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Oscilloscope Signal Fidel
Myths and Truths |
Using real-world examples to sort

fact from fiction when evaluating
signal fidelity. —




What is Oscilloscope Signal Fidelity?

A Signal fidelity refers to the correspondence between an input signal and its
output through an oscilloscope.

A The term fidelity can be described as the quality of being faithful or loyal.

A In oscilloscopes, it is of great importance that the signal we input is reproduced
identically on screen.

A Good oscilloscope signal fidelity ensures that this occurs.

A Many methods exist to characterize the signal fidelity of an oscilloscope.
A We will focus on the most common ones.

Ve

A Not every method is a valid test of signal fidelity.

A Ultimately, the best test of signal fidelity is one that demonstrates faithfulness
of signal reproduction.

Ve

A A comparison of the measurement signal to a golden reference provides the best
test of signal fidelity

A The truest analog bandwidth is the one that compares best to a golden reference.
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Baseline Noise T is it a good test
of signal fidelity?
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Background - Baseline Electrical Noise

A Baseline Electrical Noise

A RMS voltage of the baseline trace without a signal applied.
A Noise changes with an applied input signal.
A Does not take into account distortion in the signal path.

A When was the last time you used an oscilloscope with no signal inputs?

A Baseline noise is typically expressed as an RMS in mV.
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A For Tektronix and Agilent oscilloscopes, this is t|
A For LeCroy oscilloscopes, this is the SDEV measurement parameter, which equals the AC RMS voltage.
A This is because ® Jw ,  where wis the mean and, is the standard deviation.

A Since AC signals have a mean of zero, of which baseline noise is one, w=0.
A Therefore, ¢ J. .8
A Baseline noise can also be expressed as a Signal to Noise Ratio (SNR) in dB.
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Making Proper Baseline Electrical Noise Comparisq:".

A Leave the inputs to the oscilloscopes unterminated.
A No signal is applied during this test.

A Enable the channel of interest and ensure that both oscilloscopes are set to
the exact same configuration.

A Baseline noise levels change with V/div, sample rate, input coupling, scope
bandwidth, and averaging.
A These settings must therefore be equal on both devices.

A Use the built-in oscilloscope measurement for the most accurate comparison.
A Enable either the Standard Deviation or the AC RMS Voltage measurements.

A Visually, the trace thickness changes with the record length i the number of samples
or, data points, acquired i and display intensity.
A This occurs because the record length exceeds the number of horizontal pixels in the
monitor.
A In order to fit the data points onto the screen, the data is compacted via an algorithm.
A As a result, visual inspection of trace thickness is misleading, especially when different
@y record lengths are beliong compared. oo ’



Long Record Acquisitions Are Visually Deceiving
Understand why this causes the trace to appear thicker

A How do you display thousands of data points on a screen with a horizontal
trace resolution of approximately 1280 pixels without losing important details?

A Display Compaction resolves this problem by breaking up long waveforms into
regions and recording the maximum and minimum values within each region

(Figure 1).

Ve

A The minimum and maximum value pairs are then displayed on screen.
A Note: The acquired data is not affected in this process: the algorithm simply chooses

which data values to show in the display. The
acquired data is stored separately and is used
for all cursor and parameter-based measurem-
ents.

A Visually, min/max compaction emphasizes

the significant peaks in the data.

A The effect is that the trace will appear to be
noisier and thicker than the same signal

LeCroyviewed on an uncompacted display.
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Figure 1: A simplified view of how data points are selected by the min/max display compaction

algorithm.




Persistence and Display Intensity
This Can Visually Alter the Appearance of a Baseline Trace

A Waveform persistence allows sample points to accumulate onscreen with every
trigger of the oscilloscope.
A The closer together the sample points, the brighter they are drawn to indicate that they
are frequently occurring.
A Those spaced further away from each other are dimmed to various degrees relative to the
frequency in which they occur.
A Display intensity enhances the sample points on a persisted waveform vis-a-vis
their brightness level.
A As display intensity is increased, even relatively infrequently occurring samples are
brightened.
A At, or near, 100% display intensity, all points are drawn with nearly the same brightness,
regardless of how often they occur.
A Itis therefore important that the display intensity during an oscilloscope compare is set
to equal levels.

Ve

A This way one trace does not visually appear thicker than the other when both oscilloscopes
have the same baseline noise performance.
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Which oscilloscope has lower baseline noise?

File Control Setup Trigger Measure Ana Utilities  Help 36 PM File Control Setup Trigger Measure Analyze Utilities Help

40.0 GSa/s 200 kpts




Which oscilloscope has lower baseline noise?

