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ABSTRACT 

CMOS Image Sensors are integrated by the analog to digital converter technology as a system on chip (SoC) 

portable devices. Analog-to-digital converter (ADC) become the primary requirement because power 

consumption of column parallel ADC in CMOS image sensors plays significant role in total power regulation. 

The column parallel ADC is one of the important technology which helps in achieving high pixel rate from CMOS 

image sensors. Single gate MOSFETs are sufficient for deigning of the sub micro region. Single gate MOSFETSs 

cause short channel effects which impacts performance criteria when the designing moves down to ultra sub 

region. The ultra sub region can be effectively designed using Multi gate MOSFETs. By moving to FinFET 

technology, the benefits gained in power savings are more pronounced than the performance improvement 

achieved. Hence SS-ADC architecture is selected to implement in 14nm FinFET Technology. 

Keywords: ADC, CMOS Image Sensors, Finfet Technology, Mosfets, Short Channel Effects.  

I. INTRODUCTION 

To ensure the digital processing on the digitized signal the method of conversion must be implemented. ADCs 

are one of the basic building blocks which takes care of analog signal processing, storage, and transformation 

into digital form. An embedded integrated chip functioning involves conversion of analog to digital converter. 

The continuous developments of ADCs are the results of the growing demand of higher data rates and lower cost. 

The conversion of the analog signals which are continuous amplitude into discrete time and discrete amplitude 

signal. There are many functions carried out by ADC which includes sampling, quantizing, encoding and 

transformation of continuous quantities to discrete quantities. The outcome of ADC comprise of errors because 

of the finite resolution of ADC and electronic components variations. 

CMOS Image Sensors are integrated by the analog to digital converter technology as a system on chip (SoC) 

portable devices. Analog-to-digital converter (ADC) become the primary requirement because power 

consumption of column parallel ADC in CMOS image sensors plays significant role in total power regulation. 

High pixel rate can be achieved from CMOS image sensors only integrated with the column-parallel analog-to-

digital converter (ADC) technology. 
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Figure 1: Block Diagram of Image Sensor 

The outputs from ADC technology where analog to digital conversion of pixels shows the image quality, image 

layouts and frame rate. 

Wide dynamic range image sensors that has a feature of high speed processing are required for industrial and 

machine vision imaging applications [1]. The feature of on chip parallel image processing with very low power 

consumption can be achieved only with the use of CMOS image sensors for these applications. Figure 2 shows 

the basic architecture of on sensor parallel image processing system. Analog to digital converter (ADC) arrays 

are used for digitizing he column parallel image data. Column parallel processing array helps in processing the 

digitized data. The architecture is apt for the image processing with certain criteria’s such as maintaining high fill 

factor and high sensitivity of image array [2]. Performance of the column ADC limits the speed and range of the 

proposed architectural model. 

 

Figure 2: Basic architecture of image processing system 

II. EVOLUTION OF FINFET 

Scaling, controlling the design metrics and power optimization forms the most important factors for any 

technology. Single gate MOSFETs are sufficient for deigning of the sub micro region. Single gate MOSFETSs cause 

short channel effects which impacts performance criteria when the designing moves down to ultra sub region. 

The ultra sub region can be effectively designed using Multi gate MOSFETs called FinFETs 
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Achiveing distinctive device parameters becomes challenging due to the continued shrinkage of the process 

technologies beyond 22 nanometers (nm). Scaling of dynamic power especially in the power supply voltage is 

difficult using the CMOS transistor scaling. In order to achive the required scaling in the power supply voltage 

FinFET based multi gate are used for replacing the existing technologies. 

