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Abstract—  

Picture sensors play a imperative part in numerous picture detecting and capture applications. Among the different 
sorts of picture sensors, complementary metal oxide semiconductor (CMOS) based active pixel sensors (APS), which 
are characterized by decreased pixel measure, allow quick readouts and reduced clamor. APS are utilized in 
numerous applications such as portable cameras, computerized cameras, Webcams, and numerous shopper, 
commercial and logical applications. With these developments and applications, CMOS APS plans are challenging the 
ancient and mature technology of charged couple gadget (CCD) sensors. With the nonstop advancements of APS 
architecture, pixel plans, together with the improvement of nanometer CMOS fabrications technologies, APS are 
optimized for optical detecting. In expansion, APS offers exceptionally low-power and low-voltage operations and is 
reasonable for solid integration, hence permitting producers to integrate more usefulness on the cluster and 
building low-cost camera-on-a-chip. I investigate the current state-of-the-art of CMOS APS by analyzing various 
types of APS. I appear plan and reenactment comes about of one of the foremost commonly utilized APS in 
consumer applications, i.e. photodiode based APS. We too display an approach for technology scaling of the gadgets 
in photodiode APS to display CMOS innovations. At last, I display the most present day CMOS APS advances by 
looking into distinctive plan models. The plan of the photodiode APS is actualized utilizing commercial CAD 
apparatuses. 
 Keywords— CMOS, APS, Image Sensor, Portable Cameras, Computerized Cameras, Webcams, Numerous Shopper, 

Commercial and Logical Applications. 
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INTRODUCTION 

The showcase for picture sensors investigated within 

the final few a long time appears an colossal increase in 

deals and improvements of cameras. Imaging sensors 

are basically classified into two types: complementary 

metal oxide semiconductor (CMOS) picture sensors and 

charge couple device (CCD) sensors. Dynamic pixel 

sensors (APS) are the rising sensors for the substitution 

of existing and broadly utilized charged couple gadget 

(CCD) sensors. Presently a days, APS are exten- sively 

utilized in webcams, mechanical technology, X-rays, 

computer based recordings, shrewd toys, both still and 

video advanced cameras, portable phones cameras, 

automobiles, cinematography, spectrography, 

radiography, photogrammetry, and in numerous logical 

applications. The over applications of APS are driving 

analysts to concentrate on accomplishing moo control 

utilization, reduced size, expanding determination, 

more affectability, negligible clamor and more vitally 

quick opera- tion.  his work investigates state-of-the-art 

inquire about on APS by investigating the concepts 

behind existing plans and unused plans as well. 

(i) Digital Cameras- Cameras are broadly categorized 

into two sorts: one could be a computerized camera 

and the other is a conventional camera, based on film 

presentation to the light. With advancement in imaging 

and manufacture innovation, advanced cameras are 

getting to be prevalent than conventional cameras. 

Digital cameras have numerous focal points over the 

conventional film cameras. They have a high picture 

quality with advanced arrange show and don't have the 

running fetched of film cameras. In arrange to urge the 

computerized adaptation of the picture captured by a 

conventional camera, it is required to filter the printed 
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slide pictures from the camera. The photographs that 

are taken in computerized cameras can be printed out 

specifically by the shows given within the digital 

cameras or seeing snaps on computers. These offices 

are not accessible in conventional cameras. 

Progressions in VLSI and other related innovations has 

brought the digital cameras in utilize for applications 

like portable computerized photography, computer-

based video, and in video computerized cameras. Upon 

that, the cost of computerized photography is much 

cheaper as compared to that of film cameras. Photos 

taken on the computerized cameras can moreover be 

stored in memory gadgets like CDs, DVDs and bounce 

drives, etc., and transmission of such high quality 

pictures is conceivable over web to any portion of the 

world in no time and with minimum taken a toll. 

