
To learn5O-223.785 67.606 -228.097 66.518 -231.993 64.345 cO-236.041 62.096 -238.852 59.097 -240.426 55.35 cO-242.225 51.001 -242.225 46.84 -240.426 42.868 cO-238.402 38.219 -234.317 34.471 -228.17 31.624 cO-224.459 30.162 lO-223.11 29.712 -221.611 29.223 -219.961 28.7 cO-216.812 27.8 -214.677 27.126 -213.552 26.676 cO-208.604 24.501 -206.131 21.915 -206.131 18.918 cO-206.131 16.668 -207.33 14.757 -209.729 13.183 cO-212.428 11.384 -215.539 10.484 -219.062 10.484 cO-222.362 10.484 -225.397 11.42 -228.17 13.295 cO-230.644 15.095 -231.88 17.155 -231.88 19.48 cO-231.88 21.037 lO-231.88 21.543 -232.29 21.953 -232.796 21.953 cO-242.434 21.953 lO-242.94 21.953 -243.35 21.543 -243.35 21.037 cO-243.35 19.48 lO-243.35 16.556 -242.675 13.858 -241.326 11.384 cO-240.052 8.984 -238.14 6.885 -235.591 5.087 cO-230.719 1.638 -225.209 -0.085 -219.062 -0.085 cO-212.84 -0.085 -207.294 1.638 -202.42 5.087 cO-199.797 6.96 -197.885 9.059 -196.686 11.384 cO-195.336 13.858 -194.662 16.556 -194.662 19.48 cO-194.662 22.253 -195.299 24.802 -196.573 27.126 cO-138.495 42.339 mO-173.99 42.339 lO-174.763 42.339 -175.264 43.154 -174.924 43.849 cO-173.501 46.762 -171.545 49.276 -169.056 51.391 cO-165.277 54.517 -161.023 56.081 -156.296 56.081 cO-151.498 56.081 -147.208 54.517 -143.426 51.391 cO-140.94 49.276 -138.984 46.762 -137.56 43.849 cO-137.22 43.154 -137.721 42.339 -138.495 42.339 cO-133.502 57.39 mO-139.756 64.005 -147.318 67.314 -156.187 67.314 cO-165.13 67.314 -172.729 64.005 -178.981 57.39 cO-185.236 50.773 -188.361 42.811 -188.361 33.505 cO-188.361 24.198 -185.236 16.309 -178.981 9.839 cO-172.801 3.222 -165.204 -0.085 -156.187 -0.085 cO-149.425 -0.085 -143.356 1.878 -137.973 5.804 cO-132.594 9.73 -128.742 14.857 -126.413 21.182 cO-125.653 23.148 lO-125.389 23.829 -125.891 24.563 -126.621 24.563 cO-136.436 24.563 lO-136.841 24.563 -137.209 24.327 -137.38 23.959 cO-137.756 23.145 lO-139.574 19.363 -142.119 16.418 -145.39 14.311 cO-148.663 12.13 -152.261 11.039 -156.187 11.039 cO-162.004 11.039 -166.913 13.22 -170.911 17.583 cO-174.277 21.15 -176.271 25.309 -176.894 30.061 cO-176.975 30.675 -176.477 31.215 -175.858 31.215 cO-125.163 31.215 lO-124.588 31.215 -124.123 31.681 -124.123 32.255 cO-124.123 33.724 lO-124.123 42.885 -127.25 50.773 -133.502 57.39 cOfOQOEMC O/Artifact <</BBox [34.9993 161.4131 576.9993 163.4131 ]/O /Layout >>BDC OQO1 0.6 0.4 RGO2 w 4 M O/GS0 gsOq 1 0 0 1 35.9993 162.4131 cmO0 0 mO540 0 lOSOQOEMC O/P <</Lang (en-US)/MCID 5 >>BDC OBTO/GS1 gsO/T1_1 1 TfO0.024 Tc -0.024 Tw 5.5 0 0 5.5 40.9994 145 TmO[(T)-5.4 (o )-2.2 (l)-6.7 (e)-3.5 (a)]TJOETOEMC O/P <</Lang (en-US)/MCID 6 >>BDC OBTO/T1_2 1 TfO0 Tc 0 Tw 5.5 0 0 5.5 61.1088 145 TmO[(T)-131 (o)-28.1 ( )-27.8 (leeeeeeeo)-28 ( )-27.9 (lT)-131.2 (a)-12.4 (r)-24.2 (n)-27.2 (m)-27.9 (bT)-130.6 ( )-24.2 (o)-28.1 (u)-26.7 (m)-22.5 (t)-21 (sT)-131 (u)-23.1 (o)-28 (b)-32 (i)-17.5 (t)-21 (sT)-131 (o)-28 ( )-27.9 (lT)-131.3 (™)-31.1 (b)-25.7 (o)-28 ( )-27.9 (l)-18.4 (tT)-130.7 (o)-28.1 (b)-13.9 (mT)-131 (b)-14 (m)-29.7 (,)-27.7 (p)-25.4 (t)-24 (r)-3.5 (m)-27.9 (b)-14 (m)-29.7 (lT)-131.2 (o)-28.1 ( )-27.8 (l)-19.4 (v)-0.9 (a)-29.6 (bT)-130.5 (w)-26.6 (a)-29.5 (u)-26.7 (u)-26.8 (a)-29.5 ( )0.5 (T)-131 (.)-29.1 (o)-10.3 (cT)-131 (r)-24.2 (b)-25.6 (o)-28.4 (l)-24 (m)-27.9 (u)-23.1 (o)-28 (b)-32 (i)-17.5 (tT)-131 (a)-11.4 (OT)-131 (N)-30.6 (m)-27.9 (u)-24.7 (p)-28.3 (w)-26.6 (a)-29.5 ( )-27.8 (l)-21.8 (S)-29.4 (w)-22.1 (r)-3.5 (a)-29.6 (b)0.5 (T)-131 (d)-32.3 (a)-29.5 (u)-27.1 (I)-30 (a)-29.5 ( )-26.3 (m)-27.9 ( )-10.8 (r)-21.1 (tT)-131 (�)-33 ( )-27.8 (l)-21.8 (S)-23.8 (t)-24 (r)-24.2 (b)-31.5 (p)-28.3 (m)-22.5 (t)-21 (sT)-131 (�)-23.1 (�)9.7 (dT)-131 (l)-17 (™)-26 (oT)-131.5 (�)]TJOETOEMC O/P <</Lang (en-US)/MCID 7 >>BDC OBTO/T1_1 1 TfO0.024 Tc -0.024 Tw 5.5 0 0 5.5 487.5681 145 TmO[(T)-5.5 (o )-2.2 (l)-6.7 (e)-3.5 (a)]TJOETOEMC O/P <</Lang (en-US)/MCID 8 >>BDC OBTO/T1_2 1 TfO0 Tc 0 Tw 5.5 0 0 5.5 507.9728 145 TmO[(�)0.5 (T)-131 (a)-29.5 (bT)-131 (p)-26.2 (r)-21.2 (tT)-131 (o)-12.9 (O)-43.4 (O)-36.5 (p)-30.5 (.)-30.8 (p)-25.8 (o)-13.7 (r)-3.5 (m)-22.5 (tT)-131 (o)-28.1 ( )-27.8 (l)-19.4 (v)-0.9 (a)-29.5 (bT)]TJOETOEMC O/P <</Lang (en-US)/MCID 9 >>BDC OBTO5.5 0 0 5.5 40.9994 137 TmO[(t)-25.3 (S)-22.5 (™)-20.2 (t)-26 (p)-30.3 (l)-22.6 (p)-25.8 (o)-28.1 (b)-31.5 (p)-28.3 (m)-22.5 (tT)-98.5 (p)-29.9 ( )0.5 (T)-98.8 (r)-24.2 (n)-27.2 (mT)-98.8 (�)-28.3 ( )-25.7 (p)-26.3 (r)-3.5 (m)-29.7 (lT)-99 (N)-35.2 (r)-22.5 (o)-13.7 (r)-3.5 (m)-22.6 (tT)-98.5 (o)-28 ( )-27.9 (l)-19.3 (v)-1 (a)-29.5 (bT)-98.2 (a)-12.3 (r)-24.2 (n)-27.3 (m)-27.9 (bT)-98.3 (w)-26.5 (a)-26.4 (Sp)-25.8 (�)-5.5 (o )17rG•vabT

