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“ QOur daily life

* Ethernet applications

+ data center to automotive

+ Ethernet technology - Optical to Electrical
* Serdes & channel coding

“ JEEE standard meeting

+ Lessons learned

“ Summary
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1 - Magnetic beacon

* Human perception
2 - Dash flashers

“ Visual - smoke signals, beacons 3 - Visor sign
4 - Wingmirror flashers
* Audio - drumbeats, horns, whistles 5 - Grille flashers

6 - 'Wig-wag' headlights
* Electromagnetic wave

6 Source: https:/ /en.wikipedia.org/wiki/ Telecommunications
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Infrastructures Enable What We Enjoy

Data center
Requirements
Power consumption
Throughput
Reliability - BER
Interaction - latency

Ethernet - Local Area
Network




Ethernet (Ether Network)
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+ 802.3a —> 802.3dj




Ethernet Applications
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Amazon Leads $200-Billion Cloud Market

I \ O
D ata C ent€ I u I l Ctlo I l S Worldwide market share of leading cloud infrastructure service provicers in Q2 2022*
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- Cloud infrastructure
» market size (12 months
O Tencent Cloud - ci ended June 2022)
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+ Server (Intel, AMD)
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Data center infrastructure design and power delivery paths.

i



Intel Silicon Photonics

SPTSLP2SLCDF Y3223
B4 CXAF R 100Gbps

1311nm 3.3V LC 7J#...

$22,312
Digi-Key Taiwan

ATGBICS QFX-QSFP-

DACBO-15M-AOC-C i/

QSFP+ ¥| SFP+ (4) 3588
FHE8 (4)49.21"...
$11,606

Digi-Key Taiwan
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Figure 2: In-vehicle networks in the automobile.

Source: https:/ /www.eetasia.com /automobile-in-vehicle-networks-ethernet-serdes-or-both /

THE 6 LEVELS OF AUTONOMY

\ N \ N 1 N X N \ N N
g/ % , % : % / k\ %3 Could self-driving cars make crossings or traffic lights redundant?
DRIVER FEET-OFF HANDS-OFF EYES-OFF MIND-OFF PASSENGER
No assistance Assisted Partially Highly Fully Autonomous
Automated Automated Automated
A TRANSFER OF RESPONSABILITY MACHINE
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https://citymonitor.ai/smart-cities/could-self-driving-cars-make-crossings-or-traffic-lights-redundant-3814
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Automotive Ethernet PHY

Video/audio
head units &
switch

+ What's differences in car?

Information
display

“ A lot of connections
“ Various rates - from <1 Mbps to 10 Gbps

« Extremely reliability - autonomous driving (human
life)

Multichannel
amplifier
GPS &
CD /DVD satellite link
player

« Challenges for automotive networking

« Cable weighting /

Rear view

camera

* Electromagnetic interference

Source: https:/ / www.eeworldonline.com /an-inside-look-at-the-automotive-ethernet-protocol /
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Various Ethernet Standards for Automotive

+ Reach

+ 15m { 100 Mbps symmetrical operation using standard
: g U PeobEptl Cal Ethernet PHY components

+* 40m for truck 100 Mbps TX 100 Mbps 100 Mbps TX

I——

- Medium B *“BIE = jlm‘ —~

100 Mbps RX 100 Mbps 100 Mbps RX

NS

& Slngle pair thSted pair Cable Full Duplex 100 Mbps single pair operation achieved

Only change is to wire-side,

+ Plastic thical fiber MAC-side remains the same
Standard IEEE 802.3 Standard IEEE 802.3
+ Various standards are Competing % 100Mbps MAC Interface 100Mbps MAC Interface
Ethernet MIPI AS A Figure 3: BroadR-Reach differs from IEEE 802.3 Ethernet only from PHY to PHY, theyre identical at the
/ /
MAC level.

+ The winner is ...

