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The Evolving Landscape of CMOS Image Sensor Interfaces 
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As modern image processing and computer vision applications push the boundaries of resolution, frame rates, and data 

throughput, CMOS image sensor technologies have evolved rapidly to meet these growing demands. From industrial 

automation and scientific imaging to autonomous vehicles and high-end consumer electronics, advancements in sensor 

technology are driving innovations in high-speed, low-latency data transmission. With the rise of 4K, 8K, and even 

higher-resolution imaging systems, the need for high-performance, scalable sensor interfaces is more critical than ever. 

 

Key players in this evolution include Sony Semiconductor, a leader in image sensing technology, with its proprietary 

Scalable Low-Voltage Signaling with Embedded Clock (SLVS-EC) interface. Designed for high-speed, high-bandwidth 

applications, SLVS-EC exemplifies how proprietary interfaces are tailored to meet the challenges of modern vision 

systems while ensuring efficient, low-latency communication. Sony’s CMOS sensor lineup and their advanced interface 

technologies can be explored further on our Macnica Americas website, where you can find comprehensive resources 

to guide your imaging system development. 

 

Complementing these technological innovations, companies like Macnica Americas provide crucial support through 

high-performance IP cores and embedded solutions that accelerate system development. One of Macnica’s key 

offerings is the SLVS-EC IP Core, designed to simplify integration and optimize the performance of high-speed vision 

systems. For further details on how Macnica’s IP solutions can enhance your designs, visit the SLVS-EC IP Core product 

page. 

 

This paper provides a comprehensive comparison of the major CMOS image sensor interface standards, including 

Sony's SLVS-EC, LVDS, Sub-LVDS, and MIPI CSI. By understanding their differences in terms of data rates, scalability, and 

design complexity, system architects can make informed decisions when selecting the ideal interface for their specific 

application. 

 

 

 

 

 

https://www.macnica.com/americas/mai/en/products/semiconductors/sony-image-sensors/
https://www.macnica.com/americas/mai/en/products/ip-software/slvs-ec-3-rx-ip/
https://www.macnica.com/americas/mai/en/products/ip-software/slvs-ec-3-rx-ip/
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Comparison of CMOS Image Sensor Interfaces 

 

Here is a detailed comparison of Sony’s SLVS-EC (Scalable Low-Voltage Signaling with Embedded Clock) high-speed 

sensor interface with other commonly used sensor interfaces like LVDS, Sub-LVDS, and MIPI CSI-2. 

 

 
SLVS-EC v3.1 Sub-LVDS SLVS 

MIPI CSI-2 

D-PHY 

MIPI CSI-2 

C-PHY 

MIPI CSI-3 

M-PHY 

Data rate per lane V1.2: 2.3Gbps 

V2.0: 5.0Gbps 

V3.0: 10.0Gbps 

V3.1: 12.5Gbps 

0.576Gbps 0.297Gbps 

0.445Gbps 

0.594Gbps 

0.891Gbps 

V1.0: 1.45Gbps 

V1.2: 2.5Gbps 

V2.0: 4.5Gbps 

V3.0: 9.0Gbps 

V1.0: 2.5Gsps 

V1.1: 2.8Gsps 

V1.2: 3.5Gsps 

V2.0: 6.0Gsps 

V1.0: 1.45Gbps 

V2.0: 2.9Gbps 

V3.0: 5.8Gbps 

V4.1: 11.6Gbps 

V5.0: 

23.32Gbps 

Number of lanes Up to 8 and 2x8 10 or more Up to 8, 4x4 4 or more 3 4 

Error correction FEC (RS) None None None None Resend/AQR 

(CRC) 

Line coding V2.0: 8b10b 

V3.0: GCC 

(31/32b) 

None None None 16 to 7 Mapper 

Differential 

ENDEC 

8b10b 

Clock Embedded 

Clock 

DDR 

Synchronous 

clock 

DDR 

Synchronous 

clock 

DDR 

Synchronous 

clock 

Embedded 

Clock 

Embedded clock 

Lane length matching Not required Required Required Not required Not required Not required 

Scalability  High Limited  Limited  Moderate  Limited  High 

Standardization Originally Sony 

Proprietary – 

now standard 

by JIIA 

Open Sony 

Proprietary* 

(LVDS 

equivalent) 

MIPI Alliance MIPI Alliance MIPI Alliance 

Ease of 

Implementation  

High to 

Moderate (with 

OTS IPs) 

 

Low Low Low to 

Moderate 

High High 
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1. SLVS-EC (Scalable Low-Voltage Signaling with Embedded Clock) 

 

The SLVS-EC interface is a proprietary high-speed communication protocol developed by Sony for CMOS image sensors, 

and now standardized by JIIA (Japan Industrial Imaging Association). It is specifically designed for applications that 

require high performance, such as industrial vision systems, scientific imaging, and advanced consumer devices. The 

data rate capabilities of SLVS-EC often exceed 10 Gbps per lane, making it suitable for high-throughput requirements. To 

ensure data integrity, SLVS-EC incorporates error detection using CRC and employs Reed-Solomon forward error 

correction. 