onsemi



©  Semiconductor Components Industries, LLC, 2014

July, 2014 ĭ Rev. 2
1 Publication Order Number:

TND6116/D

TND6116/D

Image Sensor Terminology

INTRODUCTION
This technical note has been written to clarify some of the

terminology used to describe the operation and performance of solid
state image sensors. It is intended for use by anyone considering using
these sensors in a systems design, and particularly for first time users.
This note provides only brief explanations of the common terms
encountered in image sensor specifications. A listing of suggested
readings on solid state image sensors and applications is located at the
end of this document.
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Accumulation Mode
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CCD Clock
Charge Coupled Devices (CCDs) use input timing signals

to setup the electrostatic potentials necessary to transport
charge. A two phase CCD will require two input signals, a
three phase will require three signals, and a four phase CCD
will require four input signals. The amplitude of the CCD
input signals, combined with the built in channel potential
of each phase, will determine the magnitude of the
electrostatic potential under each phase, and the phase
relationships between the input clocks will permit the
transportation of charge.

For a two phase CCD, two input timing signals are
required for operation. For charge to move from phase 1
(�1) to phase 2 (�2), it is necessary that the phase 1 signal
turn ”OFF” (external bias = 0.0 V) and phase 2 signal turn
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charge packet integrity. Charge coupled devices are ideally
suited for use in solid state imagers as a means of
transferring integrated photogenerated charge. The CCD
may be used to collect the photogenerated charge, or it may
be placed adjacent to a array of photodiodes or
photocapacitors. A CCD used to directly collect
photogenerated charge will have reduced photoresponse at
shorter optical wavelengths due to the presence of
polysilicon electrodes. Several of the more common CCD
structures are described in more detail in other sections of
this reference document.

Charge Transfer Efficiency
Charge Transfer Efficiency (CTE) is the fraction of charge

which is successfully transferred during one CCD transfer
cycle (note that a phase CCD will have two transfer cycles
per CCD stage). CTE is equal to one minus the Charge
Transfer Inefficiency (CTI), or:

CTE � 1 � CTI
(eq. 2)

Some manufacturers define CTE as the charge transferred
per CCD stage, so care should be taken when comparing
different manufacturer’s specifications for CTI and CTE to
ensure that both use the same definition. The total charge
remaining in a CCD stage after being clocked through the
entire CCD is termed the CTE per line for linear imagers or
CTE per frame for area array image sensors, and is equal to:

CTELine � (CTE)CCD_Transfers
(eq. 3)

(for Linear Image Sensors)

CTEFrame � (CTEX)X_CCD_Transfers � (CTEY)Y_CCD_Transfers

(eq. 4)

(for Area Array Image Sensors)

Charge Transfer Inefficiency
Charge Transfer Inefficiency (CTI) is the fraction of

charge left behind during a CCD transfer.
Care should be taken when comparing different

manufacturer’s specifications for CTI or CTE to ensure that
both use the same definition.

Charge Transfer Inefficiency is measured by injecting a
sequence of charge packets of known size into a CCD and
then monitoring the resultant imager output waveform. Note
that a two phase CCD will have two transfers per CCD stage.
The injected signal amplitude and the signal lost from the
injected signal are then used to calculate CTI as follows:

CTI �
Nlost

Ninfected � CCD_Transfers
�

(eq. 5)
�

Vlost

Vinfected � CCD_Transfers

Color Filter Array (CFA)
For color imaging applications, it is necessary to separate

the optical spectrum of the incident image into three color
bands. In most applications, it is desirable to perform the
color separation on the imager. Color separation is typically
accomplished by depositing organic dyes on the imager
surface. The color dyes, or color filters, can be configured to
work in an additive (RGB) or subtractive (YMC) process.
That is, the deposited layers may act as transmission filters
or as absorbing filters. The deposition of three color filters
yields three bandpass filters, which can be designed to occur
in any pattern across an imager.

On tricolor linear imagers, a blue bandpass filter is
deposited on one whole channel, a green bandpass filter is
deposited one another channel, and a red bandpass filter is
deposited on the remaining channel. Thus, a single pass scan
of an object obtains all color information. Color filter
patterns on area arrays can also occur in varying
arrangements.

Correlated Double Sampling (CDS)
A schematic diagram of a typical image sensor output

stage 
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Figure 8. Output Circuitry
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Typical saturation voltages are in the range of 1 to 3 volts.
This makes the lowest level of the output signal about 4 volts
(7 − 3). Most analog−to−digital converters will not accept
inputs signals in this range, so some signal processing must
be performed on the output signal.

The goals of processing the output signal are to (1) remove
the reset level noise, and (2) translate the output signal to a
level acceptable by analog to digital converters. Goal
number 1 is met by performing a differential measurement

on each photosite (also known as Correlated Double
Sampling, or CDS), and goal number 2 is achieved by
converting the output signal to a ground referenced, positive
going signal.

