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KD7251: AUTOMOTIVE
OPTICAL MULTI-
PROTOCOL TRANSCEIVER
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ADAS & AV necessities 

Rear collision 
war ning

Blind spot 
detection

Blind spot 
detection

Surround view

Surround view

Traffic sign 
recognition

Lane departure 
war ning

Emergency braking
Pedestrian detection
Collision avoidance

Adaptive cruise 
control

Pa
rk

 a
ss

is
ta

nc
e/

 
su

rr
ou

nd
 v

ie
w

Camera sensor

Lidar sensor

Radar sensor
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ADAS & AV necessities: network

Switch

Switch

XPU

XPU

Switch

Switch

Radar Camera Lidar
Ethernet & MPI, 2.5 ~ 10 Gb/s

Ethernet, 10 ~ 50 Gb/s

Reliable, low latency, high data-rate network for sensor fusion
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Automotive Ethernet
•802.3bw, 100BASE-T1, UTP: Oct 2015

•802.3bp, 1000BASE-T1, STP: June 2016 

•802.3bv, 1000BASE-RH, SI-POF: Feb 2017 

•802.3cy, 25GBASE-T1, STP: June 2023 

•802.3cg, 10BASE-T1S, UTP: Nov 2019

•802.3ch, 2.5/5/10G BASE-T1, STP: June 2020 

•802.3cz, 2.5/5/10/25/50G BASE-AU, OM3: March 2023 

 OPTICAL 

 OPTICAL 

←

←
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Why optical interconnects in cars?

 even at 10 m in length 

•Scalability: bend-insensitive optical fiber used in 
automotive BW-3dB > 20 GHz @ 40m 

•Fiber is a dielectric medium: no EM immunity/
emission problems

•Electrical cables: high IL

‣
‣

‣
‣

High IL + high RL ➜ SI and EMC problems

SI and EMC partially solved: DSP (power) and 
countermeasures (cost) 
SI and EMC problems worsen with aging 

The problems are more difficult to solve as the
frequency increases 

EMC 
OM3, 40meters

Copper, 10 meters

Response is affected by
cable aging
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Automotive optical vs electrical PHYs

Characteristic Optical PHY (802.3cz) Electrical PHY (802.3ch, 802.3cy)

Power consumption

Modulation complexity

Single-lane max rate

Channel max length

Max inline connections

Scalability

EQ complexity

Echo cancelling

FEC complexity

Block inter-leaver for impulse
noise 

Latency

40 meters

4 for ≤ 25

High: same

< 10 taps

No
RS-FEC (544,522)

100

1.1 us
0.45 us

 0.30 us

Low linearity, ENOB A/D 

for all the data-rates

25

10 meters

2 Low 100’s taps needed 100’s taps needed
≤ 10Gb/s: RS (360,326) +50% 25 Gb/s: RS-
FEC (936,846) x4.5

x4 necessary for 10 Gb/s.  
x8 necessary for 25 Gb/s.
10GBASE-T1 2.0 us (w/ x4 block interleaver), 

2.5

depend on data-rate

Very high linearity, ENOB A/D
Nyquist

Higher, based on complexity

+80% 
x9

No

50 Gb/s per 802.3cz. 

10GBASE-AU is
25GBASE-AU is
50GBASE-AU is

, 
, 

NRZ for ≤ 25 Gb/s. 
PAM4 for 50 Gb/s
Lower, based on complexity

 Gb/s. 2 for 50 Gb/s

fiber and connectors 

 Gb/s feasible

 for ≥ Gb/s

: cable and connector 

 Gb/s per 802.3cy. Physical limit

PAM4 for ≤ 25 Gb/s. 
high IL of channel @ frequency

25GBASE-T1 4.1 us (w/ x8 block interleaver), 

, due to 
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Why a different optical PHY layer?

