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Abstract 

In this paper we describe a flexible architecture that allows for the development of a wide range of high resolution, high speed linear image 

sensors at minimal incremental cost per new sensor design. This architecture has been used to develop a family of image sensors for use in 
high speed industrial imaging. These family members differ in terms of pixel count (2k to 8k), pixel size (7 um, 10 um, and 14 um), number 
of imaging lines (2 to 4), and effective line rate ( up to 140 kHz). Select members of the family have been implemented as multi-line colour 
imagers for use in high end print inspection, and a quad line version has been implemented in two versions, one with enhanced luminosity 
sensitivity, and one targeted to applications that require R, G, B and near IR discrimination. 
 

Introduction 

CMOS image sensor (CIS) technology has been slow to displace CCD technology in high performance industrial imaging. In part, this is due 

to the higher development cost associated with CIS solutions. Industrial linescan applications typically require larger sensor dimensions than 
can be achieved with a single reticle. Stitching is commonly used to achieve the required resolutions. If properly implemented a stitched 
mask set can be used to manufacture sensors with different dimensions. In this development we have used a stitched architecture to develop 
sensors ranging from 2k pixel resolution to 8k pixel resolution [1]. 
 
Further, use of a small pitch, high bandwidth column circuit architecture followed by an analog signal mux and stand-alone serial ADCs has 
allowed us to develop different sensor family members in which we increase line rate and/or row count in proportion to an increase in pixel 
pitch. The same high net data rate is maintained across all family members independent of pixel pitch [1]. 

 
Architectural Implementation 

Figure 1 illustrates the block diagram for an individual stitch slice. Each slice is configured with 2k pixels in a 7 um pitch [1], 1.36k pixels in 
a 10.5 um pitch, or 1k pixels in a 14 um pitch. The pixel is based on a 3T-like architecture [6] in which all switching, reset, and read circuitry 
is located external to the pixel in order to maximize fill factor. The architecture allows for a zero spacing between pixel rows for sensors 
targeted to multi-line monochrome imaging [4], and a non-zero spacing for sensors targeted to multi-line colour imaging. Each column is 
configured with two sets of sample and hold (S&H) circuits which operate in a ping-pong fashion in order to achieve true pixel level CDS 
operation with maximum data throughput.  

 
The column readout circuits are configured to multiplex two rows in parallel each through 4 signal chains per slice. In each chain the column 
data is multiplexed in the analog domain to a stand-alone CDS circuit to remove fixed pattern column noise, and then digitized to true 12 bit 
code by a stand-alone pipelined ADC. Each data chain operates at a data rate up to 50 MHz. The use of this hybrid column/stand-alone 
circuit architecture allows us to scale the line rate and/or the number of imaging rows in proportion to the pixel pitch. Such flexible 
functionality is not possible with purely column-based analog signal chains where the line rate is typically limited by the conversion time of 
the digitizer.  
 
The sensor design has been implemented in a 0.35 um, stitched, CMOS image sensor process. One of the family members that has been 

fabricated is a tri-linear colour sensor with a 10.5 um pixel pitch and a 70 kHz line rate. The ability to perform full spatial sampling across all 
3 colours is important for high end colour inspection application like print inspection where Moiré effects cannot be tolerated. QE curves for 
the red and blue pixels are plotted in Fig. 3 for the present device and for a dual line colour device that we reported on earlier [1] in which 
one row is composed entirely of green pixels and the second row is composed of alternating red and blue pixels. Note that the red and blue 
crosstalk of the TRI-linear device reaches a minimum of 1% @ 620nm. 
 
Colour crosstalk is also minimized by spatially separating the colour rows from each other. The region between rows is configured with 
drains to minimize charge collection from light absorbed in these regions. However synchronization and registration requirements in the web 

being imaged become more challenging as the row separation is increased. Modeling was performed to optimize the selection of the row 
spacing. Opportunity for colour crosstalk was further minimized by arranging the individual data channels to process data from single colour 
rows as illustrated in Fig 2. While two of the columns support the outer row, the third column serves every other pixel of the inner row. 
 
Another of the devices that has been fabricated is a quad-linear sensor with a 14 um pixel pitch Fig. 4. Different colour filter array patterns 
have been applied to the quad-linescan device including a version with individual R, G, B, and monochrome rows, and a version with R, G, 
B, and IR rows for extended spectral content. Also, as illustrated by the results in Fig. 5 experiments have been performed with different 
starting wafer materials to optimize QE in the near IR.  

 
A summary of the key performance specifications is captured in Table 1.  
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Fig. 1 – Block diagram of a single stitch slice 
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Figure 2: TRI-Linear Device, 10.5um pixel pitch 
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Figure 3: QE comparison, 500-700nm, Dual 7um vs TRI-Linear 10.5um 

 

 

 

 
 

 
Figure 4: QUAD-Linear Device, 14um Pixel Pitch 

 

 

 
  



 

 

 

 
Figure 5: QE of Dual Device, 10um Pixel Pitch, 4um vs 7um epi 

 
 
 
 
 

Sensor Performance 7um Pixel 10um Pixel 14um Pixel 

Resolution  8k 4k 2k, 1k 

Number of Lines 2 2 / 3 2, 4 

Fill factor 100% 100% 100% 

Full Well capacity 25 ke- 

Conversion Gain 0.140 DN/e- per line 

Fixed Pattern Noise per channel < 40 DN 

Photo Response Non-Uniformity 5% 

Random noise 12e- 

Dynamic Range 67 dB 

Non-linearity, 10..90% saturation signal 2 % 

Line Rate 70kHz 100kHz 140kHz 

Table 1: Overview of sensor performance 
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