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Introduction

Rapidly increasing worldwide demand for video and data transfer is placing

new requirements for network expansion. Designers are creating innova- Easy-to-use compliance
tive network elements that allow up to 100 Gb/s, which will be delivered application that enables
using four lanes of 25-28 Gb/s. Extra challenges abound when transferring you to:

these signals on printed circuit boards, even for short distances. The

Implementation Agreement for Optical Internetworking Forum Common — Quickly set up equipment and
Electrical Interface (OIF CEl) 3.0 specifies the tests and limits for these make transmitter measurements
devices. — Test your device to compliance

) or chosen limits
These parameters can take a full day when characterized manually, and

the recalculation of factors and CTLE values adds to the time the designer - Debgg your device using custom
spends on testing. Keysight Technologies, Inc. has created the N1012A OIF configurations

CEl 3.0 Compliance and Debug Application for you to simplify measurement — Remove effects of cables and

of these transmitter parameters and to obtain full results to test limits in a fixtures

few minutes. This will keep you focused on getting your products to market
knowing that your results are built on the heritage and consistency of
Keysight measurement technology.

— Automatically determine optimal
value of CTLE Peaking

— Generate reports to share with
others



Transform Complexity into Simplicity

Satisfying the broad requirements of

the OIF CEl 3.0 and VSR Imol ati Characteristic Symbol MIN TYP MAX UNIT
e - an mplementation Baud Rate T-Baud 19.90 28.05 Gsym/s

Agreements can be very complex.

The data rates for each interface Output differential voltage T_Vdiff 800 1200 mVppd

have a range, rather than a fixed rate Differential resistance T_Rd 80 100 120 Q

common to many standards. The test Differential termination resistance  T_Rdm 10 %

list between each OIF CEl interface mismatch (see table 1-3)

varies as do the test limits; some limits Output rise and fall time T Tt 8 ps

depend upon previous measurements (20% to 80%)

Bo p.erform thedflnal callcfulatlonls. Common mode noise T_Ncm 12 mVrms
eS|gners need to S?tls Y reqmrgmepts Differential output return loss T_SDD22 -6 dB

on highly-advanced integrated circuits,

host boards and modules when operat- Common mode output return loss ~ T_SCC22 -4 dB

ing over long, medium, short and very Output common mode voltage T Vem -100 1700 mV

short reaches. An extract from the
28G-SR specification table from the
CEl 3.0 Implementation Agreement is
on the right.

Hosts and modules have unique
interface connectors and require
compliance boards to enable connec-
tion to test equipment as shown here.
Designers endeavor to minimize the
trace lengths on the compliance
boards and cable lengths.
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By pairing your test fixture or compli-
ance board with the 86100D, 86108B
and N1012A software, you will have
the simplest and most powerful
solution available to optimize your
designs and offer the best products to
customers. Phase trimmers and a pair
of cables complement your set up for
the most consistent and accurate
measurements. You can easily remove
the effects of cables or fixtures
through intuitive Configure choices.

Development and characterization of
advanced integrated circuits is time-
consuming and expensive. Designers
utilize test boards similar to the one

on the right to fully characterize their
parts for use in their own circuits or

in their customer’s circuits.




Debug and Verify Your Designs Quickly and Easily

Choose Your Hardware

Configure your oscilloscope for a single
module (on the right) or multi-module
(listed in ordering guide). Connect

your device through the recommended
phase trimmers and you now have
access to measurements with intrinsic
jitter as low as 45 fs. Also have the
PNA available for return loss and
differential to common mode
measurements.

Configure Your Measurements

Customize parameters that are
specific to your set-up such as baud
rate and attenuation. Use default
values or enter your own for settings
such as number of samples or patterns
taken and peaking for CTLE. Choose
Normal mode to test within compliance
limits and choose Debug mode to test
to your custom limits.

Select Any CEI' 3.0 or VSR
Interface

The N1012A OIF CEl Compliance
Application covers all eight CEl 3.0 and
VSR interfaces, which include rates
from 4.9 Gb/s to 28.1 Gb/s. Click on the
desired interface and the appropriate
tests are offered in Select Tests.