Answer: They are the same oscHIoscope'

Trigger Measure Utilities  Help 1 Jun 2011 12:36 PM
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= 0|

ACVrms (1) [T]oov S L@ [@@C] ACVrms(1) H [T] 0.0v
Current 1.79586 mV Current 1.83639 mV

Current lAgggrB"g(:l\)l Mean 1 - E]‘]‘B 1 mv h 2 Current lﬁgggg;(:‘\)’l HEan 1 - 88836 mv h
Mean  1.81101 mV Min 1.74208 mV

: Mean 1.80836 mV Min 1.77356 mV
Min  1.74288 mV Min  1.77356 mV
Max  1.87466 mV Max 1.87466 mV

Max  1.84765 mV Max 1.84765 mV
The setup on the right is using a record length that is much greater than that on the left (20 Mpts vs

200 kpts) and that of the horizontal trace resolution (1024 pixels). The trace is thus compacted onto
the screen, resulting in a trace that appears thicker and noisier. However, the baseline ACVrms

measurements show that the two traces are statistically identical. This proves that the actually
acquired data is the same and has not been affected.




Which oscilloscope has lower baseline noise?

Measure Utilities  Help 1 Jun 2011 12:47 PM
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Which oscilloscope has lower baseline noise?

Answer: They have equal performance!

Fie Verical Timebase Tngger Display Cursors Measre Mah Anabisis Ubiies Help

Measure P1:sdev(C1)

value 19mVv <

mean 1.858 mV €————o
min 18 mv

max 19 mVv Timebase 0.00 s
sdev 6 uv

num 728

500 nsfdiv | -
status ﬁ EUD kS 40 GSIE 200kS  40GSis Edge Pﬂ

File Control Setup Trigger Measure Analyze Utilities Help

40.0 GSa/s 20.0 Mpts
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e (1750 (o) acvrne (1) TR B
Measurements |[MELES s 8 Current 1.83639 mV
All Current  1.83639 mV Mean 1.80836 mv :
Mean  1.88836 mv Min 1.77356 mV

Min  1.77356 mV

Max  1.84765 mV Max 1.84765 mV

As in the previous example, the display of the Agilent oscilloscope on the right is compacted
significantly more than the LeCroy on the left, owing to the difference in record lengths. Despite the
I Croy apparent difference in trace thickness, the baseline noise is measured on both to be statistically

equivalent.




Which oscilloscope has lower baseline noise?

File Verical Timebase

Trigger Display
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Source Horiz Scale Position Vertical Scale Offset
Channel 1 200 ns/div -188.70 6 mV/div 0.0 v



Which oscilloscope has lower baseline noise?

Answer: They have equal performance!

File Control Setup Trigger Measure Analyze Utilities Help 28 Jun 2011 12:29 PM
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Delete 15 (1) Mean 1.78736 mV €———
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By turning down the intensity and increasing the saturation setting on the LeCroy (left), while at the

same time increasing the intensity to 100% of the Agilent (right), the baseline noise trace on the

LeCroy visually appears much thinner. However, the measurement parameter reveals that both
LBCI'Oy oscilloscopes actually have nearly equal performance. All other settings are equal!



Which oscilloscope has lower baseline noise?

1 Jun 2011 12:36 PM
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Which oscilloscope has lower baseline noise?

Answer: They have equal performance!

File Control Setup Trigger Measure Analyze Utilities Help

40.0 GSa/s 200 kpts

[ Em On
Fie Verical Timebase Trgger Display Cursors Measure Mati Anabsis Utities Help ® ® S uD

Measure P1:sdev(C1)
value 19mVv <

mean 1.858 MV €———— ore |7 EE] (@) | & ACVrms (1) [TJoov &
min 1.8 mv [P | Markers s s Current 1.79596 mV

max 19mv Timebase 0.00 s Mean 1.81101 mV €—

= All Current  1.79596 mV

sdev 6 uv 500 ns/div Mean 1.81101 mV Min 1.74208 mV

num 728 1 — Min  1.74208 mV

status ﬁ 200 kS A0 G55 s “inoss Edge oot H-2X B (B R Max 1.87466 mV

In this example, the record lengths of both oscilloscopes are equal at 200 kpts. As a result, both
traces are compacted by equal amounts and therefore appear the same. Moreover, they both have
statistically equivalent baseline noise measurements.




16 GHz Baseline Noise Comparison
Both Oscilloscopes have equal baseline noise performance

16 GHz Baseline Noise Comparison
2ch Operation at 80 GS/s
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Facts about Baseline Noise

A Poll: Is baseline noise the best measurement of an

oscill oscopeob6s performance?
A Answer: No. Baseline noise is not the be
performance.
A Fact : Baseline noise by itself reveals nothing abo

A The test is done without a signal input into the scope. How often do you use an oscilloscope
without a signal?

A Performance is different when actual signals are input to the oscilloscope.

A Poll: Does lower baseline noise always correlate with

better noise performance when signals are input?

A Answer: No. Lower baseline noise does not always correlate into better noise

performance when signals are input.
A Fact: A digitizing system with signal inputs behaves differently than a system without signal inputs.