FinFET is the multigate MOSFET (metal-oxide-semiconductor field-effect transistor). The structure of FinFET is 

built on the substrate where two, three or four sides of the channels are placed with gates that foms the multi 

gate structures. Since source of FinFETs forms the fins on silicon surface these devices are given a name of 

“FinFETs”. When compared to CMOS (complementary metal-oxide-semiconductor) technology, FinFET devices 

have higher density and have 

 

Figure 3: Fin field-effect transistor (FinFET) 

FinFET is classified as the type under 3D transistor and therefore forms the basis for the fabrications of 

nanoelectric semiconductors. FinFETs were aggressively utilized in microchips during early 2010s and they 

became dominant with their implementation when the gate designs were developed at 7 nm, 10 nm, and 14 nm 

process nodes. In order to drive the performance and strength of electronic systems, FinFET transistor can be 

arranged side by side with multiple fins which are covered using same gates [18]. 

2.1 Overcome of short-channel-effects in FinFET  

There will be an imposition of the drain current from source and drain regions due to the parasitic electric 

fields. MOSFETS are capable of controlling drain current as they hold supreme control over the channel. 

Because of the channel length being in order with the source and drain regions, the short channel devices do 

not get enough control of the channel resulting in short channel effects. Whereas in FinFETs these gates are 

present all over the channels provides enhanced control over the channels. The figure 4 shows how electric 

fields travels from source and drain. The representation shows that the electric fields from source and drain 

regions are ended in second gate which makes the channels completely free, providing authority over the 

channel which is desired. 

 

Figure 4: short-channel-effects in FinFET 
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III. SYSTEM ARCHITECTURE AND ARCHITECTURE OF CMOS SENSOR 

 

Figure 5: System architecture 

Cyclic ADC system architecture is shown in figure 5 [18]. The pixel output signal is sampled by closing sampling 

switch ΦS. Until the next sampling period comping the sampling switch ΦS should be kept open. The second 

part of the system architecture shows that the sampled signal should pass through two parts. First part is sub 

ADC and another part is multiplier. Sub ADC provides 1.5 bit of digital codes. The part of the system functioning 

involves in transformation of digital codes to analog signals by DAC. The output of analog signals are then 

subtracted by the input signals to generate the residue signal which is gained 2. 

The two steps are the fundamental steps to all the 11 conversion cycles . The input signal and sampling 

switched are replaced to residue signal obtained from last time and Φf. The 1.5 bit digital codes acquired during 

each conversion step are transferred to shift register and stored. The digital calculation blocks are used to 

compute final digital bits from groups of digital codes after 12 sampling clock periods [3] 

The block diagram of the ADC in the architecture for ultra high definition TV which uses CMOS image sensor is 

as shown below 

 

Figure 6: Architecture of CMOS image sensor. 

Architecture of the SHV image sensor for ultra-high-definition TV. CML: Current mode logic. LVDS: Low-voltage 

differential signaling (digital data transfer circuit). CDS: Correlated double sampling (noise reduction circuit). 

ADC: Analog-to-digital converter. 
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IV. DESIGN AND IMPLEMENTATION 

The required image specifications for SHV video signals are 4320 lines of 7680 pixels, with 12 bit resolution and 

120 frames/s (fps). Readout capability is essential to match this specification and transfer of high-speed data. 

The SHV sensors read the total pixel output at 47 Gb/s or more. To achieve a high pixel rate from a CMOS image 

sensor, ADC is essential technology. Many digital cinema applications utilize the ADC architecture via the image 

sensors [3]-[6]. Even with these specifications and applications do not meets the required specifications for 

SHV. The image sensor that matches the half of the specifications required for the full SHV specifications is 33- 

megapixel, 60 fps CMOS image sensor which has the tool of successive approximation column parallel ADC [5]. 

The 33- megapixel CMOS image sensors is recorded with the consumption of power value of 3.7 W. Another 

image sensors which show similar features of matching half the resolution required by SHV specifications is 

17.7-megapixel 120 fps CMOS image sensors that comprise of single slope column parallel ADC [6]. The 17.7- 

megapixel 120 fps CMOS image sensors uses very high clock frequency that helps in achieving high speed 

analog to digital transformation. The column parallel ADCs are used in many forms in several image sensors: 

cyclic ADC [7], [8], and delta sigma ADC [9]. 

