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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
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Figure 8. Output Circuitry
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Figure 9. Signal Timing
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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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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−
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Figure 23. Lenslets are Fabricated over Photodiodes
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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



TND6116/D

http://onsemi.com
18

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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Photoresponse Nonuniformity
The peak−to−peak variation in output signal under

uniform illumination of the image sensor is called the
Photoresponse Nonuniformity (PRNU). PRNU is very
small for monochrome imagers (i.e. imagers with no color
filters), since the only varying factors are the photosite
quantum efficiency, the dark current, and the effective active
area. These factors typically are very uniform across an
imager. Color imagers have higher PRNU due to slight
variations in the external color filters. Variations in color
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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

900850800750700650600550500450400350

Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï

Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï

Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï

Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï

Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï
Ï

ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ
ÏÏ







TND6116/D

http://onsemi.com
23

Figure 39. Linear  Imager in a Simple Imager System
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Transfer Gate Clock
The transfer gate clocks are used to isolate the

photogenerated charge collected in the photosite from the
adjacent CCD structure. At the appropriate time, the CCD

clocking is stopped and the transfer gate biases are applied,
causing the photosite charge to transfer to the adjacent CCD
cell.

Figure 43. Single Channel of Linear CCD Imager
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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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