16



Ethernet Technology



e End User layer
e HTTP, FTP, IRC, SSH, DNS

OSI 7 Layers

e Syntax layer
e SSL, SSH, IMAP, FTP, MPEG, JPEG

* For two computer to exchange
e Synch & send to port

message (packet
g (p ) e APl’s, Sockets, WinSock

* Physical (PHY)

e End-to-end connections

* Medium - cables, fibers, printed e TCP, UDP

circuit board (PCB), inter-die
connection

* Rates - 10 Mbps, 100 Mbps, 1 Gbps,
10 Gbps, ..., 800 Gbps, 1.6 Tbps

* BER - 1e-12 ~ 1e-13

e Packets
e |P, ICMP, IPSec, IGMP

@ N Linle e Frames
. . Data LIn e Ethernet, PPP, Switch, Bridge

@ 1. Physical

T — ===

18

e Physical structure

e Coax, Fiber, Wireless, Hubs, Repeaters

* Latency - 10 ~ 200 ns




Optical Fiber Cable

* Long distance
+ Total reflection of laser light in fiber

» Single Mode Fiber (SMF) & Multi Mode
Fiber (MMF)

+ High channel BW

» Limitation at electric-to-optical & optical-to-
electric components

* Aging 1s an issue

# Cost is much higher
e : ; Acceptance }v, \
# Silicon photonics is trend cone_\ "~

Cladding

39



100Gbps/Lane PAM4 Optical PMD - Block Diagram

+ Serdes - serializer & deserializer
+ High rate, but small pin count
+ FEC - forward error correction
# Channel coding
= DSP - digital signal processing
+ Clock recovery
+ Equalization
+ ADC, DAC
+ Analog <—> Digital

+ Electrical <—> Optical

400G Coherent Lite

3, 400G Coherent DSP >
PAM4 Quad
850G VSR FEC psp ADC ||16C 400G
PAM4 Serdes DAC R Coherent

Hm .E = .E H
Switch / DWDM Mux DWDM Mux Switch /
Router A Amplifier Amplifier Router B

20 Source: https:/ /www.ieee802.org/3/B10K/public/adhoc/18_0508/nicholl_b10k_0la_180508.pdf


https://www.ieee802.org/3/B10K/public/adhoc/18_0508/nicholl_b10k_01a_180508.pdf

How to Achieve Higher & Higher Throughput?

* Increase symbol rate
Eye Width Comparison between PAM2 & PAM4

>The illustration is based on raised cosine
channel with3 =1

* More and more challenging

> Although the Nyquist frequency is half for
PAM4 than for PAM2, in reality the real eye
width is only between 1/2Ul and 2/3UlI, far less
than 2x of NRZ eye width

R/

* Increase modulation order

* NRZ —> PAM4 —= PAMS or
PAM16

>The 3 vertical eyes are not symmetrical

— Because PAM4 has four voltage levels, there are
transitions between non-adjacent signal levels,
which take longer time than required for
transitions between adjacent levels, thereby
narrowing the eye

“ Stronger channel coding

SIGNCON 2088 JANUARY 19-21,2016 W:ocis

+ BER betore FEC can be relaxed

Source: https:/ /www.xilinx.com/publications/events /designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf

21


https://www.xilinx.com/publications/events/designcon/2016/slides-pam4signalingfor56gserial-zhang-designcon.pdf
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»0Gbps/Lane PAM4: Serdes - Channel

SNR (signal to noise ratio)
Signal - louder is better?

Noise - uncorrelated to
signal

+ white vs. narrow-band
Channel
+ Path loss vs. insertion loss

+ ISI & echo - correlated to
signal

CEI-56G-PAM4-VSR/MR/LR Baseline Specs

FA Chip
- T
TTITTITTITITTY

> VSR: C2M, < 10cm, one connector
/' — up to 10dB; raw BER < 1e-6

MOAR e 0}
CEI-S6G-VSR — "
I B W Y

Frames Ohip

.

-

o
v

= ==
xxxxxxxxx‘ I1IITX
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> MR: C2C for midrange backplanes,
< 50cm, one connector

— up to 21dB; raw BER < 1e-6

Insertion Loss (d8)
A
o

""""""

& &

Chip

=
ITIIIIIX ITIIIIIII |

-

10 15 20 25
Freguency (GHz)

L

> LR: backplanes or copper cables,
two connectors

— up to 31dB; raw BER < 3e-4

Swich Chip I
 P—

ITIIIIIIIIINININIIIIINI

DESIGNCON 2016’ JANUARY 19-21,2016

Source: https:/ /www.xilinx.com/publications/events /designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf

7.



https://www.xilinx.com/publications/events/designcon/2016/slides-pam4signalingfor56gserial-zhang-designcon.pdf