Phase Trimmers ==
(recommended)

Tranzmitter

"SetUp | SelectTests Configure | Connect | Run Tests | Automation | Results | HemiReport |

Mode: (* Complisnce  Debug
Activate/Refresh Limit Set.., ] Active: (User Defined)

= All Tests
@ Baud Rate (106+09)
@ Channel Attenuation {3}
@ CTLE Peaking for VSR (1)
@ MNumber of Patterns for Jitter (4)
@ Patbern for Jtter in 657116 Interfaces (PREST |
@ Predsion Tmebase State (0n)
@ Samples Taken [250,000)
@ J5A State (On)

Settings For: Baud Rate
Select orbype in a value:

=

Baud Rate: Enter data rate in symbals/second.
Faor example, 10.5 Gsym/s would be entered a5
10503 or 10500000000,

This rate is used o perform the initial lock of dock
FECOVEry,

Here are the data rate ranges for each interface:
SG-SRAR: 4.978 to 6.375 Geym|s

LIG-SRJLR/MR: 9,95 to 11,2 Gaym/s
25GLA: 19,90 to 25,80 Gsym/s

28G 5R: 19.90 to 28.05 Gsym/s

285G VSR: 19,60 to 28,05 Gsyms

This apphcation works for data rates betwesn 4.5
Gbys and 22 Gb/s.

SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Results | Himl Report |

User Comments |
Test filker: = Al Tests

CE16G-LR = Long Reach
CET 8G-3R - Short Reach
CET 11G-LR MR - Lang and
CET 11G-5R - Short Reach

CEI28G-5R - Short Reach

Medium Reach

CE1 20G-V5R Host to Module at TF1a
CET 28G-VER Madule to Host &t TP4

L
L
i
i
™ CF1 25G-LR - Long Reach
-
K.
-
(i

Utilities




Debug and Verify Your Designs Quickly and Easily (continued)

Choose from Over 115 Tests

All tests required for each of the eight
interfaces are available. You may click
on all tests, a group of tests or indi-
vidual tests. The full test name appears
in the test list, and also is shown in the
test results and reports. A description
of the test and reference to the CEl
Implementation Agreement are shown
for each test.

Measure Challenging
Parameters Fast

Simply follow the steps and click Run
Tests. The N1012A and the DCA will
automatically measure your device.

Use a wide range of modules

such as the 86108 and N1045A.
Characterize jitter for PRBS31
signals with integrated Option 401.
Remove the effects of cables and
fixtures by using convenient
Configure choices.

‘setUp SelectTests | Configure | Connect | Run Tests | Automation | Results | titmi Report |

B[]0 AlTests
E-[J < CEI 28G-VSR Host to Module at TP 1a
B0 EyeTests 286-¥5R HaM
| TAE O Baud Rate, 20G-VSR H2M
E-F C Waveform Tests 23G-¥5R H2M
Qutput Common Mode Yoltage, 28G-VSR H2M
B Transmitter Common Mode Noise, 28G-VSR H2M
 Transition (Rise) Time, 28G-V5R H
B Transition (Fal) Time, 28G-VSR Ha2M
[ O Cifferential k% Voltage, 28G-VSR HIM
Eve OperingTests 20G-Y5R HIM
B O EW1S, 2G-SR HaM
| E O EMLS, 28G-VSR HIM
EH-F C Retun Loss Tests 28G-VSR HaM
E-[JC Resstance Tests 28G-VSR H2M

L]

i

Test: Baud Rate, 2BG-VSR HZM

Pass Limits: 19.60Gsymbols(s <= Baud Rate, 38G-VSR HIM <= 28,05Gsymbols /s
Deacription: Mumber of symbols per second, where a symbol can consist of more than one bit.
Reference: CEI Draft 1A 7.0, 1.3.2

Wiveforms and Jitter Comsections

Phasze Timmers ==
[recommended)

Transmitter

Plexse follow these steps.

1) Set wp vour equpennt sed cables as showa

) Connedt your device

3) Set devize wo dewed data sals

4) St device to generzbe the appropriabe CEI pattern
2 Click bebow to contmne tests

i Pats | I seans s comacion omats




Debug and Verify Your Designs Quickly and Easily (continued)

Obtain Concise Compliance
Report

Users and customers are interested in
the performance of your device. Share
a report that shows the test conditions,
summary of pass/fail, summary of all
tests, and details for each test. Many
include an appropriate screen shot of
the measured parameter.

See Device Performance
in One View

In a few minutes, you'll have test
results showing which parameters
passed or failed, and the margin
compared to limits. These results will
provide immediate insights into how
you’ll need to improve your design to
meet the challenging tests in the CEl
3.0 Implementation Agreements.

Control Your Device or
Other Equipment

The Automation tab enables you to
enter commands to control external
devices or equipment, and to further
sequence your tests or to control
timing.

