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Tektronix High-End Solutions Overview

Te'/tromx

Tektronix is a leading T&M company serving
engineering and technical professionals

Founded in 1946, acquired by Danaher in
2007, 2016 a Fortive company

Headquartered in Beaverton, Oregon

Leadership positions in key products
and markets

Highly-respected brand based on high quality
innovative products, engineering excellence
and global service and support

Award winning:

— Oscilloscopes

— Signal Sources

— Spectrum Analyzers

KEITHLEY

A Tektronix Company

Keithley is a leader in precision electrical test

Founded in 1946, acquired by Tektronix in
2010

Headquartered in Solon, OH

Offering instruments and systems to meet
any measurement requirement from
nanovolts to gigahertz

21 R&D 100 awards as well as honors from
Semiconductor International, Solid State
Technology, Electronic Products, Test &
Measurement World magazines
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Tektronix High-End Solutions Overview

» Tektronix simplifies serial standards testing complexity with measurement expertise and tools that
provide accurate test results for high-speed computer and communications system designs

Sampling Oscilloscopes and
Clock recovery

DPO70000SX ATI Performance
Oscilloscopes

OMA Lightwave Signal
Analyzers for coherent
application

RF Recorder & Playback /Signal
Analyzers

Characterizes the electrical and optical
signal performance of components,
boards & systems.
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Performs pass/fail compliance test and
debugging of high speed electrical
components, boards & systems.

Analyzes optical modulation formats
used in next generation long-haul
networks.

Analyzes RF up to 26.5GHz at Real
Time with 800MHz acquisition bandwidth

Keithley Waver-Testing

AWG Arbitrary Waveform
Generators

Parameter Analyzer / Curve
Tracer

Characterization of semiconductor at
device, wafer or cassette level.
Configurable at customer needs.

Aids research efforts by generating
complex signal patterns that help
evaluate communications system

designs.

Synchronized I-V and C-V characteristic
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Key bandwidth drivers
A Minute on the Internet in 2020

Estimated amount of data created
on the internet in one minute

NETFLIX u

404,444 hours of /T 500 hours of

video streamed by users video uploaded by users
¢ @
2,704 :
app installations 347,222 stories
smaion Wi
6,659 52,083 users
packages shipped connected
- S
208,333 participants L. . 41.7m
in meetings A ‘ \ 4 messages shared
319 new —/ — 28 new tracks
users gained added to library

Source: Visual Capitalist
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Key bandwidth drivers
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Market Growth

Silicon photonic 2019-2025 market forecast by application

(Source: Silicon Photonics 2020, Yole Développement, April 2020)

@) Datacenter transceivers @® Immunoassay tests

) Long haul transceivers @ Fiber-optic gyroscope 2025
Optical interconnects 5G transceivers

=: o ® $3.9B
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$48°I4_ $20M / \\
3 $22M | ‘,
| 4 i
\($ $44M y
== cAGRe208 1"

0 4 NOVEMBER 2021 Telitronix:



Keeping up with bandwidth demand

How to overcome increasing bandwidth demand
FATTER PIPES

i h
Modulation Higher data rates are achieved by

using higher sampling rates and
different modulation technigues.
25Gigabaud sampling may create
25Gb/s NRZ, 50 Gb/s PAM-4 or

A

v' More complex modulations Gokanedi i

/ N RZ - PAM4 —_— QAM -g PAM-8 -3 == 100Gb/s Coherent lanes.
E O 25G Lane. O 100G Lamn
e PAM-4 -2 = O 50G Lane Q400G PMD
w
g Q 1woGLane Q800G PMD
v' More channels e
\\O &
/ . (¢ Sa ,'5/9,) % R > & \'c\- Cq&' AN
Higher baud rates by 1007 1" qaBt et
: c_\_.o oot
&
) v.\\tf—
E 100 400GBASE-DR4 After the data rate/lane is
a2
[T chosen, the number of
: fanes in a link determines
g 50 — the speed. This chart
% 400GBASE-LR8 shows how 4 or 8 lanes
S 25 can be used to generate
3 400GbE links.
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new in Ethernet standards?

) electrical - optical R
|
Electrical Backplane MMF Parallel
Interface SMF
TOBASE-
100BASE- ™ FX Lx
1000BASE- KX CX T SX LX
2.5GBASE- KX T,
S5GBASE- KR 1 |
10GBASE- SFI, XFI KX4, KR CX4 2 ) SR LR ER
XSBI, XAUI SFP+DAC
25GBASE- 25GAUI KR CR T SR LR ER
40GBASE~ XLAUI KR4 CR4 T SR4 FR LR4 ER4
SOGBASE- 50GAUI KR, KR2 | CR,CR2 SR FR LR
SOGAUI -2
T100GBASE- CAUIT0 KR4, KR2 CRI10, SR10 PSM4 10X10 LR4 ER4
CAUI4 CR4, SR4 DR CWDM4 10X10 10X10
100GAUI-2 CR2 SR2 CLR4
200GBASE- |200GAUI-4 KR4 CR4 SR4 DR4 FR4 LR4
200GAUI-8
400GBASE- |400GAUI-16 SR16 DR4 FR8 LR8
400GAUI-8
800GBASE /
1.6TbE

Gray Text = IEEE Standard

Red Text = In Standardization

Blue Text = Non-lEEE standard but complies to |IEEE electrical interfaces

oe

ethernet allfance
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Pushing the envelope to higher baud rates

Impact on optical transceiver Testing

» Increase in complexity
» Steady uptick in test requirements

» Increase time device spends on the
manufacturing floor

ST NS )}. .
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Contrast Between PAM-4 and NRZ

* PAM4 Measurements * NRZ Measurements
o Transmitter and dispersion eye closure - o Tx Eye Mask
guaternary (TDECQ)

o Outer Optical Modulation Amplitude - > Optical Modulation Amplitude
(OMAouter) (OMA)

o Quter Extinction Ratio (OER)
- o Extinction ratio (ER)

o Level separation mismatch ratio (Ruw)
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Contrast Between PAM-4 and NRZ

PAM4 TDECQ NRZ Eye Mask

« Measures each of the optical « Measures the number of hits on a
transmitter’s vertical eye closure as mask to characterize the BER of a
measured through and optical to transmitter.

electrical converter.
.OA[Aouterx 1 )

6 O.R s

TDECQ = 10log,

0 045 055 1

0 01 n2 na n4 ns oé 07 08 0o 1
Time (V)

G 4 NOVEMBER 2021 11



Cost of Test for optical transceivers

Test Time [min]
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Why is Test time so important?

|/V‘" Go to market faster o] (S:(;%?'gfggg?égeduce

Increase throughput / ®

{ /3  reduce capital - Meet customer demand
expenses
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Impact of Machine Learning in optical communication

Machine learning has recently seen significant popularity in optical
communication with respect to applications such as:

» Optical Performance Monitoring
 Failure and Fault Management

due to its abllity to efficiently model systems using abstract inputs.

To cope with high cost and to address reliability concerns, Machine
Learning must be explored in this environment to assist testing and provide

additional device insight.
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Machine Learning TDECQ

UTILIZING MACHINE LEARNING TO SPEED UP TDECQ MEASUREMENT

Input:
» Waveform data
acquired from scope

Analysis:
» Trained convolutional
neural network (CNN)
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Output:
 TDECQ measurement

TDECQ
Computation

speed
improvement of
20X

e 4 NOVEMBER 2021




File Connect Utility Help Tektronix
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