 
Figure 1. Block diagram of a digital camera system 

(ii) CMOS Image Sensors- Fig. 2 summarizes the 

different sorts of picture sensors. Picture sensors are 

basically of two sorts CCD and CMOS. The complexity of 

the circuit goes tall when CCD sensor is used along with 

CMOS circuits, though CMOS picture sensors might be 

effectively utilized along with other CMOS circuits. 

CMOS picture sensors are basically of two sorts: 

Detached Pixel Sensors (PPS) and dynamic pixel sensors 

(APS). APS are the novel picture sensors which have 

huge potential since of the compact measure and moo 

control utilization. CMOS APS consists of an cluster of 

pixels. Each pixel incorporates a photodetector and 

three transistors - a reset transistor, source supporter 

or readout transistor and push select transistor. They 

have in-built amplifiers for the enhancement of the 

yield flag.  

 
Figure 2. Hierarchical view of the image sensors 

 

REVIEW OF PHOTODIODES AND IMAGE SENSORS  

Photodetectors perform one of the most capacities in 

all picture sensors, that's , detection of light and is 

subsequently, an imperative component of the picture 

sensors. Some time recently the consider of image 

sensors in this paper, we survey the fundamental sorts 

of photodetectors. Silicon substrate is utilized in most of 

the picture sensors. There are two sorts of 

photodetectors, which basically use silicon as a 

substrate: Charge coupled gadgets (CCD) and 

photodiodes. A photodiode is one of the key 

components for detecting light and is ordinarily utilized 

in dynamic pixel sensors (APS) to suit its working. The 

CCD sensors, which are one of the fundamental 

advances used for picture detecting, need to be caught 

on some time recently talking about almost the 

complimentary metal oxide semiconductor (CMOS) 

picture sensors. 

(i) Photodetectors- Photodetectors are gadgets that can 

assimilate light and after that change over them to 

electric signals, hence, in the long run working as 

transducers. This suggests that photodetectors are 

capable of identifying optical signals of diverse wave 

lengths utilizing semiconductor materials. 

Photodetectors are utilized broadly for light detecting in 
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picture sensors, security detecting, logical and industrial 

applications. The location of light signals ranges with 

regard to wavelengths of the optical extend range. Be 

that as it may, I am concerned as it were almost the 

obvious extend of the spectrum, as advanced cameras 

work within the obvious run of wavelength from 400nm 

to 700nm. 

(ii) Basic Applications- Photodetectors work based on 

the guideline of light actuated electron-hole generation. 

When the light or the optical flag enters the fabric, the 

vitality will be within the frame of photon vitality (hv). 

In this paper, the photons annihilate the covalent bond, 

freeing anelectron. In other words, these photons 

energize carriers over the conduction band, reducing 

the resistance of the fabric. The vitality of the photons 

being more prominent than the energy band hole of 

silicon-1.123eV , they get retained by the silicon coming 

about within the fervor of the electrons from the 

valence band to the conduction band, making an 

electron-hole pair (EHP). The vitality groups for 

unmistakable light wave lengths are shown in Table 1. 

The longest wave length of the unmistakable light range 

moreover gives adequate vitality in arrange to excite 

electrons from the valence band to the conduction 

band in silicon. 

 
where, P speaks to the control of light of photodiode, 

the delivered current is given by I, e is the charge, h is 

planck’s consistent and is rise to to 6.626 ×10−34 J.s or 

4.136 ×10−15 eV, and v is precise speed. As the vitality 

crevice is less at huge wavelengths, the quantum 

efficiency gets to be less. At little wavelengths, the 

photon is retained some time recently coming to the 

de- pletion layer, creating an electron match that can 

recombine. At its top, quantum efficiency is rise to to 1 

and for outright silicon this will happen at 0.8μm. Fig: 2. 

appears the carrier electron match era and 

recombination, here Ev and Ec are the energies in 

valence and covalent band; consequently the ought to 

recall the photons that are produced some time 

recently they can recombine, which is done by sorting 

out the photons. Within the taking after areas, I discuss 

charged coupled gadgets and photodiode models for 

detecting light utilizing the show electron pair carrier 

era and recombination.  

