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INTRODUCTION

So, is there a solution for CSI-2 extension over unshielded cables? 
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The use of sensors – particularly cameras – in our cars has seen rapid growth over the past 

decade. A wide variety of use cases requiring camera connectivity have emerged, ranging from 

simple reversing cameras to Lane Keep Assist (LKA) systems and even mirror replacements. 

Forecasts from leading research agency Strategy Analytics[1] predict a rapid growth in multi-

gigabit sensor links in the next five years, increasing from around 80M links in 2020 to over 
270M links in 2025.

Figure 1: Five types of image sensors found in automobiles [2]

Since its introduction in 2005, MIPI® Alliance’s CSI-2 interface [3] has enjoyed broad deployment 

in many industries. In automotive, it has been widely adopted as an interface for cameras, and 

increasingly for radar and lidar sensor subsystems. However, CSI-2 is by nature a “short reach” 

interface, not suited to the longer distances required in the vehicle. To deal with this, several 

proprietary solutions have emerged for the long-reach extension of CSI-2 over coax cabling. But 

the use of coax cables, and suitable connectors, brings with it a number of real challenges to the 

automakers with far-reaching implications. 
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THE CHALLENGES OF USING SHIELDED CABLES IN 
THE AUTOMOTIVE ENVIRONMENT

When used correctly, Shielded Twisted Pair (STP) and coax cables provide improved noise 

immunity for high-speed data links. The shield reduces the levels of radiated noise from within the 

cable, while also providing immunity against alien crosstalk and other external noises. From an 

engineering viewpoint, so far so good. However, there are real concerns – some new, others less 

so – that the automakers face when using shielded cables, which include:

The shield adds weight to the wiring harness, and this has a direct impact on fuel efficiency and 
battery range.

1. WEIGHT

2. GROUND OFFSETS, LOOPS AND CURRENT FLOW 

The effectiveness of a cable’s shield changes over time, in particular for cables that undergo 
repetitive flexing (think, for example, of a shielded cable running from a camera in the door mirror 
to the A-pillar, a use case that also introduces the challenges of selection, size and cost of the 

connectors for the camera link). Testing undertaken at a specialist lab and in accordance with 

standard test procedures has shown that such flexing can reduce the shield effectiveness by 25dB – 
30dB (see Figure 2), and this means that EMC tests that pass on a new cable are not representative 
of the lifetime of the vehicle. This is now becoming a more pressing concern as link speeds increase 

to multi-gigabit per second, with the cumulative effect of high-speeds and shield degradation 
creating a unique EMC challenge.

3. CABLE AGING/FLEXING AND SHIELD DEGRADATION  

Coupling/screening attenuation before (gray) and after (colors), following fast aging/stressing 

procedure for dynamic cables (after only half of cycle-count defined for the test)

Figure 2: Effect of shield deterioration (reduction in shield effectiveness) on flexed cable
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When designing systems using shielded cables, attention must be paid to avoid ground offsets and 
loops, which can cause current flows in the shield that create electromagnetic noise. And these 
concerns are magnified in electric vehicles, where currents of up to 600A flowing from front to back 
in the car can create current flows in the shield of up to 6A[4].
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The cost of cables, connectors and assembly can be reduced if unshielded alternatives could 

be used. Furthermore, the use of shielded cables and connectors requires that the shielding 

be extended to the various enclosures housing the electronics, which adds even more cost to a 

shielded solution.

4. COST

Unshielded twisted-pair (UTP) cables are not normally associated with multi-gigabit automotive 

data links, and for good reason. Unshielded cables experience far-worse insertion loss compared to 

coax, yielding much lower signal-to-noise ratios over the channel. This effect becomes even more 
problematic as the data rates increase, as can be seen in Figure 3.

SO WHY NOT USE UNSHIELDED CABLES WITH EXISTING 

PROPRIETARY SOLUTIONS?

Figure 3: Symbol rate impact on channel attenuation

For a frequency on the cable of 1GHz, we see that the UTP cable experiences 20dB of channel 
attenuation, which is approximately 11dB worse than the coax cable. And as the frequency 
continues to increase to meet the need of modern sensors, the insertion loss gets even worse, 

directly impacting the signal-to-noise ratio and so preventing the use of UTP cables in the noisy 

automotive environment. These frequency increases are unavoidable since today’s proprietary 
solutions employ SerDes technology, where NRZ signaling schemes are used, and where multi-

gigabit link speeds require multi-gigabit symbol rates. For example, a 6Gb/s SerDes solution 

requires a 3GHz Nyquist frequency, which introduces very high insertion losses beyond what is 

shown in the above graph.