The timing required to perform the CDS signal processing
is shown below. There are several common circuits used to
perform the CDS function; however, all make a differential
measurement.
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Defective Pixel
A defective pixel is one whose response to illumination

variations differs significantly from the mean response of all
other pixels. The maximum deviation from the mean
response permitted is imager as well as application
dependent. The number and type of defects acceptable is
also application dependent, and can range from zero to as
many as 1000 defects in some cases. It is sometimes possible
to remove the effect of the defective pixel by applying one
of several signal processing defect correction algorithms.
One of the simplest such algorithms is to replace the
defective pixel with the average response of the two nearest
neighboring pixels, i.e.

Pd � 1
2

(Pd�1 � Pd�1)

Dynamic Range
Dynamic P

D 0 TD
T*
s9 Tw
[l,uk cu273ntt

 char d7(geT)t5fect co and type1.041 wphotosnthi685 717.3ctearestfo0519 Ta9 Tw
[005 Tc
-othmsirtegalinglr.9(the simpl7e (J
/G3s 0e pix25 j
-o2 01-T7ted .811 731.4.084716429.625293 Tm
0 8sometimes irttionamic )Tj
3
 0 96493537.3827 one whi55he defe03 to i0 . When6us096w
[tri-.0022 5c
(Dyn7 54ttp:/)22.7(f)2.041<00ef>.0022 Tc
(Dyn
9 07m the mean 4768 (li04 T 1ts 7 onth tharray7,9 co ions13766j
E27177i5h tn7 54t04 T 1ts 7 o7es)9.3c46.79yn
9 8cases47Tm
01eons tshoma3.4 0r99.6usbalane )Tj
oltl7 owell as at565re.79yn766j
E27177i5h t8s, i6e.
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Fill Factor
The fill factor is the ratio of the light sensitive area to the

total photosite area. Fill factor on some types of area arrays
can be improved using lenlets (see “Lenticular Array
(Microlenses/Lenslets)”).

Fixed Pattern Noise
If the output of an image sensor under no illumination is

viewed at high gain a distinct non−uniform pattern, or fixed
pattern noise, can be 
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Figure 23. Lenslets are Fabricated over Photodiodes
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Figure 26. Typical Solid State Imager Output Amplifier
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“Pinned” photodiodes, or buried photodiodes, have
extremely small lag (< 0.5%), and can be considered to be
lag free. The CCD charge transfer inefficiency (CTI) will
reduce the amplitude of the charge packet as it is transported
towards the output amplifier, with the greatest effect
realized at very small signal levels. Modern CCD’s have
CTE in excess of 0.999999 per CCD transfer; thus, the

overall effect on linearity is generally not a concern. If
biased properly, the output amplifier will yield a
nonlinearity of typically less than 2%.

Non linearity at signal levels beyond the saturation level
is expected and can often vary significantly from pixel to
pixel.

Figure 28. Definition of NonĭLinearity
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Figure 29. (1) LagĭIntegrating Bright Line
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Figure 30. (2) LagĭLight Removed, Transfer Begins
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Figure 31. (3) LagĭTransfer Continues
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Figure 32. (4) LagĭTransfer Complete
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Figure 34. SpaceĭCharge Regions 1 and 2
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It is known that photons of longer wavelength, such as
from red light, have a mean absorption depth greater than
photons of shorter wavelength, such as from blue light. This
phenomena means that red light will produce higher
pixel−to−pixel crosstalk than green light, and green light
will produce higher crosstalk than blue light. The percent of
photons absorbed within the silicon substrate is shown

below as a function of wavelength and absorption depth. A
typical photosensitive pixel space−charge region depth is
also indicated on Figure 35. As an example, it can be seen
that 90% of all 520 nm photons will be absorbed within the
space−charge region, but only 42% of all 670 nm photons
will be absorbed.

Figure 35. Percent of Photons Absorbed in Silicon versus Wavelength and Depth
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Figure 36. Potential Wells in True TwoĭPhase CC D

ĭ





TND6116/D

http://onsemi.com
23

Figure 39. Linear  Imager in a Simple Imager System
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True Two Phase CCD
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Vertical Overflow Drain (VOD)
See “Lateral Overflow Drain (LOD)”.

Wafer Thinning
A process in which the silicon substrate thickness is

significantly reduced to enhance the quantum efficiency

(sensitivity) to visible and near infrared radiation. After
thinning, the backside of the substrate is passivated. In a
typical application, the backside of the thinned substrate
imager is positioned in the image focal plane so that the
image sensor is illuminated through the thinned substrate
from the backside of the device.
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