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&% : CAN (CSN-FD) . MOST. IDB-1394. Ethernet
hT1% : CAN. LIN. CXPI
FE1T% : CAN. FlexRay

CAN : Controller Area Network
MOST :

IDB1394 :

LIN : Local Interconnect Network

CXPI : Clock Extension Peripheral
Interface
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Multi-Gigabit

1 Optical Automotive Ethernet
2.5 Gbps~50Gbps
IDB1394(S800) 1Gbps Optical Automotive | yogpy 4 GIF (1=%#e(L)
Ethernet 1Gbps
(NRZ or PAM4+FEC)
VCSEL+SI-HPCF LED+SI-POF
or GIF (16-PAM+FEC)

BEE(b. JA AR
TERMNDSEA
LED+SI-POF

MOST150 150Mbps
D2B 5.6Mbps 12> 2OMPES IEEE 802.3cz TEAS50Gbps
]‘ DB RRE

W

Multi-channel camera data transmission

Bit rate (bps)

Audio and HD
Audi d Visual data
Air conditioner control udio an (CD/Blu-Ray)
. Visual data
and navigation data >
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100

SI-HPCF®MFar Field Pattern

1

Normalized Intensity

40

Angle 6 (deg.)

OFL
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OFL : Over Filled Launch (£%— REHiR)
MLE: Mode Limited Launch (FREE—REHE)
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ZAEZEHRIC L BSI-POFZ AV 1GbpsHinix

—_TGbBS] oging f222MsBS] 1p DAC

7bits — ZSymboIs Pre-equalization Digital to Analog Converter

nr»=<
—
?::‘Z%'
=<
=

1Gbp - 325Msps .
Gbps be < - Equalizer |« ADC
coding
2symbols — 7bits Signal Conditioning Analog to Digital Converter

MAC: Medium Access Control , PHY: Physical Layer Device , GMII: Gigabit Media Independent Interface , PAM : Pulse-Amplitude Modulation
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‘Long Distance -> High Resolution

Resolution Comparison - 160m ahead B L 1 1 60m%®¢%%n:b\n T“(j:4 Kﬁq:{%rb)(ab“%\g

High resolution sensor enables to

capture recognizable signs, sml 2 |/ [} 3'5}:_':%‘@{ (LM\EB1 -;'q [—]
LiN " 4K(4096%2160)x 3(RGB) x 12bitx 120fps

It
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VOLVO?)
\\“ \\_\ p Camerafs)
+ ECU sensors NYIM=> 7 0 50Gbps

UTR/STP
+ Cameras - "'a __® vt 25Gbps )
v . Speed grades to target nsc;n;uf:yslmﬂ
Today: <= 6Gbps LVDS links & ——————— - Pl 100Mbps 10Gbps -
* Tomorrow: > 6 Gbhps ? -

* Llidar/radar i a OO SERED
* Today: <= 1 Gbps Ethernet N . Q) cus, sensorsete. 1 Ghps j
+ Tomorrow: > 1 Ghps ? & @ integration interfaces
+ Displays @ High speed Computation system ERAImEIR F_(atSOGbps%':,L.\

IEEE802.3 Multi Gigabit Automotive Optical PHY Sutdy Group 2) “Input-Automotive Use-cases and Requirements Multi Gigabit” &Dik#%
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Multi-Gigabit

1 Optical Automotive Ethernet
2.5 Gbps~50Gbps
IDB1394(S800) 1Gbps Optical Automotive | yogpy 4 GIF (1=%#e(L)
Ethernet 1Gbps
(NRZ or PAM4+FEC)
VCSEL+SI-HPCF LED+SI-POF
or GIF (16-PAM+FEC)

BEE(b. JA AR
TERMNDSEA
LED+SI-POF

MOST150 150Mbps
D2B 5.6Mbps 12> 2OMPES IEEE 802.3cz TEAS50Gbps
]‘ DB RRE

W

Multi-channel camera data transmission

Bit rate (bps)

Audio and HD
Audi d Visual data
Air conditioner control udio an (CD/Blu-Ray)
. Visual data
and navigation data >
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TIA: Trans Impedance Amplifier
PD: Photo Diode
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B AFHEY bEthernetD#iig

"SR | icbes | 25Gbps | 10Gbes | 250bps | S0Ghes | 100Ghes

BEX FAE IEEE802.3bp IEEE802.3ch IEEE802.3cy
UEAR UTP/STP STP STP
(15m) (15m) (11m)
i FRAE IEEE802.3bv IEEE802.3cz RERTE
L7 POF (SIZY) BI-MMF (GIZ! * 3= 3X) RRTE
(40m) (40m)
UTP : Unshielded Twisted Pair POF : Plastic Optical Fiber
STP : Shielded Twisted Pair BI-MMF: Bend-Insensitive Multi-Mode Fiber
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IVFEHEY bXEthernet (IEEE P802.3cz) DFigINE

