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95.7.2 100GBASE-SR4 receive optical specifications
Table 95-7—100GBASE-SR4 receive characteristics
Description Value Unit « [ Formatted Table

Conditions of stressed receiver sensitivity-conformance test:®

(Note to reader: red, green and purple and yellow highlighting show text of interest, teal and magenta
show insertions and deletions)

95.8.8 Stressed receiver sensitivity

Stressed receiver sensitivity shall be within the limits given in Table 95—7 if measured using the method defined
by 95.8.8.1 and 95.8.8.5, with the stressed receiver conformance-test signal at TP3 as described in 95.8.8.2.

95.8.8.1 Stressed receiver conformance test block diagram

A block diagram for the stressed receiver conformance test is shown in Figure 95-5. The patterns used for the
stressed receivedr test compliance-signal are specified in Table 95-10] The eptical-stressed receiver test signal is
conditioned (stressed) using the stressed receiver methodology defined in 95.8.8.2, and has sinusoidal jitter
applied as specified in 95.8.8.5. A suitable test set is needed to characterize and verify that the signal jused to test
the receiver has the appropriate characteristics.

{Fhe fourth-order Bessel-Thomsen-filterhas-For stress conditioning, a 3 dB bandwidth for the fourth-order

Bessel-Thomson filter of approximately 19 GHz_is suitable. The low-pass filter is used to create I1SI. The low-
pass filter, when combined with the E/O converter, should have a frequency response that results in at least the

appropriate-level bf stressed eye closure (SEC) given in 95.8.8.2 before the sinusoidal terms (see below) are
added.

The sinusoidal amplitude interferer 1 causes jitter that is intended to emulate instantaneous bit shrinkage that
can occur with DDJ. This type of jitter cannot be created by simple phase modulation. The sinusoidal amplitude
interferer 2 causes additional eye closure, but in conjunction with the finite edge rates from the limiter, also
causes some jitter. The sinusoidally jittered clock represents other forms of jitter and also verifies that the
receiver under test can track low-frequency jitter. The sinusoidal amplitude interferers may be set at bny
frequency! between 100 MHz and 2 GHz, although care should be taken to avoid harmonic relationships between
the k;inusoidal interferers_ﬁhe%inuseidﬁji&epl, the signaling rate, and the pattern repetition rate. The Gaussian
noise generator, the amplitude of the sinusoidal interferers, and the low-pass filter are adjusted so that the SEC,
stressed eye J2 Jitter, and stressed eye J4 Jitter specifications given in Table 95-7 are met simultaneously while
also passing the stressed receiver eye mask in Table 95-7 according to the methods specified in 95.8.7 (the
random noise effects such as RIN, or random clock jitter, do not need to be minimized).

For improved visibility for calibration, all elements in the signal path (cables, DC blocks, E/O converter, etc.)
should have wide and smooth frequency response, and linear phase response, throughout the spectrum of
interest. Baseline wander and overshoot and undershoot should be minimized.

The stressed receiver eonformance-test signal verification is described in 95.8.8.4.

Stressed receiver sensitivity is defined with all transmit and receive lanes in operation. Each receive lane is
tested in turn while all aggressor receive lanes are operated as specified in Table 95—7. Pattern 3 or Pattern 5, or
| a valid 100GBASE-SR4 signal is sent from the transmit section of the reeeiver-interface under test. The signal
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being transmitted is asynchronous to the received signall. |If Pattern 3lis used with a common clock for the

transmit ane-or receive lanes not under test, there is at least 31 Ul delay between the PRBS31 patterns generated
on one lane and any other lane.

For 100GBASE-SR4 the relevant BER is the interface BER at the PMD service interface. The interface BER is
the average of the four BER of the receive lanes when stressed and at the specified receive OMA: see 95.8.1.1.

If present, the RS-FEC sublayer can measure the lane symbol error ratio at its input. The lane BER can be
assumed to be one tenth of the lane symbol error ratio. If each lane is stressed in turn, the PMD interface BER is
the average of the BERSs of all the lanes when stressed: see 95.8.1.1.
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Figure 95-5—Stressed receiver conformance test block diagram

95.8.8.2 Stressed receiver confermance-test signal characteristics and calibration

The stressed receiver conformanee-test signal is used to validate that the PMD receiver of the lane under test|
meets BER requirements with near worst-case waveforms at TP3.

The primary parameters of the stressed receiver eenformanee-test signal are its stressed eye closure (SEC),
stressed eye J2 Jitter and stressed eye J4 Jitter. The SEC of the stressed receiver eenfermance-test signal is
measured according to 95.8.5, except that the combination of the O/E and the oscilloscope used to measure the
waveform has a fourth-order Bessel-Thomson filter response with a bandwidth of 19.34 GHz, and the yalue of
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ML and M2 in Equation (95-3) is-are set to zero. Stressed eye J2 Jitter and stressed eye J4 Jitter are defined in

95.8.8.3.

An example stressed receiver conformance test setup fis shown in Figure 95-5, however ny lapproach that

modulates or creates the appropriate levels and frequencies of the SEC and jitter components is acceptable.