A/D transformation time is less in cyclic ADC which makes them apt for use in high speed image sensors. One 

disadvantage of cyclic ADCs is that they contain amplifiers that results in more power consumption when 

compared to other ADCs. Whereas high bit resolution and low temporal noise can be expected from Delta ADC 

because they rely on the oversampling technique. The number of samples required for generating 12 bits is 90 

which is more when compared to other cyclic ADCs. [14] describes much in detail about the use of column-

parallel two-stage cyclic 12-bit ADCs. 

Table 1. Comparison with recent high-resolution image sensors 

 

By moving to a 14 nm FinFET technology, the advantages gained in power savings is more pronounced than the 

performance improvement achieved. From the above table, the SS-ADC architecture implemented in [6] 

consumes the maximum power and stands to gain most by implementing FinFET technology. Therefore an SS-

ADC architecture is selected to be implemented in 14nm FinFET Technology. 

 

Figure 7: FinFET Equivalent Circuit model 
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Small-signal Model Topology Development: 

 

Figure 8: Small-signal Model Topology Development 

Figure 8 shows the consideration of thermal feedback network and small signal equivalent circuit. The FinFET’s  

intrinsic Y-parameters at low frequency can be written as: 

 

 

4.1  Comparator Stage – Implemented using CMOS  

 

Figure 9: Comparator Stage – Implemented using CMOS 

4.2 Comparator Stage – Implemented using FinFET 
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Figure 10: Comparator Stage – Implemented using FinFET 

V. RESULTS AND DISCUSSION 

ADC Target Specification 

The required bit depth is 12 bits which means a clock of at least 2.76 GHz is required to be used. The pre-amp 

and regenerative switch is used due to its low power characteristic[15]. Different FinFET models exist based on 

different parameter extraction methods and each model has its own set of abstraction or approximation. 

Therefore the limitation of each FinFET model needs to be understood before using the model and this paper 

uses the FinFET model [16]. The pre-amp circuit in [15] being the power consuming is implemented using the 

FinFET model in [16]. 

CMOS Out and Fin Out waveforms 

   

Figure 11: Input and Output of the comparator stage for both the models 

VF5 and VF6 are the differential inputs and VF1 and VF2 are the differential outputs of the CMOS comparator. 

VF7 and VF8 are the differential inputs and VF3 and VF4 are the differential outputs of the FinFET comparator. 

VF5 and VF7 are identical. VF6 and BF8 are identical. Both the comparators are fed with the same input 

excitation. In real world, these excitations come from the CCD or pixels of the image sensor. The MOS Out and Fin 

Out waveforms are the outputs of the respective comparators. 
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Figure 12: Input and Output of the comparator stage for both the models 

It has been observed that the rise time of the FinFET model is fast than the CMOS model. 

VI. CONCLUSION 

A low-power ADC is the primary requirement due to the power consumption of column-parallel ADCs in CMOS 

image sensors play a vital role in total power consumption. To achieve a high pixel rate from a CMOS image 

sensor, the column-parallel analog-to- digital converter (ADC) is precise technology. The purpose has served 

with scaling up to sub-micro region by Single-gate MOSFETs but as designing moves down in ultra sub-micro 

region, additional scaling of single gate MOSFETs results a number of Short Channel Effects that directly impose 

the various performance criteria and to mitigate these effects, Multi-gate MOSFETs are existed . By moving to a 

14 nm FinFET technology, the advantages gained in power savings is more pronounced than the performance 

improvement achieved. 

From the above, the SS-ADC architecture implemented consumes the maximum power and stands to gain most 

by implementing FinFET technology. Therefore an SS-ADC architecture was selected to implement in 14nm 

FinFET Technology. Different FinFET models exist based on different parameter extraction methods. Each 

model has its own set of abstraction or approximation. The comparator circuits for SS-ADC have been 

implemented using CMOS and Fin FET models and Input and Output waveforms of the comparator stage for both 

the models have been obtained. It has been observed that the rise time of the FinFET model is fast than the 

CMOS model. 
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