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Agenda

Alntroduction i What is happening with the data center networking standards?

AOutput (Transmitter) Testing Updates i Rob Sleigh
o Optical
o Electrical

Alnput (Receiver) Testing Updates i Steve Sekel
oDeep dive on 802.3 Annex 120E C2M

ASummary & Wrap-up
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State of the ‘400G Class’ Standards (current Generation - 50 G lane rate)

V AEEE 802.3bs 200/400GBaseE Released, Clauses 1217 124, Annex 120D/120E
Medium reach SMF + C2C,C2M PAM4 @ 53.1 & 26.6 Gbaud
V A OIF CEI-56G Released and published in CEI_4.0
5 reaches PAM4 up to 29 Gbaud, NRZ up to 58 Gb/s
A 802.3cd: 50/100/200GBaseE Nearing completion
Short reach MMF. + C2C,C2M, backplanes & cables (Resolving TDECQ measurement issues)
PAM4 @ 26.6 Gbaud
A 64G Fibre Channel Nearing completion
Short & medium reach in MMF & SMF PAM4 @ 28.9 Gbaud (Waiting for 802.3 to resolve TDECQ measurement issues)
A802.3cm 400G in MMF Project start in September
A802.3cn 50/100/200/400G >10 km SMF Project start in September
A COBO version 1.0 Released

(Optical PHY from 802.3bs, Elec. From OIF-CEI-56G-VSR)
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Important note on preleased standards

AVery dynamic (even in the late ballot stages)
ACheck for |l atest dxafmplbamncred tesnimg Opr e

AVerify which draft version any built-in measurements are based on
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Transmitter Characterization
- Optical TX Test
- Electrical TX Test
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Patterns

TEST PATTERNS FOR PAM4 ENCODED SIGNALS DEFINED IN IEEE 802.3BS/CD

_ _ PAM4 Test Pattern
A JPO3A - The JPO3A test pattern is a repeating Pattern Pattern Description Defined in Clause
10,3} sequence (Cl_OCk) Square Wave Square wave (8 threes, 8 zeros) 120.5.11.2.4
I No longer used in 802.3bs/cd. 3 PRBS31Q 1205.11.2.2
4 PRBS13Q 120.5.11.2.1
A JPO03B - The JP0O3B test pattern is a repeating 5 Scrambled Idle 119.2.4.9
sequence of {0,3} repeated 15 times followed by 6 SSPRQ 120.5.11.2.3

{3,0} repeated 16 times (clock with a phase shift)
- No longer used in 802.3bs/cd

A PRBS130Q - The PRBS13Q test pattern is a repeating 8191-symbol sequence formed by Gray coding pairs of bits from two repetitions
of the PRBS13 pattern into PAM4 symbols as described in 120.5.7. (Note: PRBS13Q is different from QPRBS13 defined in IEEE
802.3-2015 (bj) Clause 94). Used for victim channel in TX tests.

A PRBS31Q - The PRBS31Q test pattern is a repeating 231-1 symbol sequence formed by Gray coding pairs of bits from two

repetitions of the PRBS31 pattern defined in 49.2.8 into PAM4 symbols as described in 120.5.7. Used for victim channel in RX tests
and aggressor lanes in TX/RX tests.

A SSPRQ i Short Stress Pattern Random Quaternary.
The SSPRQ pattern is a repeating 21611 PA M4 sy mb ol e
PRBS31. Stressful pattern, but h
Jitter/Noise analysis, etc.). Used for Optical TX test.

ence. Comprised of 4 sequenc
r enough to use advanced anal
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Optical Measurement Differences: NRZ vs PAM4

USE OF FORWARD ERROR CORRECTION (FEC) RESULTS IN MAJOR CHANGES TO TX TEST

APrimary NRZ transmitter tests: APrimary PAM4 transmitter tests:
0 OMA (optical modulation amplitude) 0 Outer OMA
o Extinction Ratio (ER) o Outer Extinction Ratio
o Eye-mask | | o NEW!: No eye-mask
o NEW!: Transmitter Dispersion and Eye Closure o NEW!: TDECQ replaces TDP

(TDEC) replaces Transmitter Dispersion Penalty
(TDP) for new 25G and 50G TX

o NEW! Transition Time (IEEE 802.3

pps el

cd)
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TDECQ

ATells you the performance of your transmitter relative to an ideal transmitter

AFor NRZ TDP, we literally used a BERT to measure the BER performance of the transmitter

compared to an actual (real) golden transmitter
U Determine how much extra power was required at the receiver to compensate for non-ideal performance

AFor TDECQ we indirectly measure SER (symbol error rate) using a scope, no BERT required.
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TDECQ measurement process (from IEEE 802.3bs)

ASSPRQ test pattern (~2716 length)
(Short Stress Pattern Repetitive Quartenary)

Alncludes test fiber dispersion

AOscilloscope noise measured and
mat hematically O0ba

AVirtual 5 tap, T spaced FFE reference
equalizer optimizes eye openings (to
minimize TDECQ penalty).

AHistograms constructed to assess eye
closure relative to OMA and compute an
effective power penalty in dB. This is
the TDECQ result
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Figure 122-4—TDECQ conformance test block diagram

)

Figure 121-5—lllustration of the TDECQ measurement

Reference: | EEE P802. 3bsE/ D3. 5,

1 0t h5, @Rget222 el

201



TDECQ has evolved during the development of IEEE
802.3bs (400G Ethernet) and 802.3cd (50/100G)

AEarly versions

A Optimized virtual equalizer to minimize the
spread of the eye levels (e.g. open up the
eye)

AT/2 spaced virtual equalizer

A Oscilloscope bandwidth a classic Bessel-
Thomson response (BW = 75% of baud rate)

A Measurement made at two time slices
located on each side of the eye center

A Measurement uses ideal decision thresholds
based on OMA

In each case, the changes were made to better
represent the typical system that the transmitter
would operate in. In most cases this is representative
of how real system receivers are expected to operate.

KEYSIGHT

TECHNOLOGIES

AFinal version

A Optimized to minimize the TDECQ penalty
A T-spaced virtual equalizer

A Nyquist scope bandwidth (50% of baud rate) with

Bessel-Thomson response
0 26.56 Gbd: 13.28 GHz (802.3bs), 11.2 GHz (802.3cd)
0 53.13 Gbd: 26.56 GHz

A Measurement time position allowed to be optimized
for minimum TDECQ penalty
A Decision thresholds allowed to vary from ideal

‘&(variation up to 1% of OMA, 802.3cd, likely inclusion

in 802.3bs through a revision project)

A Constraints being considered for preventing
transmitters that are equalizable but likely not able to
operate with typical receivers
(should be finalized in the coming months)



TDECQ Measurement Setup

REQUIRES ACCURATE OPTICAL REF RX AND ROBUST CLOCK RECOVERY DESIGN

Polarization rotator

aYa
PMD I Optical Test
M MV.VEN splitter 1 fiper Ol wiggered
A ozcilloscope Low-noise Ref RX applies

an i 8@rdel 0 4

Reference: | EEE P802. 3bsE/ Di. 5,

. Bessel-Thomson response
10th Oct 2017, Figure 121-4, page 222.
Variable Reference
reflector equalizer and
analysis

26.56 GBd PAM4, SSPRQ

26.562500 GBd 53.125000 GBd 4 T{EQEEEQN = F4 - 53 125 G Bd PAM4’ SSPRQ |

53.125 GBd PAM4, SSPRQ

LEW: 4.000 MHz LEW: 4.000 MHz

CRU (N1078A) Reference RX (N1092A DCA-M)

Screen captures of actual degraded signals used in the N1078A production test process.
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