waveforms ry Percent a0 %
+ -  math on rise@iviM1)
* =  parameters | Actions for P4 Help Low percent
Setlevelsto | SetlLewvels to
Markers  Always On
‘%}D E‘“‘f”gﬁ” el | _ : 10% and 90% | 20% and80% 10 % ]
web edi Histogram | Trend Track  Detailed | [l

& P4 status: Not a pulse.




| 1l A=

File Verical Timebase Trigger Display Cursors Measure

The pulse width and risetime are measured, both with and without EMC
thresholds applied. In parameter 1 (P1), the thresholds are set to 0% - Max,
and the pulse width is measured correctly as 2.109 nanoseconds. In
parameter 2 (P2), the thresholds are set to the standard scope threshold of
50% of Top and Base. In this case, the measurement is incorrectly reported
as 50.348 nanoseconds -- an error of 2287%. The width measurement was

impacted so significantly, that the 50% threshold between Top and Base
actually produced a width measurement on the wrong pulse shape.
Parameter 3 (P3) is set to the correct EMC threshold of 0% to Max,
producing a correct electrostatic pulse risetime measurement of 833
picoseconds. Notice that in parameter 4 (P4), the standard risetime is
incorrectly reported as 873 picoseconds. When using standard pulse
parameter measurements, erroneous values can be obtained.

I.-'I1||| .

Y
Measure P1wid@lviM1) P2wid@viM1) PIrise@lviMi) Pdrise@iviM1)
value 2109 ns 50.348 ns 833 ps 873 ps
status w - v R

Timebase -4.54ps
1.00 psidiv | Stop 1,440V
200 kS 20 GS/s |Edge  Positive
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