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Outline of this Presentation 

Å Intro 

ÅMiniaturization ï System on a chip 

ÅHigh-speed Image Sensor 

Å Image Sensor with ultimate sensitivity 

Å Further trends  

ÅSmart Image Sensor and application to NDT 
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State of the art: Charge-Coupled Devices (CCD) 

ÅSet the reference for high performance electronic imaging for more than 2 

decades 

ÅHigh resolution   10,560 pixels x 10,560 pixels 

ÅSmall pixel  < 2ɛm 

ÅHigh QE  50-90% in visible range 

ÅRead-out noise  å 5e- (ex. Fairchild, CCD486)  

ÅGood DR   > 85dB 

Å Limited framerate  typically video rate 

 

Å Invented by Boyle & Smith, Bell Labs, 17 Oct. 1969 

ÅNobel Prize 2009 
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CMOS image sensors 

ÅMotivation 

ÅMonolithic integration -> Miniaturization -  ñcamera on a chipò 

Å Low power / low voltage 

ÅBased on mainstream mass production techniques -> low costs 
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Example of Digital Camera-on-Chip, 1998 

Å Integration of control and readout electronics on 

chip becomes possible, reducing further the 

footprint, overall power consumption and 

complexity. 

 

ÅExample 

Å Die size  6.4x4.8 mm2 

Å Output rate   60 frames/s 

Å Consumption 12mW 

Å On-chip ADC 10 bit ADC 

Å Voltage supply  2.4 to 3.2 V 

Å Auto-exposure, preview mode 

Å Serial programming / configuration 

CSEM Centre Suisse dËElectronique et de Microtechnique 
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Application example: Security 

ÅSingle-chip CIF-resolution low-light imager 

ÅObstruction detection 

ÅSignal analysis of object size,direction, speed, room 

information 

ÅPost-alarm evaluation of causes 

Winner of the IFSEC Security Industry Innovation Award 2006 
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Å Optical front-end of 320 x 240 pixels (QVGA) 

Å High Dynamic Range 130 dB (23 bits) 

Å Digital Log representation of the luminance, 

contrast and orientations 

Å 50 MHz 32 bit icyflex uC/DSP 

Å Programmable with gnu C 

A complete low power Vision System on 43 mm2 (~20ô000ô000 transistors) 

Combination of a Digital log pixel array and a 50 MHz DSP system 

Today complete Vision System on a Chip: IcyCAM 

Digital HDR log pixel array 

50 MHz DSP system 

Memory 
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High speed imaging: ñThe pastò 

ÅSpatial resolution:  768 x 1024 pixels 

Å Interpolated:   1536 x 1024 pixels 

ÅDie size:   20 x 14 mm2 

ÅOutput rate of   1ô000 frames/s 

 

ÅProducts of Weinberger AG, Dietikon 

ÅSpeedCam Visario 1500 and G2 

 

ÅPotential applications: Imaging of fast processes in 

aerodynamics, crash test, ballistics, detection of 

defectsé  
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High Speed Imaging: Digital Sensors 

ÅImage sensors with a few 1ô000 frames/s @ megapixel resolution 

ÅExample of fully digital sensor @ 8ô000 fps 

ÅTest sensor with 256x256 pixels, scalable to 1.3Mpixels 

ÅOn-chip frame sequencer (with ext. trigger) 

ÅOn-chip auto-exposure controller 

ÅWindowing & 4* ROI triggering 
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Example: Bursting of water balloon @ 2ô000 fps 

1 2 3 4

5 6 7 8
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High Speed Imaging: Line sensors 

ÅResolution  2 x 2048 pixels 

ÅPixel pitch    9.5x9.5 mm 

ÅOptical fill factor > 90 % 

Å Frame rate    80ô000 frames/s 

 

ÅSensor with frame rate > 150ô000 

frames/s under development 

 

ÅPotential applications: NDT in textile, cable, 

packaging industries, é 
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State-of-the-Art Low-Light: Electron Multiplying-CCD 

Colin Coates, Andor Technology 

http://www.emccd.com/emccd_in_use/presentations/ 
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State-of-the-Art Low-Light: Electron Multiplying-CCD 

ÅNear single-photon detection 

ÅMultiplication process through impact ionization 

ÅGain pro stage 1.003 ï 1.016 

ÅHigh overall gain (up to 1ô000)  

 

ÅBUT 

Å Need for cooling (dark count) 

Å Excess noise due to the electron multiplying effect 

ÅComplicated operation and quite expensive 

Å Limited dynamic and frame rate  

Å Spatial resolution currently up to 1 Mpix 

 

http://www.emccd.com/ 
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Close to single-photon detection é 

