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Target High-Speed Digital Applications

Consumer Computing Datacenter/ Communications Aerospace/
Mobile Front Side Bus Cloud Longhaul, Access, Defense
Digital Video Memory Bus /O Server Storage LAN] Wireless Backbone Radar / Sat. Comm

HIAEaa R R R TIRERRNN

R

17Tb 400G/1T Coherent Radar Calibration

WLAN AHB T 100G Ethernet WiGig OC7ea & RecelverTesting
Key Multi-Gigabit - QPI Fike Channel 10G|Ethernet  XFP MLy =g
Technologies e mmWave
» pp USB 3.0 SATA apg CE Sat. Comm
HDMI PCI Express pon ©OFDM Sigint
SD UHS-I EW

Cloud computing drives datacenter build-out

- Network bandwidth deploys 100GbE and 400GbE electrical on-board
and optical off-board
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Market Segments According to Standards

Parent market; data center

Addressed by { 10 GbE 10 GbE

N4917A I LR 10G/16G
ORST I | t
Solution (SM) (SM) Ine rates

\ NRZ

/

|

|

\

Market Cluster: 25/28/32G
N4917B 25/28G
ORST Sl\l/loo SIS0 line rates
Solution NRZ
o

56G

: 400 GbE Market Cluster: 56G 256 GFC PAM4 line

o J rates
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Application in Data Center ex Line Card

Main installation so far:
100GBASE LR4/ER4
* SP transport
* Routing

(Router to WDM, RtoR)
Usage in true data center
very limited so far

Rack internal typically MM SR

= Top of rack aggregation layer
typically MM or SM depending
on distance

» |nter data center SM LR/ER
type standards

= Edge router to external internet

coherent for metro LR or LH
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Architecture of the 100GBASE-LR4/-ER4 TX/RX Path

Only one direction shown

Retimer Retimer
function function
(part of (part of
PMA) Patch TP2 PMA)
\ cord
Lo ' Optical Optical | Lo
- X transmitter receiver [ TH -
: o | | :
Ly . . | [ oOptical Optical | | L
.', ,T transmitter x é receiver |.I X >
o S O gs| i
Ly | Optical . Optical ! Optical > 1Ly
-'. ] transmitter ! fiber cable g receiver | | ’
PR | ! N N
3 . Optical ' ' Optical : L3
— %™ transmitter + rer?eiver Bl
o MDI MDI | T
: : SIGNAL_DETECT
I For clarity, only one direction of [ -
PMD service transmission is shown PMD service
interface interface
Source: |IEEE 802.3-2015, Clause 88.5, Figure 88-2
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What is “Optical Receiver Stress Test"
Parameters of stressed optical eye at TP3

Ao OMA

Vertical Eye Closure Penalty @ TP3

12 Jitter
« R VECP = 10 log;, OMA
Ao
J9 /)4 Jitter
Glossary:
OMA:  Optical Modulation Amplitude, measured in [mW] (difference between one level and zero level)
ER: Extinction Ratio, measured in [dB] (ratio of one level to zero level)
VECP: Vertical Eye Closure Penalty, 10x log OMA/Ao, measured in [dB] (Ao is innermost eye opening with ISI)
ul: Unit Interval (one bit period)

J2,J4,J9: Time interval that includes 1-10 -2 ¢4 (9) of the total Jitter components.
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IEEE 802.3 clause 88 requirements (-LR4/-ER4)
Clause 88 refers to clause 87 (40GBASE-LR4/-ER4)

» Receiver sensitivity is informative
Receiver sensitivity, which is defined for an ideal input signal, ...

» Stressed receiver sensitivity is normative !

100GBASE-LR4_| 100GBASE-ER4

Average receive power, each lane (max)

Receive power, each lane (OMA) (max)

Stressed receiver sensitivity (OMA), each lane f (max) -6.8 -17.9 dBm
Conditions of stressed receiver sensitivity test
Vertical eye closure penalty f each lane 1.8 3.5 dB
Stressed eye J9 Jitter f each lane 0.47 ul

Source: IEEE 802.3-2015, Clause 88.8, Table 88-8
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J2/J9 and VECP Definition

Vertical eye closure penalty = mlogloOj{A
Ao

(dB) (87-1)

where

Ao 1s the amplitude of the eye opening from the 99.95th percentile of the lower histogram to the 0.05th

percentile of the upper histogram

OMA 1is the optical modulation amplitude as defined in 87.8.5
Vertical eye closure histograms