‘SeiUp | selen Teos | Comtgure | Conrect | Run Tests | Autoraston | mazuts Wi Report |

AN KEYSIGHT

User Defined OIF_CEI.3_0 Test Report
Overall Result:

futod Bl

Passed 12

Tow 12
| Warsing| <2%

0%

T ——— N B ——
e Ty mmmmiem e ek vt
Faa 1 |Eaimms 11558 BT (1008 % vALVE » 20008
X |1 " |Cuteus Conmen Mee Votias 11G-ER - [S0rvy em VALLE en 35500
[ — L
b 1 [Uncssied Usteded Qoension Jier 13045 0.0 08 W VALK - 05501
[0 |1 |ouvCrce Dwmens, 1G58 = 367 % VALt o= 00500

' setup | select Tests | Configure | Connect | Run Tests | Automaton Resuits | Hml Repert |

Test Name | Actual val | Margn | Pass Limits

- Beud Rate, 116-5R 10,00 41% 9 <m VALLE <m 11
/ Rise Time, 11G-5R ALt 733%  VALLE > 24.0ps

+ Fall Tme, 116-5R 7.9 180.8% VALLE > 24.0ps

 Dutput Differential Voltage, 116-5R A70mV 26.6%  I60mY <= YALUE <= 770wV
A Output Common Mode Voltage, 11G-5R. ~1mV S0mV <= VALUE <= 3.550V

- Transmitter Common Mode Nose, 116-5R 44y 0.7%  VALLE <= 15.0mV

{ Uncormelated Unbounded Gaussian Jtter, 116-5R 0.06UT 60.0%  VALLE <=0.150

o Totsl Ntter, 135-58 0.256U1 147% VALLE <= 0,31
/MC'NEIZB\I:(IEI!. 11G-5R 0.095u1 36.7% VALLE <=0.15U1
& Uncormelsted Bounded High Probabilty Jtter, 116-58 0,20501 OUT <= VALLE <=0, 15LT

+ Jtber Transfer Bancwidth, 116-5R EX A38%  VALLE <= 8,00z

4 Jitter Transfer Peaking, 116-5 B00mdE 00%  0.00d8 <=VALLE <= 1.00d8

| Details: Rise Time, 11G-57

o Tral 1]

Parameter F Vale

Pass Limits > 24.0ps Rise Time, 11G-5R
Parameter Tested  Rise Time, 11G-5R

Actual Yahe 4L.6os

"SetUn | Select Testa | Configure | Connect | RunTests  Automation | Reauts | Hemi Report |

Execute

commands from: & Script © Files Start I Settings... I

e o

Save A |

Try a command: I

Response:

Create Automation Commands
Create: & Single Command ¢ Entire Script

1.Sel .

1abor d desired
Set Lp | Select Tests | Corfigure | Cornect | Aun Tesis | Fle Menu |

 Click Radio Bution ¢ Select Existing Value from Combo Box
" Click Chack Ba " Enter New Valus In Comba Bas (if sccepts wsser taxf)
© TypeinTextBeax © ConnectApp to External Instrument

[] b

I” Include Instrsctions As Comments (lines starting with #]

Copy To Cliphoard |  Append ToSeript | More ko corcel |

<enter>




More Features to Further Streamline Your Development

Configure Your Solution in
Many Ways

The hardware and software architecture
provides wide flexibility. You may
install FlexDCA and the N1012A on the
oscilloscope, both on your PC or split
between them. This enables you to use
your PC for more processing power
and other applications, or to have all
measurement capability consolidated
into a compact solution. The PNA can
be controlled by the PC or by the DCA

Choose CTLE Peaking
Automatically

Enjoy the convenience of the N1012A
determining the optimal value of CTLE
(continuous time linear equalizer)
peaking, which is required by the

CEIl 28G Very Short Reach for the
Host-to-Module interface. The values
for gain, zero and poles are calculated
for you and used in the optimization.

i Dgpeegran: | Tres uosty susmemnin otvdl Gyl wdF 3990 PRGAL 350 Se30TE 1% wdkoah o CTLE Pasesg: 80 188 vl o) Pacay o Covligs. |
| WP ey i ik ot 113 5 68 TP w1 o0 2 88,
 [Pass Limaisr 7108 12 540 | [Valie o pasking for apimal ye with and hesght cpening 22t |

.HHIuII Deetails

PV P )
[For CTLE Peaking of_+iE | [> EW1S meeksured 0 £15L | [~ TG meagured 21501 |
Iﬁmmlﬁm‘uwl ﬁm =0

=

For CTLE Peaking of




More Features to Further Streamline Your Development (continued)

Conveniently De-Skew Your
Cables

Skew between the true and comple-
ment signals can degrade your mea-
sured performance. While you need

to characterize performance with DUT
skew included, the N1012A guides you
to quickly de-skew your cables for best
results.

