
Advances in data communications receiver design 
have led to important changes in transmitter charac-
terization and measurement methods for 100G and 
400G standards. Both IEEE and OIF-CEI have intro-
duced the concept of replacing many of the histori-
cal methods of compensable intersymbol interference 
(ISI) jitter analysis with a technique of comparing the 
actual averaged pulse response determined from the 
transmitter to an extracted linear model. This tech-
nique uses a linear fit pulse peak and where the ex-
tracted pulse response is leveraged to perform the 
signal to noise and distortion ratio (SNDR).

With SNDR, the imperfections of the signal, noise, and 
distortion are summed and their amplitude (RMS) is 
compared to the size of the signal. SNDR is less sensi-
tive to ISI caused by factors such as insertion loss and 
reflections, and ISI can be compensated by equaliz-
ers in Tx and Rx. But SNDR includes all other sources 
of transmitter noise and distortion. A result above 27 
dB is a pass in today’s electrical backplane standards 
(25 Gbps NRZ KR4) and 26 dB for electrical cables 
(25 Gbps NRZ CR4). For PAM4 this result needs to be 
even higher. For example, 200GBASE-KR4 requires 
SNDR ≥ 32.5 dB.

The advantage of SNDR is it offers designers flexibil-
ity in how they may reach conformance with several 
degrees of freedom and permits a strategy of compro-
mise in one specification, while overdriving another to 
compensate. For silicon evaluators, it’s advantageous 
to see a single figure of merit, which is a composite 
of many silicon sub-specifications, when it comes to 
determining the best device.

In an SNDR model, the degree that the actual pulse 
response matches a linear fit model (Figure 1) is the 
main consideration. The ISI jitter/noise is 100% com-
pensable by equalizers and of no real consequence 
to the system performance (assuming the equalizers 
can be implemented in the system). The residue from 
the linear fit is called distortion. The ratio between the 
signal from linear fit and distortion-plus-noise projects 
the system performance with equalizers.

The standard deviation of the error in this model fit is 
called distortion, the se parameter in the SNDR expres-
sion. For each of the four symbol levels, the vertical 
signal noise is determined at a fixed low-slope point 
in a long consecutive run of identical PAM4 symbols. 

The noise parameter sn is the average of the standard 
deviations of these four symbol measurements. Pmax 
is the peak amplitude of the pulse response from the 
linear fit.

There are three residual jitter specifications, JRMS, J5, 
and even-odd jitter. These are random and high-prob-
ability deterministic components that cannot be ex-
tracted from the linear pulse modeling process. This is 
why they stand alone as the only electrical jitter specs 
in current 400G systems. The reliance on an accurate 
linear pulse extraction and its analysis make SNDR the 
single most important measurement in modern data 
communications systems.

SNDR and instrumentation
There are several key instrument considerations to ac-
count for when performing SNDR measurements.

The instrument (signal acquisition) bandwidth for IEEE 
802.3bs/cd requires a 33-GHz system, with a re-
sponse following a fourth order Bessel-Thomson re-
sponse. The flat group delay or linear phase of this fil-
ter is key to minimizing instrument-induced ISI. There 
are several views on how far past the -3 dB point of 
the Bessel-Thomson curve the instrument bandwidth 
needs to support.

Overcoming SNDR Measurement
Challenges in 100G, 400G Datacom Testing
By John Calvin and Kan Tan, Tektronix

Reprinted with revisions to format, from the April 5, 2017 edition of LIGHTWAVE Online
Copyright 2017 by PennWell Corporation

Figure 1. 26-GBaud PAM4 linear fit pulse response.



Figure 2 shows the 33-GHz Bessel Thompson re-
sponse required by the IEEE specs in the 100G space, 
while in Figure 3 the OIF-CEI community has a slightly 
higher bandwidth spin on this at 40 GHz. In the latter 
case, the Bessel Thompson profile is carried out to -10 
dB, which requires a 56-GHz instrument.

Whether -6 dB or -10 dB is selected as the cutoff point 
for analysis, there are important noise considerations 
that factor into the SNDR measurement system. Mod-
ern high-bandwidth instruments achieve their target 
specs through a variety of signal block conversion 
methods, including asymmetric as shown in the circuit 
diagram in Figure 4 and asynchronous in Figure 5.