Jitter histogram (at waveform (at time-center of eye) Approximate OMA (difference of
average., may not be at waist) means of histograms)
P+
N I
Ao OMA
Po
39 o |
J9 = time interval between points at BER = 2.5E-10
- — i i ; —
J2 J2 = time interval between points at BER = 2.5E-3
N4917B Optical
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100GBASE-LR4/-ER4 and it's MSA's
Variants refering to IEEE 802.3 clause 88 with modifications

Parameter 100GBASE- 100GBASE- CLR4 CLR4 CWDM4 PSM4
LR4 ER4 w/o FEC w/ FEC w/ FEC w/ FEC

Stressed receiver

sensitivity, OMA -6.8 dBm -17.9 dBm -5.6 dBm -8.5dBm -7.3dBm -8.8 dBm
NSRBI S 1.8 dB 3.5 dB 1.95 dB 1.95 dB 1.9 dB 1.9 dB
closure penalty (min)

Stressed eye J4 Jitter 0.48 Ul 0.48 Ul 0.39 Ul
Stessed eye mask 0.39,0.5,0.5, 0.24,0.5,0.5,
Definiton . xz, xs, v1, 2, v3) 0.39,0.39,0.4 0.24,0.24,0.4

No guarantee for correctness of parameters, standards may evolve!
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Optical Differences Between PSM4, LR4, SR4

Only one direction is shown

o AEER

100GBASE LR4/ERA4,
. CWDM4, CLR4
1
—».4“44 '“ }
—’- B 7y >
—_ B >
0 >

—

—

., 4)i-1lane
-~ 1300nm band

.

" 1xr-4lanes
- " 1300nm band

— 1A —-4lanes

I 850 nm band

100GBASE-SR4
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IEEE 802.3 Clause 87/88 Stressed RX Test Setup

Generation of electrical stressed test signal

Pattern Generator:
Generates the test pattern

Frequency synthesizer:
Creates sinusoidally jittered clock, periodic jitter (PJ)

Sinusoidal Amplitude Interferer 1:
Causes bhit shrinkage (DDPWS) in conjunction
with limiter

Gaussian Noise Generator:
Causes random jitter (RJ) in conjunction with limiter

Sinusoidal Amplitude Interferer 2:
Causes additional vertical eye-closure (VECP)
and sinusoidial jitter (SJ)

Low-pass filter:
Creates ISl-induced vertical eye closure (VECP)

KEYSIGHT
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( Frequency \
synthesizer TP4<0:3>
FM input %
Clock -
source Receiver
under
Sinusoidally jittered clock test
Test-pattern
generator ~&—Test pattern % P3
I
. Optical
‘ Stress conditioning attenuator
Fourth-order
Bessel-Thomson filter %
Sinusoidal amplitude Optical
interferer 1 multiplexer
A A AL
Modulated test
o F\J Sinusoidal amplitude sources for
interferer 2 other lanes
\ Low-pass filter
\ & J
Tunable E/O
converter for Signal ch A
lane under test ignal characterization measurement
| Reference -
=1 receiver | Oscilloscope
_>
= Data in
BERT
Clean .
—1  clock | Clock in

Figure 87-3—Stressed receiver conformance test block diagram
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IEEE 802.3 Clause 87/88 Stressed RX Test Setup

Calibration of optical stressed test signal

Tunable E/O:

Tunable laser source to cover 1295-1310 nm
Reference Tx (MZ modulator)
Attenuator

Reference receiver:

Optical to electrical converter with BT4-filter response
and reference frequency f, = 19.4 GHz
Oscilloscope:

Use clean, un-jittered clock to verifiy stressed signal

KEYSIGHT
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Frequency
synthesizer

FM input

Clock
source

Sinusoidally jittered clock

Test-pattern

generator <% Test pattern

* Stress conditioning

Fourth-order
Bessel-Thomson filter

Sinusoidal amplitude
interferer 1

Sinusoidal amplitude
interferer 2

B

\ Low-pass filter

¥

TP4<0:3>

!

