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Keysight Measurement Science : Oscilloscopes
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Example Oscilloscope used as PCle analyzer
Contrast versus “inside chipscope™. Measuring on “outside signals”

: Tuesday, Janua

s Demos Help

224ns

Memory 1: PCI-Express Packet quence Number | Tag | Length | Address HArFC | Size (Bytes) | Paylo: Data * tes not descramb Details

-411.33131 ns Ordered Set (SKP 0S) (Gen3) 16 e ————

-378.83171 ns | Memory Write 32b (Gen3) 257 oF 044 |9ABC E3EQ 00 00 00 00 00 00 00 00 00 DO 00 00 00 0C -80.79 ps 4 Size (Bytes!

T TV E— 5 ot ot D el

-53. d oo 2

-37.58045 ns Start Data Stream (SDS) (Gen3) 2.91914 ns = lt‘:i,::_.(l::::isems

= 391922 ns 5 = STP Token = 6FS0 2258 Hex

35.41955 ns Memory Write 64b (Gen3) 0000 0000 9ABC E3F0 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5[ 4.91915 ns A0 z TLP Length = 006 Hex

405.17012 ns | Ack (Gen3) 5.91927 ns =i

429.42036 ns | Completion with Data (Gen3) 25A A0 051 344 AF BO B1 B2 B3 B4 B5 B6 B/ BE B9 BABB E 6.91938 ns 00 1
10 795.17101 ns | Memory Write 64b (Gen3) 25B Al |000 0000 0000 9ABC E3F0 4120 0001 02 03 04 05 06 07 08 09 0A 0B 0C 0[ 7.91941 ns 00
11 4.99567975 us | Memory Write 64b (Gen3) 25C Al (044 0000 0000 SABC E3F0 296 00 00 00 00 00 00 00 00 00 00 00 00 00 OC 8.01948 ns
12 5.32893054 ps |Memory Read 32b (Gen3) 25D A2 052 1234 5B88 20 9.91945 ns
13 5.36543057 ys |Memory Write 32b (Gen3) 25E A3 |052 SABC E400 348 51 52 53 54 55 56 57 38 59 5A 5B 5C 5D i 11.16933 ns
14 5.72693119 us |End Data Stream (EDS) Token 4 2958 |12.16925 ns 34
15 |5.73118131 ps | Skip Ordered Set (SKP 0S) (Gen3) 16 2959 [13.16930 ns |58
16 5.76368110 ps | Nak (Gen3) 25E 8 2960 [14.16930 ns 78
17 5.78793181 ys | Completion with Data (Gen3) 25F A2 051 344 AEAFBOB1B2B3B4B5B6B7BBBIBAE 2961 [15.16932 ns 69
18 6.15368210 ys |Memory Write 32b (Gen3) 260 A3 |000 ‘OABC E400 4116 00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0OI 2062 [16.16925 ns CA
19 10.35018959 ps|Memory Write 32b (Gen3) 261 A3 (044 SABC E400 292 00 00 00 00 00 00 00 00 00 00 00 00 00 OC 2963 [17.16918 ns 62
20 10.67919026 ps|Memory Read 64b (Gen3) 262 A4 053 0000 0000 1234 5B98 24 2964 [18.16903 ns 79 TP L0l = TIP Lengt(104]
21 10.71994033 ps | Memory Write 64b (Gen3) 263 A5 |053 0000 0000 9ABC E410 356 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5l 2965 [19.16908 ns 00 : :
22 11.09769133 ps|PM - Enter L1 (Gen3) 8 2966 (20.16913 ns 00 06 OXF 1 0x00 C
23 11.12194168 ps | Completion with Data (Gen3) 264 A4 |052 348 AD AE AF BOB1 B2 B3 B4 B5 B6 B7 BB B9 E 2967 [21.16911 ns 00 PlD[H Type R| T [R[A[RTHTD[EF

22 16915 ns v

11l >
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Oscilloscope block diagram
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To prevent aliasing on realtime scopes filtering is
needed

Aliasing will appear when the sample rate is too low, an incorrect waveform
of a lower frequency due to undersampling of the waveform.

MM AAATALAL =
T\}T\/ T MyuT T\WTO

Sample points
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Question:

*  Assume for your experiment you would need to have an
realtime oscilloscope with 1 GHz analog bandwidth.

* In your lab you have two different 1 GHz oscilloscopes:
. 1x with 4 Gsample/sec ADC
. 1x with 40 Gsample/sec ADC.

*  Which one would you choose?