One of the most important factors when considering 
signal acquisition techniques is the phase linearity of 

acquisitions across the entire analysis band in addition 
to the magnitude flatness.

The use of the mixing concept in conventional asym-
metric interleaving methods introduces a significant 
non-linear component at the principal heterodyne 
junction of the block conversion process. In this archi-
tecture, the local oscillator frequency equals the mid-
band of the analog front-end bandwidth, which makes 
it possible to acquire the upper half of the scope pass-
band with one analog-to-digital converter (ADC) and 
the lower half of the passband with another ADC. The 
total waveform is then stitched by a digital signal pro-
cessor (DSP). This architecture requires accurate and 
stable calibration to achieve and maintain the overall 
phase linearity.

Asynchronous acquisition technology, on the oth-
er hand, avoids the use of asymmetric mixing tech-
niques. With this architecture, a pre-sampler is used 
as a harmonic mixer. The signal paths are symmetri-
cal, and there are no significant differences in propa-
gation delay or phase shift between the two sides of 
the acquisition channel. This results in the flat phase 
response shown in Figure 6 from DC to 70 GHz.

This flat response is key to jitter decomposition when 
PAM4 spectral components are analyzed, which per-
mits low jitter noise floors (e.g., 40 fs RMS). This jitter 
precision is crucial to minimizing the SNDR se param-
eter.

Figure 2. This is the 33-GHz Bessel Thompson response re-
quired by the IEEE specs in the 100G space.

Figure 3. The OIF-CEI community has a slightly higher band-
width requirement at 40 GHz.

Figure 4. Example of a mixer-based acquisition channel..

Figure 6. An oscilloscope using asynchronous acquisition 
technology has flat phase response from DC to 70 GHz

Figure 5. Block diagram of an asynchronous time interleave 
(ATI) circuit.



Noise Levels
The other important attribute of ATI based acquisition 
is that its dual and symmetric acquisition system re-
duces noise by a factor of sqrt(2) compared to con-
ventional asymmetric interleaving.

Acquisition bandwidth choices also influence the 
SNDR sn noise parameters. Not surprisingly, a very 
high bandwidth system will integrate more noise 
across its wider passband than a lower bandwidth 
system. The following examination of SNDR at differ-
ent acquisition bandwidth figures illustrates this point:

However, with a higher sample rate, it is possible to 
use a bandwidth limit filter to reduce the scope noise 
and improve the accuracy of sn measurement.

Breaking down these values offers a comprehensive 
view on how the components of SNDR are influenced 
by key instrument properties. Intuitively, the Sigma_n 
(sn) value is reduced with a lower instrument band-
width, as the noise integration region is reduced by 
40% when operating at 30 GHz compared to 50 GHz. 
Bandwidth limiting can be an effective (but danger-
ous) method of improving SNDR results. Higher scope 
bandwidth means that more signal harmonics are 
available for investigation compared to lower band-
width instruments. Less intuitively, the pulse peak val-
ue may be increased at lower bandwidths.

Figure 7 illustrates the limited harmonic content of a 
square wave at 30 GHz, with ringing causing higher 
than expected peak pulse amplitude. In Figure 8 how-
ever, at 50 GHz there is sufficient harmonic content to 
define the true pulse edge with no overshoot or ring-
ing. This results in a lower (but more accurate) pulse 
peak value.

More accurate SNDR testing
SNDR has emerged as the most important measure-
ment for evaluating electrical 100G and 400G trans-
mitters, yet poses a significant challenge for many 
classes of test instrumentation. SNDR se is affected 
by instrument phase linearity and jitter noise floor. 
SNDR sn is impacted heavily by instrument contribut-
ed acquisition noise and needs to be weighed against 
instrument bandwidth. Fourth order Bessel-Thomson 
acquisition systems with roll off characteristics above 
50 GHz are required to properly characterize true pulse 
peak values.
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Figure 7. Limited harmonic content is visible in this 30-GHz 
square wave acquisition.

Figure 8. A 50-GHz acquisition has sufficient harmonic content 
to define a true pulse edge


