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Types of Implementation 

• Basic concept of smart CMOS image sensors 

(a) chip-level processing 

(b) column-level processing 

(c) pixel-level processing 
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Other Features 

• Random access to an arbitrary pixel 

• Non-destructive readout or multiple readout 

 (Note that the original 4T-APS cannot be 
applied for non-destructive readout) 

• Integration of signal processing circuitry in 
each pixel and/or each column and/or a chip 
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Reducing Dark Current 

• Cooling 

• Near zero bias circuits for reducing dark 
current in an APS 
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Active Reset 

• Active reset circuits 

– (a) conventional 3T-APS 

– (b) 3T-APS with active reset  
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Differential APS 
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Geiger Mode APD 

• SPAD: single photon avalanche diode. 

– Spike-like signal, not analog output 

– Produced pulse count proportional to light 
intensity 
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Global Shutter 

• Image lag is critical for frame rate > 1000fps 

• 4T-APS is not suitable due to long transfer time 

• Hard reset is necessary 

• Global shutter 
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Wide Dynamic Range 

• Human eye : 200dB 

– 2 sensing cell : cone & rods 

– Nonlinear response 

• Conventional CIS : 60-70dB 

• Security/automobile requirement : >100dB 

• WDR approaches 

– Nonlinear response 

– Multiple exposure 

– Saturation detection 
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Enhancing Dynamic Range 
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Synthesized WDR Image 
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Smart CMOS Sensors for WDR 
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Dual Sensitivity 

• Two PD : Higher & lower sensitivity 

– Mimic human eye 

•  In 4T-APS, FD can be used as lower sensitivity 
diode. 

– Synchronized high/low illuminated signal capture 

– No timing latency 
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Log Sensor 

• Nonlinear response 

• Small signal at low light 

• Slow response 

• Fixed pattern noise 

• Linear-Log (LinLog) sensor 

– Linear response for low illumination 

– Log response for high illumination 

– Need calibration in the transition region 



Mixed-Signal IC Design for Image Sensor 4- Chih-Cheng Hsieh 20 

LinLog Sensor 
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Well-Capacity Adjustment 

• Overflow control for high illumination 

• Stacked capacitor to increase well capacity (DR) 
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Reset Control & Extra Cap.  

• Different approached for WDR 

– (a) method to control the reset transistor 

– (b) method to use another accumulation capacitor 
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Dual Sampling 

• Multiple readout scheme for wide dynamic 
range 

– Long exposure Tl for low-illuminated object 

– Short exposure Ts for high-illuminated object 

– Need synthesis to combine images 

– SNR drop issue 
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Multiple Sampling 

• Fixed short time exposure 

– TI=integration time 

– Tf=frame time 

– Ts=short integration time 

– k=number of reading the short time integration 

 (k=1 is Double sampling) 

• SNR dip at boundary of exp. 

• Dynamic range expansion 
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SNR DIP of Multiple Exposure 
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Multiple Sampling(cont’d) 

• Varying short exposure times 

– Ts,min=minimum exposure time. 

– LA: long accumulation 

– SA: short accumulation 

– VSA: very short  

 accumulation 

– ESA: extremely short  

 accumulation 

• Optimized SNR dip. 
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Saturation Detection 

• Asynchronized automatic exposure control of each 
pixel 

• Worse reset noise : hard to cancel 

• Basic approaches 

– Saturation count 

– Pulse width modulation 

– Pulse frequency modulation 
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Demodulation Sensor 

• Object illuminated by a modulated light 

• Demodulate acquired signal from sensor 

• High SNR due to static background removal 

• Accumulation will erase the modulation info. 

• Applications 

– Intelligent transport system 

– Gesture recognition (xBox) 

– Object tracking 

– 3D range finder  (time-of-flight) 
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Principles of Demodulation 

• Concept of a demodulation image sensor 
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Correlation 

• Conceptual illustration of the correlation method 
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Two Accumulation Regions 

• Concept of the two accumulation regions method 
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Demodulated CIS Pixel 

• FD1 : modulation + bgnd 

• FD2 : background 

• FD1 – FD2 =         
modulated signal 
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Sample Image 

• Cat is illuminated by modulated light only 

– (a) normal image 

– (b) demodulated image 
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Tracking 

• Demonstration of marker tracking 

– Left column: modulated pattern 
extracted by the sensor 

– Middle column: modulated and 
background signal 

– Right column: output from only the  

 background light 

– Bottom figure: the moving trace  

 of the marker 
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3D Range Finder 
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Common 3D Imaging Tech.  

• Time-of-flight (TOF) 

– Direct 

– Indirect 

• Triangular 

– Binocular 

– Structure light 

• Light-intensity 
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3D Range Finders Methods 
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Time of Flight (TOF) 

• Measure distance by round-trip time of flight 

– L = Distance 

– T = round-trip time 

– C = speed of light 

• Simple system 
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Direct TOF 

• Measure round-trip time directly  

• Require high speed photodetector and high 
speed precision timing circuit. 

– L = 3m, T = 10 psec 

– Suitable sensor : APD  

• Wide measuring distance range : m ~ km 

• Need averaging to improve accuracy 
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Indirect TOF 

• 2 same duration (tp) pulse with delay td 

• 2 different duration pulse (t1 & t2) with 0 delay  
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Indirect TOF with delayed pulses 
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Indirect TOF(cont’d) 

• Operation principle of indirect TOF with 
sinusoidal emission light 
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Triangulation 

• Measure distance by triangular geometrical 
arrangement 

– Passive : Binocular (stereo vision) method 

– Active: Structure light method 
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Binocular Method 

• No light source 

• Two sensor with identical FOV 

– Complicated system accuracy requirement 

• Single sensor with pattern optical-block layer 



Mixed-Signal IC Design for Image Sensor 4- Chih-Cheng Hsieh 47 

Structure Light Method 

• Require structure light source 

– Require scanning system 

– Require special optics system 

• Background cancellation 

– Need to suppress ambient light against the 
structured light 
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Depth Key 

• Measure distance by focus depth 

• Measure distance by reflected intensity 

– Affected by reflectance of the object 
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Target tracking 

• Object extraction 

– Modulation techniques 

– Structure light 

• Centroid finding with frame difference 

– Maximum detection 

– Projection  

– Resistive network  

– Digital processing 
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Target Tracking Summary 
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Non-orthogonal Arrangement 

• Pixel arrangement of a foveate image sensor 

– the pixel size increases by square root 

– the pixel pitch logarithmically decreases 

– the circle area of the center shows the control 
circuits 
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Non-orthogonal Arrangement 

• Configuration of a Hyper omni vision (HOVI) system 
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Non-orthogonal Arrangement(cont’d) 

• HOVI’s images (a Japanese character ) 

– (a) output of conventional HOVI system 

– (b) output of foveate sensor 
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Dedicated Optics 

• Concept of an apposition compound eye 
system 
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Dedicated Optics(cont’d) 

• Photographs of the prototype of DragonflEye 

– (a) close up of eyelet bundle 

– (b) total system  
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Compound Eye 
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Dedicated optics(cont’d) 

• Concept of TOMBO system 
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Structure of TOMBO 
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Functional Imager of TOMBO 

Multi-spectral imaging High dynamic-range imaging 

Wide field-of-view imaging Integration of micro projectors 
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Re-Focusing 