00Gbps/Lane PAM4 Serdes - Inter-symbol Interference

2 Symbol data rate > Chanel ISI and Equalization Techniques
Channel BW > Inter-Symbol Interference (ISI) » Two commonly used techniques to mitigate ISI
depicts the phenomenon in which — Equalization is the most powerful and efficient
£ i : energy in one bit leaks into . o : :
o ISI 1S COI‘I‘ela’[ed Slgnal neigfgoring bits, on both sides — Signal modulation is another optional solution
* Compensation of AN A T | FIR filter (digital)
No o
channel —> | i= 1Al |
Equalization T owmoms T X

* TXvs. RX

“ Inverse matrix vs. by

training

Source: https:/ /www.xilinx.com/publications/events /designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf
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https://www.xilinx.com/publications/events/designcon/2016/slides-pam4signalingfor56gserial-zhang-designcon.pdf

Equalization - RX CTLE

+ Continuous-Iime
Liner Equalizer

* Low-power
+ Noise enhance

+ Difficult to have 20+
dB gain & high BW

Channel Equalization with CTLE Example

» The CTLE works the same for PAM4 as for NRZ signaling
» The CTLE is usually followed and/or preceded by AGC

T )

DE setto 0 13dB CTLE/AGC I H

i
|
DESIGNCON 2016 JANUARY 19-21,2016 »’-!-'.- .
WHERE THE CHIP MEETS THE BOARD ,#DC16 "_ ’ v
v

Source: https:/ /www.xilinx.com/publications/events /designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf
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Equalization - RX DFE

+» Decision Feedback RX DFE for Removing Post-Cursor IS|
° » DFE subtracts out channel impulse responses from the previous data bits so as to
Equahzer zero out post-cursor ISI contributions on the current bit e, '

vvvvvvvvvvvvvvvvvv

* Prone to error
propagation

« Challenging for high e
speed

DFE needs to
counteract dominant
negative ISl to open

up the eye
j]
|
v

Source: https:/ /www.xilinx.com/publications/events /designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf

DFE tries to
remove dominant
positive ISl to
open up the eye

+ Q: Don’t cancel ISI? —
> Yes. MLSD (Viterbi
alg()rlthm) :"" N 2016 JANUARY 19-21,2016 aiocis ,':-

25


https://www.xilinx.com/publications/events/designcon/2016/slides-pam4signalingfor56gserial-zhang-designcon.pdf

00Gbps/Lane PAM4 Serdes - Clock Recovery

* Jiming error —> 2x Oversampling Vs. Baud-Rate CDR
correct Sampling » Compared with the commonly used 2x oversampling Bang-Bang CDR, baud-rate CDR does
not guarantee the sampling phase around the center of the symbol
ClOCk » Baud rate CDR has less power consumption due to only one phase clock needed vs. two

phase clocks for 2x oversampled CDR

v 3
A\'ﬁ‘}'ﬁ )\

* It's all about jitter

788

A\'IL. A\'IL_

N7 | N7 | N N7 L N7 N
<+ PLL RN ERRN EF RN ERN EF

N SN

“ Clock recovery . E e
: : Quadrature
* Challenging in cloc -
. i
hlgh ClOCk rate 2016/ JANUARY 19-21,2016 wiocis ,:é]

Source: https:/ /www.xilinx.com/publications/events/designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf
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00Gbps/Lane Serdes - Are’we Good Enough?

Eye Height
* For le-6
Eye Width
“ For le-6

Pre-silicon
verification is very

challenging

EH6 and EWG

» Since PAMA4 is essentially a non-error-free system, eye metrics are defined in the VSR
sped at BER = 1e-6

— EH6 is the vertical distance across the BER = 1e-6 contour
— EWS6 is the horizontal distance across the BER = 1e-6 contour

» Vertical Eye Closure (VEC)

VEC = 2O'LOG(Mm(( Vupp -

A¥upp) (AYmid) (A¥low)))

» To support raw BER<1e-6, instead of raw BER<-15

— The BER is still dominantly affected by deterministic
jitter and noise

—  May require redefining link budget to make trade-
offs between performance, power consumption, and
implementation cost

'\ 2016 JANUARY 19-21,2016

Source: https:/ /www.xilinx.com/publications/events /designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf
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20Gbps/Lane Serdes - Help! Anybody?