Receiver
under
test

* TP3

Optical
attenuator

}

Optical
multiplexer

A A A

Modulated test
sources for
other lanes

Tunable E/O

converter for
lane under test

Signal characterization measurement

Reference —
receiver " | Oscilloscope
_b.
= Data in
BERT
gllgg:: = Clock in

\

Figure 87-3—Stressed receiver conformance test block diagram

Receiver Stress
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IEEE 802.3

Generation of Electrical
stressed test signal

Generation of Electrical
amplitude interference

Generation of Optical
stressed test signal

Stressed eye calibration
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Frequency
synthesizer

FM input

Sinusoidally jittered clock

Test-pattern
generator  [<% Test pattern

Y Stress conditioning

Fourth-order
\ | Bessel-Thomson filter

Sinusoidal amplitude
interferer 1

o ,’\/ Sinusoidal amplitude
interferer 2

\ Low-pass filter

Clause 87/88 Stressed Rx Test Setup

TP4<0:3>

o

Receiver
under
test

TP3

Optical
attenuator

}

Optical
multiplexer

v

J

A A A

Modulated test
sources for
other lanes

Tunable E/O

converter for
lane under test

Signal characterization measurement

- Referf:nce - -
receiver Oscilloscope
— -
| Data in
BERT
Clean .
clock - Clock in

Figure 87-3—Stressed receiver conformance test block diagram

IEEE 802.3 — clause 87/88 proposed test set up
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Typical Stressed Rx Test Setup — LR4 DUT test

GPIB I

81160A Pulse Function Arbitrary Generator

out 1 (+)
[ ]
82357A
USB/GPIB
UsE GPIB
M8020A BERT 8164B LMS
M8062A 81490A Ref Tx 81577A Atten
A J
CInClk DataOut DataOut Interference DataIn  Output IEpul Output
Out InCM e > b
®
Input
A
________ Ou 'put
Sync In Data In1  Data In2 Clk In 81600B TLS
A A A A

[ ] [ ] [ *
Sync Out Ch.1Data Ch.2Data Clk Out

Out QOut

M8041A

KEYSIGHT
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Mux

(optional)

— (ﬁ
)\1 -
)\2 -_
)\3 -
Ay
— \_N7764A _J
PC
{running
MB070A BERT SW
and running
use Stressed Eye
Measurement SW)
LAN
LAN
86100D DCA-X
86105D 86107A
Optical  Electrical
Input Input
> * 10/20 GHz
Trigger Input
Input r 3
11636B
Spitter
p—)

T

v
DeMux

X1

TX 2

TX3

X 4

RX 1

RX 2

RX 3

RX 4
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Challenges with IEEE 802.3 Stressed Rx Test Setup

Typical issues faced with standard compliant test

U Test setup requires many different instruments operating seemlessly together.

0 Standard details for characterization are referenced to various other parts
within IEEE 802.3 making it difficult to cover all points.

0 Optical stress parameters to be achieved are inter-dependent and therefore
are not straight forward to set.

4 LINbO4 based E/O converter is a device that drifts with temperature and
operating conditions, requiring additional means to achieve repeatable and
stable optical stressed eye.

0 Knowledge about optical test is required to cope with polarization effects in E/O.
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Instruments for Optical Receiver Stress Test Solution

Signal Generator
81160, MXG or PSG
as Sl source

J-BERT M8020A |

with M8062A -
32 Gb/s Front End

= BER < 10%?

(full sampling with

E/O 81490A-E05/09
Attenuator 81576/7A,
Tunable Laser 8160xx

DCA-X:
86100D, 86105D

KEYSIGHT

TECHNOLOGIES

- recovered clock) I, = _D:JT_- O—p t; aT R—X —_—

Q-- - "l\ (CFP2/CPAK) '
’

= e ==t - o o o e . o -

1 of 4 lanes @

! optical  25.78 Gb/s

_7 stressed signal
- to DUT (SM)

to DCA-X
for calibrating

signal and
checking setup
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Typical Functional Block Diagram (with M8062A)

GPIB I

81160A Pulse Function Arbitrary Generator

82357A
USB/GPIB
GPIB
81648 LMS
81490A Ref Tx 81577A Atten

Data In  Output

Input Output
o

3" 8

Out 1 (+)
[ J
use
M8020A BERT
MB8062A
ClnClk "DataOut Data Qut Interference
Ogt In CM
8Z
2
Sync In Datalni Dataln2 ClkIn
A A A A

[ ] [ ] @ L ]
Sync Out Ch.1 Data Ch.2Data Clk Out
Qut Qut

M8041A
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Input

0u+p ut

81600B TLS

UsB

Controller PC

|O Libraries
M8070A BERT SW
N4917B OSRT SW

LAN

LAN

86100D DCA-X

{optional)

86105D 86107A
module
Optical Electrical or
Input  Input Internal
Precision
Input | A
A |
]
| 116368
T Spitter