So, given these obvious limitations of UTP cabling, is there a solution that can support high-speed 

sensor rates on an unshielded channel?

As a matter of fact, yes, there is.
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VALENS AUTOMOTIVE PHY TECHNOLOGY AND THE NEW MIPI 

A-PHYSM SPECIFICATION

PAM modulation schemes encode the data bits (“symbol”) as a voltage level on the cable – 

the higher the number of PAM levels, the more bits that each level represents.

By increasing the number of bits per symbol, the symbol rate can be reduced in order to achieve 
a given link bandwidth. And as we saw earlier, lower symbol rate means less insertion loss, which 

results in a higher signal-to-noise ratio at the receiver. This, combined with advanced noise 

cancellation and error correction mechanisms in the PHY, allows for the use of UTP cable even at 

multi-gigabit link speeds.

Figure 4: PAM-16 transmitter eye pattern
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Table 1: Modulation scheme vs. bits per symbol

Enter Valens Automotive PHY technology, whose HDBaseT[5] chipsets are already on the road with a 

leading European OEM and which is the baseline for the MIPI Alliance’s new A-PHY specification.

HDBaseT PHY technology utilizes higher-level modulation schemes (Pulse Amplitude Modulation 

with up to 16 levels, or PAM-16), combined with adaptive just-in-time noise cancellers and PHY-level 

retransmission, to enable multi-gigabit links over a single UTP cable. Meeting stringent OEM and 
Tier-1 EMC testing specifications, Valens first-generation chipsets running 2Gb/s symmetrical (full-
duplex) links over unshielded cables and connectors can already be found in production vehicles.
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In October 2017, the MIPI Alliance announced the formation of a working group to define a new 
automotive PHY technology – the MIPI A-PHY. Valens was one of many companies to propose their 

technology as the basis for the new specification. After many months of discussion and debate, 
testing and analysis, the MIPI Alliance Board of Directors decided that Valens technology would 
be the baseline for A-PHY technology, recognizing its resilience and performance for high-speed 

transmission in the noisy in-vehicle environment.

A-PHY specification version 1.0 was officially released in September 2020, and defines an 
asymmetric link with five “gears” representing five link speeds:

The above table shows that link speeds of up to 16Gb/s are supported with a Nyquist frequency of 

only 2Ghz or lower. 

The A-PHY specification defines the link as comprising Shielded Twisted Pair (STP), Shielded Parallel 
Pair (SPP) or coax cabling. Note that the cable runs can be up to 15m/50ft long and include up to 
four inline connectors.

At the adaptation layer, A-PHY Spec 1.0 defines the tunneling of CSI-2 data from transmitter to 
receiver, an I2C back channel for control purposes, and GPIOs for various uses including clock 

services and frame sync. Consequently, A-PHY is the ideal solution for multi-gigabit in-vehicle sensor 

connectivity.

Nyquist
[Ghz]

Symbol Rate
[GBaud]

Modulation
[One modulation per Gear]

Gear 
Data Rate 

12NRZ-8b/10bG1: 2Gbps

24NRZ-8b/10bG2: 4Gbps

24PAM4G3: 8Gbps

24PAM8G4: 12Gbps

24PAM16G5: 16Gbps

0.1NRZ-8b/10bUplink, All Gears: 100Mbps

Table 2: MIPI A-PHY Spec 1.0 gear definitions

Wait, so still no support for CSI-2 extension over UTP cabling?
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Introducing A-PHY specification version 1.1.

Nyquist
[Ghz]

Symbol Rate
[GBaud]

Modulation
[One modulation per Gear]

Gear 
Data Rate 

12NRZ-8b/10bG1: 2Gbps

0.51Optional PAM-4

24NRZ-8b/10bG2: 4Gbps

12Optional PAM-4

24PAM-4G3: 8Gbps

24PAM-8G4: 12Gbps

24PAM-16G5: 16Gbps

0.1NRZ-8b/10bUplink, All Gears: 200Mbps

Table 3: A-PHY Spec 1.1 gear definitions

With gears 1 and 2 now offering links with Nyquist frequencies of 500MHz and 1GHz respectively,  
this opens the door for the use of UTP cabling for long-reach CSI-2 extension (note that, while the 
MIPI Alliance has yet to define the UTP channel for A-PHY, Valens products will support the use of UTP 
cables for gears 1 and 2). This is made possible not only because of the reduced Nyquist frequency, 
but also due to the highly effective noise cancellation and local retransmission (error correction) 
mechanisms that are included in the hard-wired DSP on the receiver side. And no, this is not purely 

speculation – this approach for multi-gigabit links over UTP cabling using Valens HDBaseT chipsets 
has already passed all EMC tests and is currently in production with a leading European OEM.