 

SLVS-EC is highly scalable, with support for a wide range of baud rates and various lane configurations, including 1 to 16 

lanes and configurations such as 2x8 or 2x6. This flexibility allows designers to tailor the interface based on specific 

bandwidth needs. The embedded clocking mechanism in SLVS-EC further simplifies design by reducing the need for 

length matching to address lane skew issues. This interface is commonly used in high-speed, high-resolution cameras 

where fast readout and data transfer are critical. 

 

The key advantages of SLVS-EC include its high bandwidth efficiency due to the embedded clocking system and its 

scalable architecture, which enables it to support higher resolutions and frame rates. As a result, it is ideal for 

demanding applications in industrial and professional imaging. However, its proprietary nature means that it typically 

requires either third-party IP licensing or substantial development effort. For instance, Macnica’s SLVS-EC IP Core can 

significantly simplify the integration process. Another consideration is that the interface generally requires high-speed 

transceivers and FPGAs, which can increase overall system cost. 

SLVS-EC IP Core product page 

 

2. LVDS (Low-Voltage Differential Signaling) 

 

LVDS is a generic differential signaling standard commonly used for various applications, including legacy image sensor 

communication. However, its data rate is typically limited to around 594 Mbps per lane, which restricts its use in 

modern high-performance applications. Although LVDS can support multiple lanes, its overall bandwidth is constrained 

due to the low data rate per lane. 

 

One of the key limitations of LVDS is its requirement for a separate clock signal, which complicates design and increases 

susceptibility to timing skew. This makes it less efficient compared to interfaces with embedded clocking mechanisms. 

LVDS is often used in older-generation image sensors or systems that have moderate speed requirements. 

 

 

https://www.macnica.com/americas/mai/en/products/ip-software/slvs-ec-3-rx-ip/
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Despite its limitations, LVDS offers several advantages. It is a well-established standard and relatively easy to implement 

in most devices. It also has low power consumption, making it a suitable choice for low-cost systems. However, its 

limited bandwidth and separate clocking requirement make it unsuitable for high-speed applications in modern imaging 

systems. 

 

3. Sub-LVDS and SLVS 

 

Sub-LVDS and SLVS are variations of the LVDS standard, with SLVS being a proprietary interface used primarily in Sony 

image sensors before the introduction of SLVS-EC. The primary difference between SLVS and Sub-LVDS lies in the lower 

common voltage of the differential signals in SLVS, which helps reduce power consumption. 

 

The data rate for Sub-LVDS is generally higher than standard LVDS, typically reaching around 1 Gbps per lane. Like LVDS, 

it can support multiple lanes, but its overall bandwidth is still limited. Sub-LVDS and SLVS generally require a separate 

clock signal and careful length matching to minimize skew, which can complicate design. 

 

These interfaces are commonly used in legacy Sony image sensors or systems that prioritize lower power consumption. 

Sub-LVDS offers the advantage of reduced power consumption compared to standard LVDS, and it is often compatible 

with existing LVDS infrastructure. However, the slower data rates and separate clock signal requirements present 

challenges for applications requiring high throughput and efficiency. 

 

4. MIPI CSI-2 (Camera Serial Interface 2) 

 

MIPI CSI-2 is a widely adopted industry standard developed by the MIPI Alliance for camera interfaces. It is used 

extensively in consumer electronics, including smartphones, automotive cameras, and IoT devices. MIPI CSI-2 supports 

data rates of up to 2.5 Gbps per lane in standard configurations, and newer versions such as D-PHY v3.0 and C-PHY can 

achieve rates of 5-6 Gbps per lane. 

 

The scalability of MIPI CSI-2 makes it suitable for a range of applications, with support for up to 4 lanes or more in 

advanced configurations. Some newer versions, including C-PHY and M-PHY, utilize embedded clocking, which reduces 

design complexity compared to traditional clocked systems. 

 

MIPI CSI-2’s key advantage is its open standard, which is widely supported by a broad ecosystem, making it a cost-

effective option for many applications. However, it may not be ideal for cutting-edge applications requiring extremely 

high data rates and scalability, as its maximum throughput is lower than that of SLVS-EC. Additionally, adopting newer 

versions of the standard can be costly and time-consuming, especially in sectors like industrial or security imaging. 
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Conclusion 

 

SLVS-EC is the clear choice for high-performance applications where extreme data rates and scalability are necessary. Its 

proprietary nature may limit adoption outside specialized markets, but solutions like Macnica’s SLVS-EC IP Core help 

mitigate integration challenges and expand its usability. On the other hand, LVDS and Sub-LVDS remain suitable options 

for legacy systems with lower bandwidth requirements. Meanwhile, MIPI CSI-2 is well-suited for consumer electronics 

and moderate-performance use cases but may struggle to meet the demands of high-end imaging systems. 

 

The selection of an interface depends on specific application requirements, such as bandwidth, scalability, power 

consumption, and overall cost. With ongoing advancements in sensor interfaces, designers have a variety of options to 

optimize their system designs and achieve superior performance. 

 

For more information or assistance with integrating imaging solutions into your projects, please contact us. Our team is 

ready to help you achieve optimal performance tailored to your needs. 
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