
To learn more about onsemi™, please visit our website at 
www.onsemi.com

ON Semiconductor

Is Now

onsemi and       and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates and/or 
subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of onsemi 
product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any products or information herein, without 
notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the information, product features, availability, functionality, 
or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all 
liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products and applications using onsemi products, including compliance with all laws, 
regulations and safety requirements or standards, regardless of any support or applications information provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/
or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application 
by customer’s technical experts. onsemi does not convey any license under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized 
for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for 
implantation in the human body. Should Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, 
subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death 
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal Opportunity/Affirmative 
Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner. Other names and brands may be claimed as the property of others. 



©  Semiconductor Components Industries, LLC, 2014

September, 2014 - Rev. 2
1 Publication Order Number:

AND9185/D

AND9185/D

Large Signal Output
Optimization for Interline
CCD Image Sensors

General Description
This application note applies to the following Interline

Image Sensors and should be used with each device’s
specification sheet:
• KAI−2020 Image Sensor

• KAI−4021 Image Sensor

Although the KAI−0340 Image Sensor has a 30 �V/e−

charge to voltage factor similar to that of the KAI−2020 and
KAI−4021, the recommendations in this application note do
not apply to that sensor because the reset drain and the output
gate voltages are biased on the sensor and can’t be adjusted
by the user.

This application note explains and summarizes the
voltage adjustments needed and trade−offs to be considered
when designing to achieve maximum charge capacity with
the KAI−2020 and KAI−4021 Interline CCDs.

Due to the high sensitivity (30 �V/e−) of the CCD, the
output amplifier is slew rate limited for large signals when
operating at high pixel frequencies. For example, the
amplifier can’t swing to 1200 mV or 40 ke− output signal at
40 MHz.

Depending on the pixel frequency and charge capacity
desired, some voltage adjustments may be recommended for
optimized performance. This is summarized in the tables
below:

Table 1. VOLTAGE SUMMARY FOR KAI−4021

Pixel Freq.
(MHz)

Reset Clock (V)
Output Gate

(V)
Reset Drain

(V)
Saturation
Signal (mV)

Saturation
Signal (ke−)

Dynamic
Range (dB)Low High

40 −3.0 2.0 −2.0 12.0 600 20 60

20 −3.0 2.0 −2.0 12.0 600 20 62

20 −3.0 2.0 −2.0 12.0 1200 40 68

20 −3.0 4.0 −3.0 13.0 2400 801 74

NOTE: 80,000 electrons achievable in summed interlaced or binning modes.

Table 2. VOLTAGE SUMMARY FOR KAI−2020

Pixel Freq.
(MHz)

Reset Clock (V)
Output Gate

(V)
Reset Drain

(V)
Saturation
Signal (mV)

Saturation
Signal (ke−)

Dynamic
Range (dB)Low High

40 −3.5 1.5 −2.0 12.0 600 20 60

20 −3.5 1.5 −2.0 12.0 600 20 62

20 −3.5 1.5 −2.0 12.0 1200 40 68

20 −3.5 3.5 −3.0 13.0 2400 801 74

NOTE: 80,000 electrons achievable in summed interlaced or binning modes.

For high signal levels, it is strongly recommended to set
Output Gate and Reset Low at the same voltage level or less
than 0.5 V apart. This helps prevent charge from spilling out
of the floating diffusion.

Setting the Reset Drain at the higher voltage of 13 Volts
increases the charge capacity of the floating diffusion.

Increasing the Reset High voltage level improves the
capability to fully reset the floating diffusion. This ensures
that charge is not left behind on the floating diffusion even
when the signal level is very high.
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Output Architecture

Figure 1. Output Architecture
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Charge packets contained in the horizontal register are
dumped pixel by pixel onto the floating diffusion (fd) output
node whose potential varies linearly with the quantity of
charge in each packet. The amount of potential charge is
determined by the expression �Vfd = �Q/Cfd. A
three−stage source−follower amplifier is used to buffer this
signal voltage off chip with slightly less than unity gain. The
translation from the charge domain to the voltage domain is
quantified by the output sensitivity or charge to voltage
conversion in terms of microvolts per electron (�V/e−).
After the signal has been sampled off chip, the reset clock
(R) removes the charge from the floating diffusion and resets
its potential to the reset drain voltage (RD).

When the image sensor is operated in the binned or
summed interlaced modes there will be more than 20,000
electrons in the output signal. The image sensor is designed
with a 30 �V/e− charge to voltage conversion on the output.
This means a full signal of 20,000 electrons will produce a
600 mV change on the output amplifier. The output

amplifier was designed to handle an output swing of 600 mV
at a pixel rate of 40 MHz. If 40,000 electron charge packets
are generated in the binned or summed interlaced modes
then the output amplifier output will have to swing 1200 mV.
The output amplifier does not have enough bandwidth (slew
rate) to handle 1200 mV at 40 MHz. Hence, the pixel rate
will have to be reduced to 20 MHz if the full dynamic range
of 40,000 electrons is desired.

The charge handling capacity of the output amplifier is
also set by the reset clock voltage levels. The reset clock
driver circuit is very simple if an amplitude of 5 V is used.
If you only want a maximum signal of 20,000 electrons in
binned or summed interlaced modes, then a 40 MHz pixel
rate with a 5 V reset clock may be used. The output of the
amplifier will be unpredictable above 20,000 electrons so be
sure to set the maximum input signal level of your analog to
digital converter to the equivalent of 20,000 electrons
(600 mV).
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Performance Data − Linearity

40,000 Electrons at 20 MHz

Figure 2. Linearity Plot
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KAI−4021 Linearity at 20 MHz
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80,000 Electrons at 20 MHz by 2x2 Binning Mode
The following are example plots from the KAI−4021 image sensor to illustrate the linearity performance from low signal

level to high signal levels equivalent to 80k electrons:

Figure 3. Linearity at Low Signal Level
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Figure 4. Linearity across Full Signal Level
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KAI−4021 Linearity vs. LED Pulse#

2x2 Binning, 20 MHz

The Photo Response Non−Linearity (PRNL %) plot
describes by how much the measured signal output deviates
from the ideal fit line.

The fit line uses two data points from Figure 2 for the
PRNL calculation:
• The zero referenced data point at the low end

representing no signal output; the dark reference is
subtracted from all the data point values.

• The data point that represents 80,000 electrons of
signal.

Then the measured CCD output signal is compared with
the calculated fit signal to obtain the percent (%)
non−linearity.

The values obtained can easily vary depending on how the
user selects the upper data point. Therefore it is important to
note how a particular test was performed for meaningful
interpretation.

The example performance data demonstrates that both the
KAI−4021 and KAI−2020 Image Sensors have excellent
linearity over a wide range of signal levels.

Figure 5. Photo Response Non−Linearity (PRNL %)
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