Measurement
AT[+1Mid,-1Mid]

....0r Manually Select the
CTLE Peaking

The CEl 28G Very Short Reach Module-
to-Host interface requires a peaking
value of 1 dB or 2 dB. Select the value
from the manual utility. Whether auto-
matic or manual, you'll put your best
eye forward for your customers.




Characterize Over 115 Parameters

The OIF CEI 3.0 Implementation Agreement includes many challenging tests. The table below shows each of the six
present interfaces plus the 2 VSR interfaces that have reached at least Draft 10, and the tests that are required by these
Implementation Agreements. The N1012A measures all of these parameters; empty cells indicate that parameter is not
required for that interface.

Parameter CEI CEI CEI- CEI-11G- CEI- CEI- CEI-28G- CEI-28G
6G-SR 6G-LR 11G-SR  LR/MR  28G-SR 25G-LR VSRH2M VSR M2H
Baud rate 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1 13.1 13.1
Rise times / fall times 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1 13.3.2 13.3.3
Differential output voltage 741 8.3.1 9.3.1 10.3.1 11.3.1 13.3.2 13.33
Output common mode voltage 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1 13.3.2 13.3.3
Transmitter common mode noise 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1 13.3.2 13.3.3
Eye mask 6.4.1 741 8.3.1 9.3.1
Uncorrelated unbounded Gaussian 8.3.1 9.3.1 10.3.1 11.3.1
jitter (RJ)
S Uncorrelated bounded high 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1
2 probability jitter
§ Duty cycle distortion 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1
§ Total jitter 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1
‘é UUGJ — FIR off and on 121 121
UBHPJ — FIR off and on 12.1 12.1
DCD — FIR off and on 12.1 121
Total jitter — FIR off and on 12.1 12.1
Eye width (EW15) 13.3.2 13.3.3
Eye height (EH15) 13.3.2 13.3.3
Vertical eye closure 13.3.3
Jitter transfer BW 8.4
Jitter transfer peaking 8.4
Differential output return loss 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1 13.3.2 13.3.3
< Common mode output return loss 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1
8- CM to differential conversion loss 13.3.2 13.3.3
Differential to CM Conversion Loss 13.3.2 13.33
= Differential resistance 6.4.1 741 8.3.1 9.3.1 10.3.1 11.3.1
g Differential termination mismatch 8.3.1 9.3.1 10.3.1 11.3.1 13.3.2 13.3.3

(1 MHz) (1 MHz)




Choose Industry-Leading Solutions

Keysight offers a wide range of electrical and optical test solutions to address current and emerging communications
standards. For OIF CEl 3.0 and VSR, you may choose a solution that covers only the lower data rates or choose a solution
that covers all rates; these are separated into columns in the table below. Each row shows the recommended configuration
of hardware and software to measure the many parameters. The multi-module approach is useful for designers that may

already own a mainframe or module.

Oscilloscope mainframe

CElI 6G-LR/SR

CEl 11G-LR/MR/SR

86100D DCA-X

86100D-ETR Extended trigger
86100D-200 Enhanced jitter analysis
86100D-201 Advanced waveform analysis

CEI 6G-LR/SR

CEl 11G-LR/MR/SR
CEIl 25G-LR

CEI 28G-SR/VSR

Single plug-in module

86108A
86108B LBW/232

86108B HBW / 232

@

=

]

S Multi-module 86112A, N1045A, or 54754A N1045A, 86117A, or 86118A-H01

% 86107A, any option 86107A, any option

= N4877A-216 N4877A-232

(%]

= Software FlexDCA software, A.02.02, or later

E N1012A

S 86100DU-400 for Jitter Transfer

= 86100DU-401 for PRBS31

:Ea Keysight 1/0 Libraries, 16.3 or higher

a
Matched cable set (1) 86108B-CA3 86108B-CA2
Phase trimmers (2) 86108B-PT3 86108B-PT2
DC blocks (2) 86108B-DC3 86108B-DC2
Pick-offs (2) N4915A-015 N4915A-015

Performance network analyzer

N5230C 140/145, N5241A or other 4-port
PNA's greater than 13 GHz
PLTS Studio N1930B

N5224A, N5244A or other 4-port PNA’s
greater than 32 GHz
PLTS Studio N1930B

Impedance analysis

For VSR: 4294A or E5061B

e 00k |
& o0 ovlolel

Keysight Technologies Oscilloscopes
Multiple form factors from 20 MHz to > 90 GHz | Industry leading specs | Powerful applications

10
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myKeysight
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