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This paper describes a highly integrated SXGA high 

speed, high sensitivity CMOS image sensor targeted 

at various industrial monitoring applications. 

Implemented in a 0.25 um CMOS process, the sensor 

runs at 500fps and features triggered and pipelined 

shutter modes. The sensor packs 24 parallel 10-bit 

A/D converters with an aggregate conversion rate of 

740 MSPS. On-chip digital column FPN correction 

allows the sensor to output ready-to-use image data 

for all but the most demanding applications. In order 

to allow simple and reliable system integration, the 13 

channel 8 Gbps LVDS serial link protocol supports 

per channel skew correction and serial link integrity 

monitoring. Peak responsivity of the 14x14um 6T 

pixel is 7350V/s/(W/m^2). Dynamic range is 

measured to be 57dB. In full frame video mode the 

sensor consumes 1.2W from a 2.5V power supply. 
 

Introduction 

 
LVDS is an emerging interface of choice on CMOS 

image sensors. Using LVDS camera developers can 

build compact camera heads by physically separating 

image capture and image processing. Recently, image 

sensors with on-chip LVDS serial links have been 

presented. In [1] a sensor is presented with a single 

LVDS channel interface. In [2] the authors describe a 

sensor with a 9-channel interface proving a 4Gbps link 

interface packed together with a low-resolution ADC. 

The sensor being presented combines more parallelism, 

higher ADC resolution and higher power efficiency than 

previously reported.  

 

Image Sensor Design 

 
The sensor (Figure 1) consists of an image core, 24 

analog front-ends, a digital data processing block, an 

LVDS interface, timing control and registers. All bias 

currents and reference voltages are generated on-chip, a 

POR and a temperature monitor circuit are foreseen. 

 

The pixel array contains 1280x1024 6T pixels (Figure 2) 

to display the recorded image (Figure 3) as well as a 

number of dummy rows and columns. Black columns are 

available for read-out and can be used to support off-chip 

black-level calibration accounting for most important 

shifts in black level due to PVT variations. An average 

black value can be derived from the black columns 

which can be used to set the ADC black reference 

through the register interface.  

 

The pixel array data is sampled and stored in the 

columns and sequentially read out in 54 kernels for each 

line. Each kernel consists of 24 pixels and the analog 

data is multiplexed over 24 analog busses. In order to 

support intelligent subsampling in both B/W and RGB 

products, the columns are connected to the busses in a 

triangular shape rather than a more typical sawtooth 

(Figure 4). A beneficial side-effect is that any 

mismatches between the 24 busses and subsequent 24 

analog processing channels due to IR-drop or other 

spatial differences –although already minimized by 

careful design and layout – get smoothed out into less 

visually disturbing patterns. 

 

Analog Front End

                                                                      IMAGE CORE

Data Block

LVDS Interface

Timing

Control

BIAS

POR

REG

1280x1024 Pixel Array

Y
-C
o
n
tr
o
l

Y
-C
o
n
tr
o
l

Column Structures & Multiplex Busses

TD

 

Figure 1: Block Diagram 

 

 

Figure 2: Pixel Architecture 
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Figure 3: Frame Format 

 

 

Figure 4: Multiplex bus connections 

The analog front-end consists of a programmable gain 

amplifier and a low-power 10-bit pipelined ADC. Using 

commutated feedback switching [3], capacitor sizes are 

minimized and a power efficiency of 0.5pJ/bit is 

achieved. Implementing 24 ADCs in parallel introduces 

some interesting challenges in the layout. The ADCs are 

implemented as 24 slices of ADCs sharing common 

supply lines and reference voltages. 10 different pads 

connect to the ADC power supply and in order to further 

minimize IR-drop, up to 400um wide power busses are 

used with > 30nF of on-chip decoupling. The resulting 

dynamic IR-drop on the ADC power supply is limited to 

<5mV in the center of the die. Another challenge is 

presented by the reference voltages shared by the 

different ADCs. Any difference in reference voltage 

across the die results in a gradient in the image within 

each kernel. The ADC system has a low-bandwidth 

reference buffer and a large decoupling cap to average 

out spikes of current pulled by the 24 parallel blocks. If 

the average net current pulled from the cap is different 

for different codes, a sustained input at one level could 

disturb the AFE reference voltage before the amplifier 

kicks in to correct the voltage level. The reference 

voltage buffer was designed to ensure the difference in 

differential reference voltage due to a sustained black or 

white input level was < 0.5mV.  

 

Column FPN calibration is implemented by applying a 

fixed voltage to all columns during frame blanking time. 

One line is then read out and the data is stored in an on-

chip memory. For all subsequent lines, the stored value is 

subtracted from the pixel data. This way all FPN related 

to column circuit, PGA and ADC offsets is corrected. 