T
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User interface

s Stressed Eye Measurement System ’E] @ | @
File Setting Help
Stressed Eye |Jitter Confomance | Jitter Performance |
TagData Measurement Results '
ExtinctionRatio [dB] 4.1000 VECP [dB] 17444
C al | b rati on targ etS blic\Documents\N4317B\Parameter\Eye-LR-L0E  Open file 52 [Ulpp] 0.3000 JS  [Ulpp] 0.4700
from I E E E 802 3 iblic\Documents‘\N4917B\Results\Eye_LR-L0.cs\ Setfile OMA [dBm] -1.489
Adjustment Results
Measurment ltems Data Amplitude [Vpp) 0.2700 Sl Amplitude [Vpp] 0.1844
Adustmeys: SIS orget L PJ2 Amplitude [Ulpp] 0.1401 RJ Amplitude [Ulrms] 0.0100
ExtinctionRatio [dB] 2 ¥ [0:25 Optical Power [dBm] 217
VECP [dB] v [1.8 [os
J2 [Ulpp] 7 | Jo3 [0.005 B \é
49 [Ulpp] v [0.47 [0.02
(Adjuslmenk Items \ ﬁi: n
Data Amplitude [Vpp] [D.ZTDD | N
Sl Amplitude  [Vpp] [0.1844
PJ2 Amplitude [Ulpp] [01201
RJ Amplitude [Ulrms] [0.0100
Parameter Entry
Optical Power [dBm] |-0v9453057 Peraing of optical power meter on ATT
OMA [dBm] [68 I Bxecute
PJ1 Freguency [MHz] [10
PJ1 Amplitude [Ulpp] [0.05
PJ2 Frequency [MHz] [100.07
Sl Frequency [MHz] |150.13
Data Pattern [PrBSS _vJ
BitRate  [Gbps] [2578125 |
Wavelength  [nm] [1295.56 \

\_

i

Start(S)

/
Other optional
parameters to
modify

KEYSIGHT
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CTT=T=]

Optical stressed " iR
eye, on DCA-X

0.

\

Results from
calibration procedure

Optical stressed eye,
loaded from DCA-X
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Unstressed Optical Eye Performance

Eye/Mask
-

Waveform |

=
.

RJ/P] Histogram TJ Histogram
Extinction Ratio

our

70.0 mu1

our
DDJ Histogram Composite TJ Histogram

1 I iLLlhmlhlmeﬂdldmmlL.J,J | .
-36.0 mur our 36.0mul ] 100.0 mit
IC ) Jitter > ) Waveform
Bl vveasurement Current S €D Rate:
e e 9: 199.5 mul| 12: o15muUl| | A
. 0 .13
Eye Ampl T7zan p - T3 (2.56-4): +180mUl DI (5 - 8): 440mul
Rise Time 2283ps RJ (rms): 12.88mUl P (5 - 8): oul
DDJ (p-p): 71.0mul DCD: 72mul | o
OCEEEEE @ e I o Yo Joon =
[ Acquisition Frame Trigger || Pattem Timebase ® | Acquisition
Full Patter: Src: Front Panel Jitter Mode
‘ 176 100.0 mvf ‘ =i godtlugwﬂed o 178 uiw/ ° 100.0 mv/ ’—‘ Ac:\'isrﬁnr\
. 450. ov | 7_“ | 457.0 W oV 1>/

Pos:
| IPTB: 12.890625 GHz

Clean optical eye: ER = 4 dB, Bessel Thomson (BT-LPF) in DCA-X on
» Provides sufficient margin for standard compliant stress generation

KEYSIGHT
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Stressed Optical Eye as required by IEEES02.3 cl. 88

Jitter/Noise

Eye/Mask

RJ/P] Histogram T1 Histogram

" A

-240 mUT our

Composite T] Histogram
T Histogram

Average Power

ool A MM Wl of e

Crossing %
Waveform

Histogram

Rise Time.

Measurement

Current

| Ext. Ratio

4120 dB

Eye Ampl
Rise Time

TIT2uW
2929ps

470mu1| 32:

mul D] (3 -9):
16.5muUl P (5 - B):

75muUl DCD:

300 mul
275 mul
226.5 mul

3.8mul

Timebase ® Acquisition ||
46 ps/ Full Pattem: On E

‘ o 192 W/ o 100.0 mv/ ] 2406583 ns
4219 W ov e IPTB: 12.890625 GHz

Timebase ® Acquisition Frame Trigger

Jitter Mode: ant Panel

o 192 W/ 100.0 mv/ Acquisition 25.781250 Gbfs
4219 W ov /

Stressed optical eye parameters with
» VECP, ER, OMA, J2 and J9 targets achieved

N4917B Optical
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Jitter Tolerance Test User Interface