Characteristics Automotive Data-centres (multimode)

Data-rates (Gb/s) Wavelength (nm)

TBS range (ºC)

Dependability functions (link margin, OAM)

Data-aided adaptive timing-recovery

Data-aided adaptive equalization

Design strategy

Connector attenuation

Technology node

Reliability and safety

Cost constraints Critical

Highly

850 0 to +85 NO NO NO Maximize link distance

Assumed very small (~0.3 dB/connection) SiGe

BiCMOS (high GBP, lower thermal noise) Much

smaller impact Relaxed, e.g. SFP modules

not reliable enough 

 constrained

2.5, 5, 10, 25, 50

980 +/-10, superior reliability

-40 to +125, photonics performance impacted

YES

YES (fast/robust link in sensitivity conditions)

YES, sensitive RX, high yield

Maximize supported channel IL

max 2.5 dB (vibrations, dust, low cost, auto)

Auto-qualified CMOS (limited GBP)

10, 25, 50, 100

 +/-10, 
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DSP based receiver
•

980nm VCSEL, T

TDECQ equalizer, 802.3cd

 = 125ºC, ER=5 dB TDFOM receiver, 802.3cz

•MMSE FFF+DFE supports high IL and compensates 
for production impairments: high-yield 

•Finite length DFE: error propagation is bounded 
(RS-FEC GF size & modulation depth)

TDECQ ref RX extensively used in data-center:
not suitable for automotive 

•TDFOM ref RX is designed to deal with non-linear ISI 

•802.3cz is channel capacity approaching 

•Canonical MMSE FFE+DFE is used 

•MMSE FFE+DFE: noise whitening and ISI 
compensation: 

‣
‣
‣

VCSEL

Fiber

TIA

 distortion in extreme temperatures 

modal distortion 

close loop response + noise color 
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Wavelength, a holistic decision

Criteria 850 nm 940 nm 980 nm

VCSEL wear-out reliability

VCSEL random failures reliability

Performance with temperature

OM3 fiber bandwidth

Photodiode responsivity

Flip-chip assembly TX (bottom emission)

Flip-chip assembly RX (bottom illumination)

Marginal. Current densities need to be
reduced in high temperature. Binning in
production

Superior. Automotive mission profile is met in excess

No difference. Today’s substrates have very low defect density. Screening in FT.

Dependent. Designs for narrow range Less dependent. Good performance in wide range

No difference because reach ≤ 40 m

No difference, nominal 0.6 A/W

Not feasible,
Feasible, but process 
dependent 

Feasible, robust accross 
corners
Feasible

high absorption

Not feasible, big responsivity penalty
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What can be leveraged? What is new?
•A complete solution needs:

•  technologies and components: 

 specifically for automotive: 

Leveraged

 photonics,
transceiver, connectors, cables, TMEs 

•New

•OM3 fiber: very mature technology

•InGaAs PIN diodes: very mature devices

•High-speed InGaAs VCSEL technologies: 

•Connectors and cables: new designs to meet 
environmental and mechanical requirements 

•  support 
of standard and 
Optical transceivers:fully integrated, 

pick-and-place reflow

•Test and Measurement Equipment: 

•

•

 design 

design 

•

•

 for RX validation 

for TX validation and ref TX calibration

short-wavelength high-speed

long-wavelength high-power

Reference TX

TDFOM
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Data-center optical transceiver 

Optical connector

Outer casing

VCSEL TOSA

PIN diode + TIA 
ROSA

Diagnosis / 
monitoring IC

VCSEL bias-tee TX re-timer & 
VCSEL driver

RX re-timer & 
post-amp IC

I2C EEPROM

Electrical connector
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Data-center optical transceiver
•Traditional optical communication solutions: dedicated FOT modules

•FOT embeds PMD and interconnects with a separate component (DSP) that implements PCS/PMA 

•Components are built using different technology processes: 

•e.g., BiCMOS on SiGe for the FOT and deep sub-micron CMOS for the DSP

•FOT is assembled on a specific package together with the optics and the fiber connector 
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Automotive optical transceiver 
•Single component solution: 