 

Data from the 24 ADCs is multiplexed to 12 parallel data 

channels.  The data block supports the communication 

protocol, and is capable of correcting column FPN. A 

13
th

 data channel is dedicated to sending frame and row 

synchronization as opposed to 8B/10B like encoding, 

where synchronization data is embedded in the data 

stream. This strategy is straightforward to implement, 

scales easily with word-size and has a particularly low 

overhead considering the parallelism. When the sensor is 

not transmitting image data, a training pattern is 

transmitted that allows the receiver to lock on to the data 

phase. During image transmission, CRC codes are 

inserted in the data stream during row blanking to allow 

monitoring link integrity. Also in the logic design, care 

has to be taken to avoid the parallelism and large 

distances to be travelled causing any problems. The 

number of critical signals travelling across the die at high 

speed must be minimized. Although it is feasible to 

transmit data across the 2 cm over which the channels 

are spread within a 65 MHz clock cycle, too many 

critical signals would blow-up the complexity of top-

level timing closure. Therefore, most control signals 

from the sequencer have been daisy-chained from one 

data channel to the next and re-synchronized at each 

channel.  

 

The LVDS interface accepts a 310 MHz input clock from 

which clocks and load signals are generated for the 13 

transmit channels and for one replica channel used to 

transmit a DDR clock to the receiver, synchronized with 

the data stream, hence simplifying clock recovery and 

mitigating the risk of low frequency jitter affecting serial 

link integrity. The 620 Mbps LVDS transmitters are 

compliant with the TIA644 standard. The implemented 

interface allows the sensor to be controlled and read-out 

by a standard FPGA without the need for any separate 

buffers or deserializer ICs. 

 

The on-chip logic has been implemented to support 

many different operating modes such as triggered and 

pipelined shutter, master and slave operation, multiple 

slope for wide dynamic range applications, subsampling 

in X&Y, random windowing in X&Y, multiple 

windowing (up to 4 independently programmable 

windows), by programming the register interface.  

 

A high degree of testability is ensured by scan chains for 

the 300k gates of logic, allowing to meet a 99.5% 

coverage for the logic, a dual mixed signal boundary 

scan bus and several BIST features. 
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Experimental Results 
 

Full characterization has been finalized and the product 

is ready to go into full production. The key sensor 

specifications are listed in Table 1;  

 

Table 1: key specifications and measurements. 

Parameter Value Remark 

Pixel size 14 x 14 µm
2
  

Pixel array 1280 x 1024  

Pixel type NWell – 6T  

Interface Serial LVDS 
TIA644 

compliant 

Frame Rate 500fps  

Data Rate 8Gbps  

Main power 

supply 
2.5 V  

Power 

Consumption 
1.2 W  

Full well 30 ke-  

kTC noise 28 e-  

Read noise 28 e-  

Responsivity  7350V/s/(W/m2)  

DR 57.6dB Intra-scene 

ADC 

resolution 
10-bit  

LVDS jitter 50 psRMS 
TIA644 

compatible 

Chip size 22.5x22.5mm
2 

 

Package 
168 pins ceramic 

µPGA 
 

 

A receive-end eye diagram for one of the LVDS output 

channels is shown in Figure 5. Random jitter is less than 

50 ps. The design efforts to minimize duty cycle 

distortion typically resulting from DDR operation are 

shown to be successful. 

 

 

Figure 5: Receive-end eye diagram 

Table 2 lists the sensor main spatial noise components. 

Without column FPN correction enabled, column FPN is 

as high as 13mVRMS. Enabling column FPN correction 

yields a 1.8mVRMS remaining column FPN. The temporal 

noise increases because the read-noise is added twice as 

expected from the applied methodology which shows the 

additional logic operations and memory-access do not 

significantly disturb the noise performance of the sensor. 

Table 2: Spatial Noise 

FPN 14 mVRMS  

Column FPN 13 mVRMS 

1.8 mVRMS with 

column FPN 

correction 

enabled 

PRNU < 1% % of full scale 

Dark Signal 170mV/s @ 30C 

DSNU 14 mV/s @30C 
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Figure 6: Column FPN with and w/o  

on-chip correction 

 

An offline corrected image of a test chart is shown in 

Figure 7. 

 

 

 
Figure 7: image from the sensor with off line FPN 

correction. 
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Conclusion 
 

In this paper we presented a low-noise, high sensitivity 

SXGA image sensor for up to 500fps industrial imaging. 

The sensors integrates A/D conversion, on-chip timing 

for a wide range of operating modes and features an 

LVDS interface for easy system integration. By 

removing the visually highly disturbing column 

patterned noise, this sensor allows building a camera 

without having to perform any off-line correction or the 

need for any memory making this sensor highly suitable 

for lower-cost applications. Moreover, since the on-chip 

column FPN correction is more reliable than an off-line 

correction as it is intrinsically compensated for supply 

and temperature variations, this sensor also allows to 

build reliable high-end camera’s without having to worry 

about column FPN appearing in environments with 

highly varying ambient temperatures. 
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