 
Table 1. Energy bands for visible lights 

 

(iii) Charge Coupled Devices- Charge coupled gadgets 

were concocted by Boyle and Smith in 1969 at Chime 

laboratories. Utilizing the novel innovation of metal-

insulator semiconductor (MIS) gadget, a new storable 

gadget was concocted for computers, called, charged 

couple gadgets. The first picture sensor was 

manufactured in moo determination tv of 64 × 106 

clusters which is like utilizing 13000 CCDs. Afterward 

advanced numerous applications of CCDS and in 1974, 

the first cosmic CCD picture was built with 100 × 100 

pixels CCD cluster of 8-inch telescope by Fairchild 

Hardware. Afterward, the concept of conventional 

picture camera replacement was considered. 

(iv) Photodiode- A photodiode is the another sort for 

photodetectors. A photodiode acts as the most model 

for the photodiode based dynamic pixel sensor. 

Photodiodes are created from semiconductor materials, 

silicon in specific. Silicon photodiodes are favored to 

materials like gallium ar- senide (GsAs), indium 

antimonide (InSb) or indium arsenide (InAs). Silicon 

retains 260nm to 1100nm. Silicon photodiodes are for 

the most part shaped by joining the p-type and n-type 

sili- con. The intersection shapes a exhaustion locale in 

which an electron combine carrier is formed. This 

diffusion comes about within the arrangement of gaps. 

The current formed due to arrangement of gap and 

electrons within the exhaustion layer is called 

dissemination current. 
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(v) CMOS Image Sensors- Multi-media applications such 

as advanced camera frameworks, automobiles, and 

computer based recordings have made picture sensors 

pick up tall investigate volume, demanding on analysts 

tobuild a CMOS based picture Sensor which can 

coordinated with silicon circuits. CMOS image sensors 

expend less control and are speedier. The CMOS picture 

sensors are of basically two categories: Detached pixel 

sensors (PPS) and dynamic pixel sensor (APS). Dynamic 

pixel sensors are more broadly utilized than inactive 

pixel sensors, as the last mentioned have various 

disadvantages over the previous. 

 

TYPES OF CMOS ACTIVE PIXEL SENSOR 

Agreeing to Moore’s law the overall number of gadgets 

in a VLSI chip will be doubled in CMOS innovation for 

each 26 months. The exponential advancement of the 

CMOS technology is additionally making great 

improvements in APS and as a result, the circuit on chip 

is much miniaturized and is additionally exceptionally 

fetched viable. Analysts right now propose different 

types of APS depending upon tall quality of image and 

great outline rates. Within the another chapter we 

examine almost the diverse sort of active pixel sensor 

and their contrasts in viewpoints like quantum 

efficiency, fill calculate and noises. Photodiode APS and 

photogate APS are the foremost commonly utilized 

sorts which are discussed in detail within the taking 

after areas counting other shapes of pixels of APS. 

(i) Photodiode Active Pixel Sensor- Photodiode APS was 

presented by Respectable in 1968. F. Andoh et.al, tried 

a 2, 50,000 pixel picture with FET intensification for tall 

speed tv cameras in 1980s . Later, a novel demonstrate 

of APS with arbitrary get to memory and electronic 

covering was proposed by the Yadid-Pecht within the 

starting of 1990s . Photodiode APS has tall compatibility 

with CMOS innovation coming about in its higher 

utilization over CCD sensors. Eric Fossum developed the 

photodiode APS in NASA research facility in 1993. The 

schematic see of a fundamental photodiode APS is 

appeared in Fig. 3. It comprises of a photodiode utilized 

for detecting light, three NMOS transistors called the 

reset transistors, a source devotee transistor called as a 

buffer transistor and a push select transistors. The light 

beams are changed over into charge and after that the 

charge to voltage transformation is done at the 

detecting hub capacitor of the photodiode when the 

reset transistor in case OFF. The photodiode resets to 

the reference voltage when the reset transistor is ON. 