\ Stressed Eye Measurement System ol ® =)
File Setting Help
Stressed Eye ltter Conformance | jiter Performance
TagData Measurement Fiesult
- et et Jitter tolerance margin
Adi. result file |C:\Users' Public\Documents \N4917B\Parameter\Eye-LR-L0¢ No. | .Jiter Freq cHz] | Jiter Amp [UI] | Judgement | BER [
Result fil C:\Users)\Public\ Documants \N49178\Resultste_LR-L0. Set il ! 100.000 7500 Pass 1.000E-013 1 1fi
iesult file: ‘ sers \Fublic \Uocuments ! ESUlts \Wic_| csv e 2 242000 3086 Pass eS Ing — uSer Specl Ies
e [ 3 553,000 1.265 Pass
4 1442000 0520 Pass o 0
P B 5 3511.000 0.214 Pas: tt d m I t d
) 6 8545.000 0.088 Pass iter an a ituaes
Set 5 Frequency \Waveform information 7 20801.000 0075 Pass
T — s 8 50632000 0075 Pas d I I t
& Mio  Manual Tewilen 3 123246000 0.075 Pass an manua y enters
Bit Rate [Gbas] 2578125 10 300000.000 0.075 Pass
duto Dats Pattern PRBS31 B E R resu It
SJ Frequency Start [cHz] | [100 Optical Power [dBm] 0.0000
SJ Frequency Stop [kHz] | [300000 Extinction Ratio [dB] 4.0000 -
- 2 ditter Comformarnce
SJ Freguency Points [10 WECP [dB] 1.8000 e
I
S Margin [%) [s0 12 [Ulpp] 0.3000
Ja Ul 0.4700
Manual i)
OMA [dEm] B . .
oo o7 L] " Jitter tolerance margin
[E e Pubic Douments\NA 78 Paramet || | L0212 Amplitude [Vpel 02700 g
S| Freguency [MHz] 150.13 = . -
=
Sl Amplitute [Vpp] 0.1500 o 10U teStlng - USIﬂg M807OA
Power Settingldém] 3
PJ1 Frequency [MHz] 10 = 2 h DUT I a f
oo e o £ wit control Interface
58 P12 Frequency [MHz] 10007 T o
@
) PJ2 Amplitude [Ulpp] 0.1250 E
Data Polarity . =
B P @ [zhe RJ Amplitude [Ulrms] 0.0100 -
Zeraing of optical power meter on ATT
M Execute Jitter Tolerance Measurement
100k ™ TiM TH0M
Jitter Freguency [Hz]
Start(S)

Stressed eye tap for JTOL measurements are semi-automatic.
Alternatively use fully automated M8070A JTOL if:

- DUT can be looped back to M8020A analyzer, or

- DUT Control script used to talk to DUT error counters
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Supported and recommended equipment

BERT:
— M8020A with M8061A/N4877A or M8062A 32 Gb/s extensions

Optics:

— 8164B LMS mainframe

— 81602A-013, 81606A-113, 81608A-113, 81609A-113 TLS
86100B-132 (only recommended if already available at the customer)

— 81490A-EO05 or E09 Ref Tx

— 81576/77A attenuator or external N77xx series attenuators

DCA:
— 86100D DCA-X with internal PTB or with 86107A PTB
— 86105D-281 Elect/Optical or 86115D-282 Optical modules

S| Source:
— 81160A Pulse Generator or EXG/MXG/PSG Signal Generator

Clock Source (optional)
— EXG/MXG/PSG signal generator or external source
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GPIB |

]
81160A Pulse Function Arbitrary Generator Controller PC
uI II'( }I | " u 10 Libraries
Out 1 (+) use | MBO70A BERT SW
L ] N4917B OSRT SW
82357A
USB/GPIB A
Usa GPIB
M8020A BERT 8164B LMS
MB8062A 81490A Ref Tx 81577A Atten
A4
ClnClk TDataOut DataOut Interference Data In  Output Input Qutput
O"t In CM Lg > b LAN
86100D DCA-X
Input
Lt 86105D 86107A
________ 1 b module
- Output
| Bt Optical Electrical or
Sync In Dataln1 Dataln2  ClkIn 81600B TLS Input Input Internal
A A y A | > Precision
| Trigger f Time Base
[J ® (] [ ] Input | A
Sync OQut Ch.1 Data Ch.2Data Clk Out | A
Out Out | }
I |
- - 116368
[ ' M8041A | (optional) Spitter
___________________ —
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