Å Test chip with 256x256 pixels 

ÅBuried Photodiodes, 018mm CMOS 

 

ÅRead-out / overall noise  < 2erms 

Å 3-5 photons / pixel 

 

Å Low power core   < 10mW @ 1.8V 

 

ÅArchitecture scalable to 1280x1024 pixels @ 60 frames/s 

ÅOne of the most sensitive CMOS sensor world-wide (without APD) 
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é Combined with High Dynamic Range 

High-dynamic scene 

(>140 dB) 
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Amplifying Pixel 

Readout noise: 

0.9 electrons  

 

 

 

Parameter Value 

Pixel pitch 11µm 

Fill factor 40% - 48% 

Transistor count 4 

Pixel conversion factor (linear) 300µV/e- 

Linear range 3 ke- 

Full well capacity 34 ke- 

Dynamic range (Texp = 17ms) 87.1dB 

Å Test chip with 256x256 pixels 

ÅBuried Photodiodes, 018mm CMOS 

ÅRead-out noise < 1erms 
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Trends in image sensors: Smaller pixels 

ÅSmaller pixel at higher spatial resolution 

 

Å For small pixel size (3-5 micron): 

Åmicrolenses 

 

 

Å shared transistors 

 

 

Å For even smaller pixel size:  

ÅBack Side Illumination 
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E.g. MT9D011 of Micron uses a shared floating diffusion  

Reducing the pixel cell size from 3.2µm x 3.2µm to 2.8µm x 

2.8µm, resulting in a 40% fill factor 
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Front Side (FSI) versus Back-side Illumination (BSI) 

CSEM Centre Suisse dËElectronique et de Microtechnique 

CCD Arrays cameras and displays, 

G.C. Holst 
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Front Side (FSI) versus Back-side Illumination (BSI) 

 

 

 

Å Sources: http://www.sony.net/  
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Low Coherence Interferometry (LCI) 

     

   Laser Interferometry LI 

 

Low Coherence Interferometry LCI 

Laser 
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LCI: Optical Coherence Tomography (I) 

Å Application example to ophtalmology 

Å Depth resolution  ~ µm 

Å Lateral resolution ~ µm 

Å Depth Range ~ mm 

Å Sensitivity  > 100 dB 

Å BUT Acquisition time ms ï min 

Å Smart optical sensor for the processing of     å 

10ô000 interferometers in parallel 

 

 

 

 

Fujimoto, Opt. Express 12 (2004) 
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LCI: Optical Coherence Tomography (II) 

ÅParallel optical coherence tomography / white 

light interferometry 

ÅAcquisition of volume images and 

topography in real-time 

ÅHigh spatial resolution: 1 ï 10 microns, 

down to a few 10nm 

ÅDetection of amplitude and phase of an 

interferometric signal in every pixel 

 

ÅExample: Topography of microlens 
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ÅExample: OCT microscopes of CSEM startup company Heliotis AG 

 

 

 

 

 

 

 

 

Å Processing rate: 40 Gpixels/s.  

Å Depth resolution: Small angle: 10-50 nm; medium angle: 1-10 µm 

Å Maximum distance: a few cm. 

 

 

LCI: Optical Coherence Tomography (III) 
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3D Vision Module H3 (courtesy of Heliotis) 

Applications 
> in-line quality inspection 
> lab automation 
> surface roughness 
> geometrical feature control 
> OEM integration  
> statistical process control 
Features 
> surface topography  
> volume tomography 
> robust and fast 
> sub-um resolution 
> measures any surface  
> small form factor 
> software modules for rapid  
integration (Windows, Mac, Linux) 
> modular system of linear motors  
  (portal robot) 
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3D Vision Module H3 ï Defect analysis (aerospace application)  

2D-AOI is used  
to identify potential defects  

3D-AOI is used  
to characterise defects quantitatively 
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Heliotis Optical Profiler ï Solar cell inspection 

ÅInspection of solar cells / solder paste / automated finger characterisation  

ÅSwiss equipment manufacturer 
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Heliotis Optical Profiler ï Solderpaste inspection 
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Summary 

ÅRecent developments notably in CMOS image sensors 

enable the manufacture of imaging devices with high-

performances 

ÅUltra-low noise 

ÅHigh-dynamic range 

ÅUltra-high speed 

 

ÅSmart CMOS image sensors can become instrumental for 

Non-Destructive Testing, e.g. for 3D imaging 
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