 
Figure 3. Basic photodiode active pixel sensor 

 

(ii) Photogate Active Pixel Sensor- The photogate APS 

was presented at the fly drive research facility (JPL) in 

1993. This pixel is utilized for tall execution logical 

imaging and moo light applications. The essential 

operation of photogate APS emerges from CCD 

innovation. The photogate APS has the benefits of CCD 

sensors. 

 

 
Figure 4. Schematic view of photogate active pixel 

sensor 

 

(iii) Difference of Photogate APS and Photodiode APS- 

There are numerous contrasts between the photogate 

and photodiode APS. It is observed that the 

photodetector component for the photogate and 

photodiode APSs are diverse. The photogate APS 
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employments photogate as the photodetector. 

Photogate has ploysilicon on the top of the layer which 

diminishes the reaction of the lower wavelengths like 

blue light. Hui Tian, et al., detailed that there will be 5% 

less effectiveness for wave lengths beneath 450nm . In 

the schematic of photodiode APS  Fig 3 able to watch 

that the photodiode hub is shared by the door of the 

readout transistor. Due to this the affectability of 

photodiode APS goes down. But comparatively, 

photodiode APS has more affectability than the 

photogate APS at lower wave lengths. The photogate 

APS has five transistors which may result in decreased 

fill calculate compared to the photodiode APS. This 

makes the framework complex in photogate APS 

compared to photodiode APS. Photogate APS has an 

additional control flag in its engineering which causes 

an increment in control utilization compared to the 

photodiode APS. The pickup of the photogate APS will 

be more than that of photodiode APS. 

 
Table 2. Difference of photogate and photodiode APS 

(iv) Pinned Photodiode APS- Decrease in commotion 

happens when the reset is totally accomplished in 

photodiodes which results in all the versatile electrons 

to be evacuated amid the reset organize of the 

photodiode. Pinned photodiode APS has the usefulness 

of resetting the photodiode totally. Pinned photodiode 

are utilized in CCDs already, but afterward it was 

proposed to be utilized within the APS for complete 

reset. The pinned photodiode APS features a stuck 

diode of (P +n − p), in this stuck diode the photon 

collection is moved from surface in arrange to decrease 

the surface clamor like dark current. 

 

SIMULATION OF AN ACTIVE PIXEL SENSOR 

In this paper, I show the plan and reenactment comes 

about of photodiode APS and also an optimization 

method utilized for scaling the photodiode APS to 

display nano CMOS technology. The current issues 

related with photodiode APS optimization are also 

discussed in this paper. 

(i) Design of Photodiode Active Pixel Sensor- Plan and 

reenactment comes about for photodiode dynamic 

pixel sensor are extricated utilizing virtu- oso schematic 

editor from cadence r©. In spite of the fact that there 

are numerous other CMOS technologies used for 

reenacting photodiode APS, I have utilized AMI 0.6μm 

n-Ill CMOS innovation. The operating voltage supply for 

this innovation is 5V which is utilized for the plan of 

photodiode APS. Photodiode APS comprises of a 

photodiode and three NMOS transistors: Reset tran- 

sistor, source adherent transistor, and push select 

transistor. Photodiode, the detecting element for the 

light escalated, changes over light concentrated into 

current with the assistance of its detecting hub. The 

charge come about is changed over to the voltage by 

the capacitance of the photodiode at the sensing hub. 

Plan of the photodiode within the schematic appeared 

in fig. 5 is modeled with a current source (IPhoto) and 

capacitance of the diode (Cdiode). A biasing circuit is 

included to the pixel which gives a consistent current 

sink to the source devotee transistor in this way keeping 

it in immersion locale. The biasing circuit is modeled 

with capacitance (Cline) and biasing current source 

(Ibias). Source adherent transistor acts as a buffer 

speaker to isolate the charge of the detecting hub. 