In October 2020, the MIPI Alliance shared preliminary information that shows that the next 
revision of of the A-PHY specification will include optional PAM-4 support for gears 1 and 2, as well 
as an increased uplink bandwidth.

Looking beyond the purely technical aspects of the link, MIPI A-PHY brings with it many benefits

• AN INDUSTRY STANDARD – addressing OEMs and Tier1s’ desire to avoid proprietary 
solutions, the A-PHY initiative is led by the MIPI Alliance, a well-established standardization body 

with over 45% of its members active in the automotive sector. 

• A TRUE ECOSYSTEM – standardized solutions lead to an ecosystem of vendors providing 

interoperable silicon solutions, while also creating a wide community supporting testing, 

validation, tools and software drivers. 

OTHER KEY BENEFITS OF MIPI A-PHY
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Valens is currently developing A-PHY chipsets and will have engineering samples available during the 

second half of 2021. In the meantime, we have developed a proof-of-concept for CSI-2 extension, 
which uses an HDBaseT Automotive PHY paired with an FPGA (for the adaptation layer). The PHY can 
run at 4Gb/s symmetrically over a single UTP, or 8Gb/s over dual UTPs. While the PHY is an HDBaseT 
implementation, rather than an A-PHY implementation, it is representative of the future A-PHY since 

both utilize PAM encoding, noise cancellation and local retransmission mechanisms. Of course, 

actual Valens A-PHY chipsets will include the entire stack – from the adaptation layer down to the 

PHY – on a single chip, and will support up to 8Gb/s on a single pair or coax cable (up to 4Gb/s on a 

single UTP).

VALENS A-PHY CHIPSETS AND CURRENT PROOFS-OF-CONCEPT

• A STANDARD DEVELOPED AND OPTIMIZED TO MEET AUTOMOTIVE REQUIREMENTS -

designed to handle ultra-low packet error rate (1e-19) over cables of up to 15 meters, while 
meeting the most stringent in-car EMC requirements even with cable/shield deterioration over 
the vehicle lifetime.  

• INHERENT SAFETY, SECURITY AND FUTURE SCALABILITY – with extremely robust link 

performance, A-PHY is a time-sensitive, all-delivered technology capable of scaling to higher 

bandwidths in future revisions of the specification. 

• ALLOWS FOR OPTIMIZED SYSTEM COSTS – use of lower-cost cabling and connectors at 

lower gear speeds and future integration of A-PHY technology directly into sensor modules, 

SoCs and display devices yield significant cost reductions to OEMs and Tier1s.
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References

The need for long-reach CSI-2 extension is not new, but its importance is growing rapidly as sensor 
deployments in vehicles increase. Existing proprietary SerDes solutions, using NRZ signaling, require 
the use of shielded cables and connectors, which present real challenges to OEMs. 
In order to benefit from the use of unshielded cables, a new technology is required. The MIPI 
Alliance A-PHY standard, through its use of PAM signaling, adaptive noise cancellation and PHY-layer 

retransmission mechanisms, allows for the use of UTP cabling for link speed of up to 4Gbps. Valens 

A-PHY chipsets, supporting the tunneling of CSI-2 sensor traffic, will be sampling in 2021.

For more information on the CSI-2 proof-of-concept and the upcoming Valens A-PHY chipsets, 
please contact us at Info-auto@valens.com  
or visit our website at https://www.valens.com/automotive-products

SUMMARY

https://mipi.org/mipi-white-paper-driving-wires-automotive
https://mipi.org/specifications/csi-2
https://www.ieee802.org/3/cfi/0719_1/CFI_01_0719.pdf
https://www.valens.com/automotive-products
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Valens is a fabless semiconductor company established in 2006. Valens Automotive, a 
division of Valens, was established in 2015 to deliver resilient, ultra-high-speed in-vehicle 
connectivity. Valens’ patented HDBaseT technology is used by the world’s largest audio/video 
component manufacturers in the audiovisual and consumer electronics markets, enabling 

the highest quality of connectivity without the limitations of legacy infrastructure. Valens 

continues to push the boundaries of wired connectivity everywhere. For more information, 

visit https://www.valens.com/automotive-solutions

ABOUT VALENS

https://www.valens.com/automotive-solutions
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