Tx

Rx

Parameter 2.5GBASE-AU | 5GBASE-AU |10GBASE-AU 25GBASE—AU|50GBASE-AU Units Parameter 2.5GBASE-AU | 5GBASE-AU | 10GBASE-AU 25GBASE—AU|50GBASE—AU Units
. . 2.65625 5.3125 10.625 26.5625 2.65625 5.3125 10.625 26.5625
ISignaling rate (range) Gbd Signaling rate (range) Gbd
+100 ppm +100 ppm +100 ppm +100 ppm +100 ppm +100 ppm #+100 ppm +100 ppm
Modulation format NRZ I PAM4 Modulation format NRzZ I PAM4
[Center wavelength (range) 970 to 990 nm Center wavelength (range) 970 to 990 nm
RMS spectral width® (max) 0.7 nm [Damage thershold® (max) 4.9 6 dBm
[Average launch power (max) 3.9 5.0 dBm Average receive power (max) 39 5 dBm
IAverage launch power® (min) -4.3 -3.3 -2.4 -1.4 -0.3 dBm ] o
Optical Modulation Amplitude IAverage receive power® (min) -19.9 -17.9 | -15.7 | -12.7 -7.9 dBm
32 4.3 dBm
(OMAouter) (max) Recei OMAout 32 43 dB
Optical Modulation Amplitude eceive power ( outer) (max) i | m
MA ) max (A, TDFOM + B) dBm
(OMAouter) (min) Receiver reflectance (max) -12 dBm
A -5 -4 -3.1 -2.1 -1 dBm .
Stressed receiver sensitivity'
B -5 -3.9 -2.7 -1.5 0.4 dBm (OMAouter), condition 1 (max) 7 -14.9 114 s 24 dBm
[Transmitter and distortion figure of] . I
N 1.0 1.0 2.0 25 3.0 dB Stressed receiver sensitivit,
merit (TDFOM) (max) (OMAouter), condition 2 (m);x) -18 -16 -13.8 -10.8 -6 dBm
[Transmitter and distortion figure off - —
merit (TDFOM) (min) -0.3 -0.4 -1 -1.5 -1.7 dB z?n?ac:)lver sensitivity (OMAouter) max (C, TDFOM + D) dBm
lAverage launch power of OFF
transmitter (max) -30 dBm ¢ -18 -16 -13.8 -10.8 -6 dBm
[Extinction ratio (min) 4 dB D -18 -15.9 134 -10.2 54 dBm
RIN120MA (max) -120 124 I -131 dB/Hz (Conditions of stressed receiver sensitivity teste:
Stressed TDFOM (STDFOM),
Optical return loss tolerance (max) 12 dB lcondition 1 1 1 2 2.5 3 dB
m Stressed TDFOM (STDFOM),
(U;;:g)rrelated random jitter (tJ) 0.02 | 0.008 ul ondition 2 0 -0.1 -0.4 -0.6 -0.6 dB

86% at 19 um

Encircled flux®

30% at 4.5um
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TDFOM : Transmitter and distortion figure of merit

TDFOM = 10 - | OMAin TDFOM
-0 2 — Doy, Qo 0
Qo = 3.5741 :NRZZEFDIENZE1.757x 104018 M 18R

o0 = 34981 :PAM4ZFHDIENEL.757x 10-40DfE
TDFOM,(F3BIE NS> R3wA (JERZIULR) #UT7L AL S —NICIEHUIZBRICTDFOMA0dBE 12 1B

TDFOM, 3.59469 3.60715 3.63153 3.92395 2.83113

TDFOM = 0 dB (reference) TDFOM = 1.2 dB (will produce worse sensitivity) TDFOM = -0.7 dB (will produce better RX sensitivity)

___ Eye-diogram of signol o snalyze ] 10 _Eye-diagram of signal to snalyze _ Eye-disgram of signal to snalyze

11 - 11

Amplitude units

am ] om [ om 00¢ [ -am 0 am oo o0 oo

Time 1 Time rsf
TX ideal eye diagram VCSEL @ -40 °C, Driver 3, eye diagram

e
R EE YAZAKI Research and Technology Center ‘ YAZAKI
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TDECQ(TDFOMODIAZLL B

TDECQ: Transmitter Dispersion and Eye.
Closure Quaternary

d

The reference receiver — e.g. TDECQ vs TDFOM

KEYSIGHT File Setup Measure  Tools ps  Help -

P
Ty Mank

Wavefom

PAM

980nm VCSEL, Tes = 1256°C, ER=5dB

TDFOM receiver is
able to deal with
non linear I1S1

TDECQ equalizer, 802.3cd g == Reference eq.
- — TDFOM: MMSE-DFE
TDECQ: 5tap-FIR

TDECQ cannot
be calculated for
the output signal

of TDECQ EQ

6000 A000 10000 1Z00D 14000 15000 16000
Symimls

Comparison of TDECQ equalizer performance vs TDFOM receiver performance,
both doing processing of VCSEL signal operating at Tes = 125°C, 26.88 GBd, PAM4

Rubén Peréz-Aranda, David Leyba, “Base-AU 980nm/OM3 baseline reference receiver and transmitter and distortion figure of merit,”
IEEE 802.3cz Task Force — 8 February 2022 Interim Meeting
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