Oscilloscope Fundamentals Training H7240A+100 KEYSIGHT
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Scope Sampling Rate (versus Scope Bandwidth)
No Major Benefit of SR >4 * BW

scope

SR = 4*BW
A/D
Glitch Filtered / SR > 4*BW
Before Being
Digitized
Oscilloscope Fundamentals Training H7240A+100 KEYSIGHT
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Question:

An Engineer needs to measure time delay between 2 rising
edges. One rising Edges on channel 1 and one rising Edge on
Channel 2. Requested accuracy is +/- 10 picoSeconds.

Model# 54855A /9000 has an 20 GSample ADC. This translates
into an b0 picosecond sample interval.

Model# DSO 81004A/90000 has an 40 GSample ADC. This
translates into 25 picoSecond sample interval.

Does the Engineer to request budget for an oscilloscope with an
1/10pS = 100 Gsample ADC?

KEYSIGHT
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Answer for 10 pSec accuracy

40 GSample/25picoSecond on DSO 81004A 10GHz BW 20 GSample/50 picosecond on 54855A 6GHz BW

File Control Setup Measwe Analyze Lilites Help 1:39 P File Control Setup Measwe Analyze LUdltes Help 2:21 P

Fd F4
AT(avg) = 190ps AT(avg) = 189ps
AT(min)=187ps |\ WMVl AT(min)=185ps | |
AT(max) = 193ps AT(max) = 193ps
AT(c) = 870fs
F T ens EMEN- " EEZNEN o> & EEEH: F T ens I EENEN o> i EEE
af &) i i Maikets | Scales | af 2] i kess | Seakes |
= .11t Didete

Al

Channel to Channel Delta time Measurement

b4855A has an 20 GSample ADC. This translates into an 50 picosecond sample interval.
DSO 81004A has an 40 GSample ADC. This translates into 25 picoSecond sample interval.

KEYSIGHT
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Addendum Interpolation:
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Interpolation
In
Digitizing
Oscilloscopes

Gustaaf Sutorius
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Example Interpolation on infinilum scope

— |

I Acquisition Setup ')('
Sampling Mode Acquisition Mode
® Real Time @ Normal
© Equivalent Time & Peak Detect
O Segmented (> High Resolution
I Sin{x)/x Interpolation
Auto v
|oft Bandwidth Limit
Auto [1Enable
lon (1 pt)
I On (2 pts)
On (4 pts) i i i ~
On (8 ) What is Sin(x)/x Interpolation~
I On (16 pts)

In simple terms, when we discuss oscilloscope sampling, we are referring to sampling a
continuous waveform at discrete points in time. In order for the continuous waveform to be
accurately reproduced by these discrete points, Myquist's Theorem should be satisfied. If the
MNyquist's criteria are met, you can perfectly reconstruct the signal using sin(x)/x interpolation.
The Sin(x)/x Interpolation Filter is a sin(x)/x finite impulse response (FIR) digital filter that
Improves the reconstruction of the waveform by adding data points between the acquired data
points. The interpolated data points are used to improve the accuracy of the measurements.

When the sin{x)/x interpolation filter is enabled, it adds interpolated points between sampled
waveform points when the number of sampled points are too few to adequately display the

waveform.
KEYSIGHT
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Question:

An Engineer needs to measure time delay between 2 rising
edges. One rising Edges on channel 1 and one rising Edge on
Channel 2. Requested accuracy is +/- 10 picoSeconds.

54855A /9000 has an 20 GSample ADC. This translates into an 50
picosecond sample interval.

DSO 81004A /90000 has an 40 GSample ADC. This translates into
25 picoSecond sample interval.

Does the Engineer to request budget for an oscilloscope with an
1/10pS = 100 Gsample ADC?

KEYSIGHT
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Why Interpolation?

A Samples

90% /
50%
10% /

- —
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Why Interpolation?

The scope samples your waveform and places the samples in
memory. If your waveform has a fast rise time compared to the
scope's sampling rate, there can be a small number of samples
taken from the rising edge. For example, if the scope is sampling at
4 Gsa/s, then the time between samples is 250 ps. If your waveform
has a rise time of 1 ns then there are only 4 samples stored in
memory representing the edge. This can cause problems when
trying to make an automated rise time measurement

KEYSIGHT
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How Interpolation: Waveform reconstruction

The reconstruction filter creates waveform points between sample
points using the sampled waveform points. At sample rates less
than 20 GSa/s, if the highest frequency in your waveform is less
than the sampling frequency divided by 4 (fs/4), the reconstruction
filter will accurately reproduce your waveform. At 20 GSa/s the
highest frequency must be less than the bandwidth of the scope.

The interpolation technique was proven to accurately reproduce the
original waveform by Shannon in 1947.

KEYSIGHT
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How Interpolation: Make use of “Sampling Theorem”

From

* The Nyquist—-Shannon sampling theorem is a fundamental theorem in the
field of , In particular , created by

and , and is sometimes simply referred to
as the sampling theorem.