•CMOS: cost reduction and automotive quality

•From 2 packages with 5 dies ➜ 1 single component with 3 dies

•Remove the high-speed signal traces through the PCB

•Less sensitivity to EM interference and less emitted radiation

•Lower power consumption

•Standard electrical interfaces
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KD7251 block diagram

SD

2.5GBASE-X,
5/10GBASE-R XFI

USXGMII 
PCIe Gen 3

D-PHY

SPI master 
I2C master 

MDC/MDIO, SPI, I2C slave 
GPIOs 

IRQ 
Status IOs

Clock Reference

USXGMII / 
SerDes

Boot control

802.3cz 
PCS

Internal Monitors

802.3cz 
PMA 802.3cz PMD

Duplex OM3

Wake-up / Sleep

Local Management

TIA

Driver

PD

VCSEL TX Optics

RX Optics

Optical interface

M
ec

ha
ni

cs

Full integration of 
electronics, photonics, optics

G
PI

O
 M

ux IE
EE

 1
72

2

Sw
itc

h 
m

at
rix

PT
P

M
AC

se
c

CSI-2/DSI-2

SPI

I2C

GPIO
OAM

KD7251

CMOS
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KD7251 key features

OAM

Wake-up & Sleep

Dependability 

117-pin BGA

2.5/5/10GBASE-AU

AEC-Q102-003 grade 2

ASIL-B FuSa

40 meters, 4 inline connectors

Latency < 1 us

< 100 ms

 IRQ generation

802.3cz

functions with

 package

 at 10 Gb/s

Start time (reset to link) 

channel implementation

 PHYs compliant with IEEE Std 

Small PCB area: 28 x 16 mm2,
including the connector

TM
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KD7251 connectivity features 

PCIe

1722b

 Gen 3

, CSI-2

, DSI-2

MACsec 

PTP, SyncE

Ethernet / MIPI 

 links 

Aggregation, disaggregation,
functions

 Ethernet / MIPI

 multi-drop 

IEEE 

MIPI D-PHY

MIPI D-PHY

 8 GT/s

Ethernet 5/10GBASE-R,
2.5GBASE-X (XFI), USXGMII

 (MIPI, GPIO, I2C, SPI)
Asymmetric bit-rate
consumption in sensors

and

 reduced power 

SM

SM

Ⓡ

Ⓡ 

SM

↔

→
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Automotive optical transceiver

•
organic 

 with full 
of: 

•Lid on top integrating optical engine 
for light coupling and alignment with
fiber ferrules 

•Standard BGA 

•Support of standard pick-and-place 
and reflow assembly processes

 in Transceiver IC
substrate

integration

‣
‣

electronics (i.e. CMOS die)

photonics (i.e. PD & VCSEL) 

IC lid: optical coupling and sealing

IC substrate

Sleeves for accepting
the fiber ferrules

IC substrate bottom side
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Connector & transceiver integration

ECU

uP, Switch, GPU, …

PCB IC stand-alone
Connector plug

Edge header
connector

Fiber cable

Transceiver IC 
(reflow-soldered BGA at board assembly)

Attachment at
board assembly

Connection at car assembly

Header connector
(snap-in or soldered)

Plug connector

IC lid with horizontal optical coupling
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Connector & transceiver integration

Transceiver IC
(reflow-soldered BGA at 

board assembly)

Connection at car
assembly

Plug connector

Header connector

Two-pin type connector
for camera power

Attachment at
camera assembly

IC lid with vertical optical coupling
Image from IEEE CFI presentation “Improved
Support of Asymmetric Applications for
MGbps Ethernet Cameras (ISAAC)”, July 2023, 
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Is the time for optical networks in cars?

•
and EMC: 

 it is the time 

 in speed 

•The  involved in the 
in under development: 

• Yes,

•The needs:

Copper reaches the physical limit
no scale / no future-proven

full ecosystem
solution

optical 

•high-speed low-latency use cases

•sensor connectivity

•traffic aggregation in zonal architectures 

•International standards

•Photonics 

• Transceivers 

•Cables

•Connectors

•Test and measurement equipment
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