* RX complexity vs.
Coding

* Depends on
implementation

technology

e

* PAM4 needs help
from FEC

FEC Error Correction Capability — Coding Gain

» The coding gain is the reduction in SNR (dB) that can be accommodated while still achieving the
desired BER. Under normal link operation conditions, test from system houses showed that

— RS(528, 514) (KR4 FEC) presents about 5 — 6 dB coding gain
— RS(544, 514) (KP4 FEC) presents about 7 — 8 dB coding gain

EEE KR4/ KP4 Inpu¥Culpu! BER

0 T » Example of Input vs Output BER for several well known
=ty | FEC codes:
10™ | =———KP4 - RS10(544 514)
BCHYBCHI1020.965) — G.709: RS8 (255,239)  6.7%

— |EEE KR4: RS10(528,514) 3.5%

— |EEEKP4: RS10(544,514) 5.8%

— BCH-BCH (1.9, G.975.1) : 6.7%

— Shannon limit for 6.7% OH (G.709 rate)

10°* 10 ol g 0 Ch » Need to keep in mind the over-clocking induced SNR loss

The plot assumes normal, uniform random when using FEC
distribution (Additive White Gaussian Noise)

™.

* |
I\ 2036/ JANUARY 19-21,2016 ¢
| Wipcis S |

Source: https:/ /www.xilinx.com/publications/events /designcon /2016 /slides-pam4signalingfor56gserial-zhang-designcon.pdf
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IEEE 602.3 Standard Meeting
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IEEE 802.3 Standard Flow

Call for interest
Study Group

* Objectives

Task Force

* Proposals to D1.0
+ Comments to D2.0
Working Group

+ Comments to D3.0

SA Ballot

Overview of IEEE 802.3 Standards Process (1/5)-
Study Group Phase

Mar 2023

PAR < Approvcd
PAR
\,/-
No

- |Approved
bjectiv

Note: At "Check Point", either the activity is ended, or there may be various options that would allow reconsideration of the approval.

Joint IEEE P802.3df / 3dj Task Force Meeting, IEEE 802 Mar 2023 Plenary, Atlanta, GA, USA

30

Source: https:/ /www.ieee802.0rg/3/dj/public/23_03/agenda_3dfdj c_2303.pdf
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Assumed
Ethernet " : SMF SMF SMF SMF
Rate SlanaatIemg "ol Cu Cabie 500m 2km 10km 40km
200GAUI-1
200 Gb/s 200 Gb/s C2C 200GBASE-CR1 200GBASE-DR1 200GBASE-FR1
C2M
400 Gb/s 400GAUI-2
200 Gb/s C2C 400GBASE-CR2 400GBASE-DR2 400GBASE-DR2-2*
C2M
800GAUI-4
. ) ) 1. 800GBASE-DR4-2 oA
200 Gb/s CC:;SI 800GBASE-CR4 S800GBASE-DR4 > 800GBASE-FR4 800GBASE-LR4
800 Gb/s 800 Gb/s 800GBASE-LR1*
Over single SMF in
each direction
8D IMDD
Coherent
1.6TAUI-16
100 Gb/s C2C
Cc2M
1.6 Tb/s
1.6TAUI-8 -
200 Gb/s CoC 1.6TBASE-CRS8 1.6TBASE-DRS8 1.6TBASE-DR8-2
C2M
Adopted baselines Proposed Baselines Pending approval of objectives by 802.3WG
Mar 2023 Joint IEEE P802.3df / 3dj Task Force Meeting, IEEE 802 Mar 2023 Plenary, Atlanta, GA, USA Page 20

31 Source: https:/ /www.ieee802.0rg/3/dj/public/23_03/agenda_3dfdj c_2303.pdf
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Stories about Standards

* Bluetooth plugfest - Buletooth vs. WiFi (diligent vs. leverage)
* IR AT

* Uncertainty

* Consensus building

* Talk to who don’t support you

* Equally unhappy
ey

52
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Learning

* When you're a student

* HNR) FH B4 & U
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“

» Curiosity

NS

4 + Back to Basic

+ Think out of the Box




Summary

+ Ethernet

* BEverywhere, drive technology to the limit —> innovation —> money

# Think big —> work hard —> dreams come true

o BEIMIIRTE —> SERAY i —> PRl AL

B