* The theorem states the conditions under which the samples of a signal
can be used to reconstruct the signal perfectly:

* When sampling a signal (e.g., through analog to
digital conversion) the must be greater
than twice the signal's bandwidth in order to be able to

from the sampled version

KEYSIGHT
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http://en.wikipedia.org/wiki/NyquistShannon_sampling_theorem
http://en.wikipedia.org/wiki/Information_theory
http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Claude_Shannon
http://en.wikipedia.org/wiki/Harry_Nyquist
http://en.wikipedia.org/wiki/Bandlimited
http://en.wikipedia.org/wiki/Sampling_frequency

What Is Interpolation?

« Interpolation increases the effective sampling density of a waveform
consistent with the bandwidth allowed by the original sample rate.
This process is required for optimal waveform viewing as well as for
making accurate measurements.

* Interpolation cannot add /nformation about the signal which was not
present in the original samples.

« Interpolation is (for Keysight oscilloscopes) a process which follows
the rules of linear systems theory, and can be observed in the time and
frequency domains. |[E we just follow Shannon’s and Nyquist's rules

KEYSIGHT
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The Interpolation Process

The first step in Interpolation is to add zero-valued samples to
achieve the desired sample density. For 4:1 interpolation, 3
zeros are added for each actual sample.

Note the presence of Aigh frequency components (abrupt slope
changes) in the zero-filled signal.

-8 .. P
. * 14" ¢ Original Data PR
B r v T s . L - '
| ] ’ . ~ > !
N ’ . I‘\ :" [N ’
Zero-filled Data A L
* ’ e,
M L4
Q- ----- _‘
t0 tl t2 t3 t4 t5 16
Time
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The Interpolation Process

The reconstructed waveform has smooth edges relative to
simple /inear interpolation.

“»" b 4 3l W~ _ “ldeal” Interpolation ‘._0."

'_ 4 ‘ s !# ’4‘ .

t Linear oK .’
Interpolation \l. /'
i H i % |
x“* ‘,4
™~ ¢
L 1 ; _' - <+ ¢
t0 tl t2 t3 t4 t5 t6
Time
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Oscilloscope example: Interpolation turned off

* Only each dot is displayed as a series of independant points

File  Control Setup  Measure  Analyze  lities Help 4:28PM_

* Hard to read!

— = — = il
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Oscilloscope example: Just connect the Dots

* No Interpolation The dots are connected with straight lines.

* Gives you a simplified view of the actual signal

File Contral Setup  Measure  Analyze  Utilities  Help 4:35PM_

2l 3 !ﬁ @@ 00 et

M il 1 050 ns M 165 miv
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Oscilloscope example: Interpolation “turned on”

« With interpolation (reconstruction) turned on the signal is much
easier to read.

File Control Setup Measure Anakze  Ltlites  Help

431 P
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Summary of Interpolation

Interpolation is required for viewing or making measurements on high
bandwidth real time signals.

Interpolation is a mathematically linear process which consists of
adding zero-valued samples, then low-pass filtering.

Interpolation just follows Shannon Rule

So interpolation does not add information.

KEYSIGHT
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Example Interpolation & answer Question 10 pSec accuracy

40 GSample/25picoSecond on DSO 81004A 10GHz BW 20 GSample/50 picosecond on 54855A 6GHz BW

File Control Setup Measwe Analyze Lilites Help 1:39 P File Control Setup Measwe Analyze LUdltes Help 2:21 P

Fd F4
AT(avg) = 190ps AT(avg) = 189ps
AT(min)=187ps |\ WMVl AT(min)=185ps | |
AT(max) = 193ps AT(max) = 193ps
AT(c) = 870fs
F T ens EMEN- " EEZNEN o> & EEEH: F T ens I EENEN o> i EEE
af &) i i Maikets | Scales | af 2] i kess | Seakes |
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Channel to Channel Delta time Measurement

b4855A has an 20 GSample ADC. This translates into an 50 picosecond sample interval.
DSO 81004A has an 40 GSample ADC. This translates into 25 picoSecond sample interval.

KEYSIGHT
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Evaluating Oscilloscope Sample Rates vs.
Sampling Fidelity: How to Make the Most
Accurate Digital Measurements

Keysight Application Note 1587

This application note demonstrates a
counterintuitive concept: scopes with
higher sample rates can exhibit poorer
signal fidelity because of poorly aligned
Interleaved analog-to digital converters
(ADCs).

This application note als1
will show how to easily
characterize and
compare scope ADC
sampling fidelity using
both time-domain and
frequency-domain
analysis techniques.

Sutorius Oscilloscope Basics Training H7240A+100 v1.6
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