Source supporter transistor is an dynamic current 

source stack carrier which is found on each column of 

the APS cluster to dodge pixel to pixel variety. 
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Figure 5. Design schematic of photodiode active pixel 

sensor 

(ii) Simulation Results- Photodiode dynamic pixel 

sensor operation is isolated into three stages: Reset 

Organize, in- tegration arrange and the examined out 

organize. Given with the beat voltage waveform on the 

gate, the reset transistor is turned ON at the positive 

beat of the wave frame. The charge on the photodiode 

is reset by turning ON the reset transistor. Reset voltage 

is perused out as a reference voltage to one of the 

sample-and-hold within the correlated double 

sampling(CDS) as appeared within the design of the 

APS. The CDS circuit subtracts the flag pixel value from 

the reset esteem in arrange to maintain a strategic 

distance from the settled design commotion caused due 

to the pixel-pixel variation. Integration organize takes 

after the reset organize. When the reset transistor is 

turned OFF, the light escalated hits on the surface of the 

photodiode, producing photon charge. The capacitance 

of the photodiode releases through a consistent time at 

rate relative to the light concentrated. The tall 

wavelength unmistakable light pixel produces moo 

analog flag voltage, giving tall yield voltage. Since the 

photocurrent delivered through photodiode is in Pico 

ampere run, the charge on the current source is 

changed from 50pa to 300pA. The charge on the 

photodiode is coordinates to the source supporter 

transistor over a period of time where charge to voltage 

change takes put and the ultimate flag pixel esteem is 

studied out. The photodiode APS controls the yield pixel 

flag esteem on the premise of reset transistor. This pixel 

operation is less complex when compared to that of 

charged couple gadget (CCD) sensor and photogate 

dynamic pixel sensor. Fig 6  appears the result of 

photodiode Dynamic Pixel Sensor. From simulation 

results, I can watch that there's a voltage drop amid the 

integration organize. APS operates in a straight locale 

some time recently the source devotee transistor 

releases. The energetic extend of the active pixel sensor 

depends on the biasing circuit. Here, it can be watched 

that when reset transistor wave frame is OFF the source 

adherent transistor peruses the information to the push 

select transistor. In a pixel cluster, all the pixels cannot 

perform in parallel. So there are many research 

procedures that have been concocted in this region. I 

will discuss them within the next section. Last yield is 

studied out to the CDS circuit as appeared within the 

APS design. 

 
Figure 6. Simulation result for photodiode active pixel 

sensor 
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Figure 7. Simulation results for photodiode APS for 

varying photocurrents 

 

 
Figure 8. Simulation results for photodiode APS using 

nano-CMOS 

CONCLUSION 

A consider on the CMOS dynamic pixel sensors is 

displayed in this proposition. The major points of this 

proposal are partitioned in three parts, which 

incorporates the ponder on the distinctive sorts of 

active pixel sensors. I have moreover appeared the plan 

and reenactments of one of the commonly utilized APS 

that's photodiode APS and one of the optimization 

strategy used to optimize the APS plan that's plan of 

tests (DOE) are displayed, but for the characterization 

the crest voltage contrast between the moo light pixel 

and tall light pixel is moo due the spillage within the 

circuit. Moreover, I have considered the improvements 

and applications of APS for customer and logical 

imaging frameworks. A nitty gritty comparative 

investigation of the show CMOS sensor advances are 

summarized in a table. I anticipate that this thesis 

serves as direct line for up and coming analysts to work 

on the APS imaging frameworks. Much work has been 

tired the past five a long time on CMOS picture sensors 

in which re- searchers think that it'll be the successor of 

the charged couple gadgets sensors (CCD). With the 

quality of the camera phones in showcase, in general 

CMOS APS sensors shipments exceeded over CCD 

sensors by about 3 times in year the 2005 and the 

survey reports that this crevice will increment more 

within the coming future. Customer applications of the 

CMOS active pixel sensors are making analysts to work 

on less control and optimized sensors. 
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