The following steps describe a possible method for setting up and calibrating a stressed eye-receiver
conformanee-test signal when using a stressed receiver conformance test setup as shown in Figure 95-5:

1

2)

Set the signaling rate of the test pattern generator to meet the requirements in Table 95-7.

With the sinusoidal jitter sinusoidall interferers, sinuseidaljitter—and Gaussian noise generator

turned off, set the extinction ratio of the E/O to approximately the minimum specified in Table 95-6.

3)

The required values of SEC, J2 Jitter and J4 Jitter of the stressed receiver eenformanee-test

signal are given in Table 95-7.

Each receiver lane is conformance tested in turn. The source for the lane under test is adjusted to supply a signal

With sinusoidal jitter, sinusoidal amplitude interferer 1, sinusoidal amplitude interferer 2,
stnuseidaljitter-and the Gaussian noise generator turned off, at least 2.5 dB of SEC should be
created by the selection of the appropriate bandwidth for the low-pass ffilter]. Any remaining
SEC must be created with a combination of sinusoidal jitter, sinusoidal interference, and
Gaussian noise.

Sinusoidal jitter is added as specified in Table 95-11. When calibrating the conformance
signal, the sinusoidal jitter frequency should be within-between the-10-50 MHz fe-and 10
times LB as defined in Table 95-111, avoiding harmonic relationships between the sinusoidal
jitter, the sinusoidal interferers, the signaling rate, and the pattern repetition rate. Sinusoidal

jitter amplitude may be calibrated by measuring the jitter on the oscilloscope, while
transmitting the square wave pattern, and using a clean clock in place of the CRU to trigger
the oscilloscope.

—~The

Fns%aﬂeeus—b%&&h%%age'|itter \introduced by sinusoidal amplitude interferer 1 or sinusoidal

interferer 2 should be re-mere-thanbetween 0.05 Ul and 0.15 Ul each.

Iterate the adjustments of sinusoidal interferers and Gaussian noise generator and extinction
ratio until the values of SEC, stressed eye J2 Jitter and stressed eye J4 Jitter meet the
requirements in Table 957, the extinction ratio is approximately the minimum specified in
Table 95-6, and sinusoidal jitter is as specified in Table 95-11.

at the input to the receiver under test at the “Stressed receiver sensitivity (OMA), each lane (max)” specified in
Table 957, and the test sources for the other lanes is|set to the “OMA of each aggressor lane” specified in

Table 95-7.

95.8.8.3 J2 itter and J4 Jitter

J2 Jitter is defined as the time interval at the average optical power level that includes all but 1072 of the jitter
distribution, which is the time interval from the 0.5th to the 99.5th percentile of the jitter histogram. J2 Jitter is

defined using a clock recovery unit as in 95.8.7. If measured using an oscilloscope, the histogram should include
at least 10 000 hits, and should be taken over about 1% of the signal amplitude. If measured by plotting BER vs.

decision time, J2 is the time interval between the two points with a BER of 2.5 x 10,
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J4 Jitter is defined as the time interval at the average optical power level that includes all but 107 of the jitter
distribution. J4 Jitter is defined using a clock recovery unit as in 95.8.7. If measured using an oscilloscope, the
histogram should include at least 1 000 000 hits, and should be taken over about 1% of the signal amplitude. If
mea;sured by plotting BER vs. decision time, J4 is the time interval between the two points with a BER of 2.5 x
10™.

95.8.8.4 Stressed receiver confermance-test signal verification

The stressed receiver eenformanee-test signal can be verified using an optical reference receiver with an ideal
fourth-order Bessel-Thomson response with a reference frequency fr of 19.34 GHz. Use of G.691 tolerance
filters may significantly degrade this calibration. The clock output from the clock source in Figure 95-5 is
modulated with the sinusoidal jitter. To use an oscilloscope to calibrate the final stressed eye J2 Jitter and
stressed eye J4 Jitter that includes the sinusoidal jitter component, a clock recovery unit (CRU of Figure 95-5) is
required.

Care should be taken when characterizing the stressed receiver test signal because excessive noise/jitter in the
measurement system would result in an stressed receiver test input-signal that does not fully stress the receiver
under test. Running the receiver tolerance test with a signal that is under-stressed may result in the deployment
of non-compliant receivers. Care should be taken to mlnlmlze the noise/jitter introduced by the reference O/E,
filters and any BERT and/or to correct for this noise. ils of a BER scan measurement and test
equipment are beyond the scope of this standard. 4}
the test equipment and apply appropriate guard bands to ensure that the stressed receiver eenformanee-inputtest
signal meets the stress and sinusoidal jitter specified in 95.8.8.2 and 95.8.8.5.

95.8.8.5 Sinusoidal jitter for stressed receiver conformance test

The sinusoidal jitter is used to test receiver jitter tolerance. The amplitude of the applied sinusoidal jitter is
dependent on frequency as specified in Table 95-11.

Table 95-11—Applied sinusoidal jitter
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Frequency range Sinusoidal jitter peak-to-peak (Ul)
f <100 kHz Not specified
100 kHz < f <= 10 MHz 5 x 10s/f
10 MHz < f <= 10 LB? 0.05

LB = loop bandwidth; upper frequency bound for added sinusoidal jitter should be at least 10 times the loop bandwidth of
the receiver being tested.
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