LM98714

Simplify CCD/CIS Image Capturing with a 3-Channel 16-Bit AFE/Timing

I3 Texas

INSTRUMENTS

Literature Number: SNAA096



ANALOG | edge

Simplify CCD/CIS Image Capturing with a 3-Channel 16-Bit AFE/Timing

Generator
Application Note AN-1583

Robert LeBoeuf and Joseph Clark, Applications Engineers

When designing equipment that deals with amplifying
and processing delicate signals, engineers are often faced
with the decision of what to mount close to the source,
and what can exist further away. These are typically sources
like antennas and high impedance audio/video sources.
Constraints are more severe with mechanical motion or
space. National’s LM98714 3-channel, 45 MSPS Analog
Front End (AFE) with integrated CCD timing generator
and LVDS/CMOS outputs addresses many of these issues.

Multi-Function Peripherals

Multi Function Peripherals (MFPs) are relatively small
image copy, scan, and print devices found in thousands
of home desktop settings. Historically, these devices
have had modest reproduction speeds (gauged in pages
per minute) and offered the home user an inexpensive
solution to document reproduction. With the speeds of
MFPs increasing rapidly, more businesses are finding the
MEFP satisfies many office tasks once only practical with
high speed, industrial-sized digital copiers. The increase
in MFP performance comes with new design challenges
for the system level architect.

As the speed requirements of the MFP market increase,
the system level partitioning shown in Figure I exposes
new problems. Among the major concerns are increased
EMI emissions from high-speed CMOS data traveling
across long cables (several hundred mm in most cases)
and degraded analog performance. The LM98714
facilitates a breakthrough in system-level partitioning
that addresses these concerns.

Analog Front Ends

The LM98714 is an extremely versatile Analog Front
End (AFE) with a fully programmable CCD Timing
Generator capable of clocking most any sensor. The
ADC Data Outputs can be programmed for CMOS
levels for legacy designs or slower speed applications
(typically <30 MSPS). More importantly, it can also be
configured as serialized LVDS for reliable 45 MSPS data
transmission. The combination of the full feature AFE,
CCD Timing Generator, and LVDS outputs allow the
merging of the analog signals onto one board, which
eliminates most of the high-speed CMOS digital signal-

ing on the cable.
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Figure 1. Legacy MFP Image Sensor Block Diagram

Engineers designing copiers and scanners are often faced
with mechanical and electrical constraints which challenge
the system-level budget. The heart of any copier, whether
it is a low-cost MFP or high-performance office model, is
the image sensor board whose main component is the
Charge Coupled Device (CCD) or Contact Image Sensor
(CIS). In older MFP applications, as depicted in Figure 1,
the image sensor board receives high speed CMOS timing
clocks to drive the CCD and sends sensitive analog pixel
data to the AFE on the image processing board.

Figure 2. New MFP Image Sensor Block Diagram Partitioning

The LVDS output data can be deserialized by the ASIC,
or by using one of National’s LVDS Channel Link
receivers, such as the DS9OCR218A as shown in Figure 2.
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In addition to the EMI reduction when

using LVDS outputs, the LM98714 allows
the use of an LVDS input clock. To achieve
an even further reduction in EMI, the
input clock can be sent to the LM98714 at
the pixel rate instead of the full sampling
rate.
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Figure 3. LM98714 Input Diagram
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For example, if the CCD has three
channels of color per pixel (i.e. Red, Green,
and Blue), the LM98714’s internal A/D
Converter (ADC) runs at 3x the incoming
pixel rate. At the maximum sample rate of
45 MSPS, the input clock to the LM98714
can be set to 15 MHz (pixel rate), or 45
MHz (ADC rate). A simple configuration
register change via the SPI of the LM98714
makes this feature readily available by
applying a muldplication factor to the
input clock (3x or 1x respectively). The
only remaining non-LVDS signals on the
cable with this new architecture are in the
SPI interface. The SPI can be run at very
low frequencies if found to be a source of
significant EMI.
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The CCD is a linear image sensor with
three color arrays (red, green, and blue) of
10680 elements and an additional array for
black-and-white image captures.

In 3-channel mode, OSB, OSG, and OSR
are sampled synchronously at the pixel rate.
The sampled signals are processed with
each channel’s offset and gain adjusted
independently via the control registers. The
order in which pixels are processed from
the input to the ADC is fully programma-
ble and is synchronized by the SH pulse.
The signals are then routed through a
3-1 MUX to the ADC. Figure 3 shows a
diagram of the channels, and how they are
conditioned before the MUX.

The 3 RGB signals are inputted from the
left and enter the input bias and clamping
block. After the signal is sampled via
Sample and Hold or CDS, a unique black
offset may be added to each color. This
signal may now be gained in the analog
domain using the PGAs shown. The MUX
now switching at 3 times the pixel rate
sends the RGB signals to the ADC to be
digitized.

The LM98714 is a fully integrated, high
performance 16-bit, 45 MSPS signal
processing solution with a maximum input
level of 1.2 or 2.4V modes (both with + or
— polarity option). Other key specifications
include: INL +/- 23 LSB (typ), SNR
-74 dB at 0 dB PGA gain, 15/22.5/30
MSPS channel sampling rate, 256 PGA
gain steps, and a PGA gain range of 0.7 or
7.84x. The power dissipation is 505 mW
(LVDS) and 610 mW (CMOS).

The feature set of the LM98714 is too large
to encompass in this article, however, this is
one example of its application. Powerful
features, such as an analog front end timing
generator (used to adjust the sampling
points of the analog inputs) and the
automatic black level calibration loops are a
few of the additional benefits included in
the LM98714 architecture. m
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com
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