A Fact: The only way to truly characterize performance of the oscilloscope with signal inputs is by
LeCroy measuring performance under these conditions



LeCroy

Oscilloscope Signal Fidel
Myths and Truths

Measuring the noise performance
of an oscilloscope with signal
inputs.




Background - Measuring Noise with Signal Inputs

Ve

A In the signal path of an oscilloscope lies an amplifier, filters, and several
ADCs. These components add noise and distortion to your signal.

A In a perfect system, the signal appears identically at both the input and output.

A However, the signal path of an oscilloscope is complex. Noise and distortion become intermixed with the input signal.
A Moreover, a system under load behaves differently than a system under no load conditions.

A The only way to truly characterize the noise and distortion of an oscilloscope
IS by operating it with a signal input and measuring the output.

A The simplest signal with which to measure performance is a sine wave.
A A single sine wave signal operates at only one frequency.

A This allows us to measure the noise and distortion at exactly that frequency. By
sweeping a sine wave through all frequencies up to the bandwidth limit of the
oscilloscope, we can fully characterize the noise and distortion of the device at
every frequency.

A The process by which this is done is by measuring the ratio of Signal to Noise and
Distortion (SINAD) in the oscilloscope.
Lecroy A SINAD can be converted into effective number of bits (ENOB) via simple formula.



Background - SINAD

A SINAD = Signal to Noise and Distortion
A With a signal applied to the input of any oscilloscope, noise and distortion in the oscilloscope
will degrade the representation of the input signal by a small but measurable amount.

A Common sources of noise and distortion include
A Thermal noise from the Front End Amplifier
A Total Harmonic Distortion from the Front End Amplifier
A Quantization Noise and Intermodulation Distortion from the Digitizer

A SINAD is found by calculating the ratio of the input signal power to the noise and distortion

powers.
Al La—
A BT ”
A Hap 1T GHE

A Low SINAD (higher noise and distortion) results in a thicker, noisier trace.
A This increases the thickness of the sine wave trace over that of the baseline.

A SINAD is the measurement of oscilloscope noise and distortion with signal inputs.
A Assuming the input sine wave is ideal.
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13 GHz SINAD Comparison - Noise with Signal Inputs

LeCroy has lower noise with signal inputs

LeCroy Agilent
Frequency WM813Zi-A DSA91304A
No Signal 39dB 38 dB
(SNR)
1 GHz 34.5dB 37.5dB
(SINAD)
6 GHz 33dB 27.5dB
(SINAD)
11.5 GHz 32dB 21.5dB

(SINAD)




13 GHz SINAD Comparison
Lce CrsGNWNAB always remains above 30 dB

SINAD Comparison for 4ch @ 13 GHz Oscilloscopes
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Background 1 Effective Number of Bits (ENOB)

A ENOB is another way to express the noise and distortion in an oscilloscope
as the number of bits in the analog to digital conversion.

A ENOB is derived from SINAD.
A The relationship between SINAD and ENOB is given as O § 6 ——8
A Therefore,p! $ A EMWA"l &) . ! $
A A perfect 8-bit ADC without noise has a best case SINAD of 50 dB.

A For example, an 8-bit oscilloscope with 8-bit ADCS that has a SINAD of 32 dB
behaves as though it only has 5-bit ADCs.
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13 GHz ENOB Comparison
Aggldnils emtBaisps EsNb@ Bs 3d efeqis: bials |

ENOB Comparison for 4ch @ 13 GHz Oscilloscopes
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Baseline Noise Indicates Equal Peefrrfizocemanc e @
And Yet the LeCroy Oscilloscope is Far Superior with Signal Inputs = ™=

13 GHz Baseline Noise Comparison
4ch Operation at 40 GS/s
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ontrol Setup Trigger Measure Analyze Utilities Help

i 0 & Em On T On
File  Verical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help . e e = etup. V] - - I:I ‘.‘D .I:I

Measure P1:sdev(C2) o8 ACVrms (1)
value 27 mv \ y / Current  2.12239 mV
i Mean 2.15643 mV

v

ue k 55|
status
b o0 = = =
D A b
0.0mV ofst sitive e L —J
=2 125mvV.

Measurements |{{E]

e A10mY
dy  235mV rms (1) Y
All Current  2.12239 mV = -2.91900000 ps 16.000 mV
Mean  2.15643 mV === = 3.09692000 ps -16.600 mV
Min  2.88518 mV 6.01592000 ps -20.600 mV
Max  2.28519 mV 166.2256147 kHz
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30/32 GHz Oscilloscope Comparison with a 2.5 GHz sng
LeCraoy has 14% advantage in noise.
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File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help
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30/32 GHz Oscilloscope Comparison with a 10 GHz S|gn il ihput -
LeCroy has 13.5% advantage in noise. ¥ Lo

LeCroy WaveMaster 830Zi-A Agilent DSAX93204A
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