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		 CCD143A 2048-Element High Speed Linear Image Sensor
CCD 143A 2048-Element High Speed Linear Image Sensor
FEATURES
* * * * * * * * * * * * * 2048 x 1 photosite array 13m x 13m photosites on 13m pitch High speed = up to 20MHz data rates Enhanced spectral response Low dark signal High responsivity On-chip clock drivers Dynamic range typical: 7500:1 Over 1V peak-to-peak outputs Optional facility for correlated double sampling Dark and white references contained in sample-and-hold outputs RoHS Compliant Special selections available - consult factory
GENERAL DESCRIPTION
The CCD143A is a 2048-element line image sensor. The charge-coupled device is designed for page scanning applications including facsimile, optical character recognition, and other imaging applications which require high resolution, high sensitivity, and high data rates. The 2048 sensing elements of the CCD143A give an 8-line per millimeter resolution across a 256-millimeter page adopted as the Japanese facsimile standard.
The CCD143A is a second generation device having an overall improved performance compared with the first generation devices including higher sensitivity, an enhanced blue response and a lower dark signal. The device also incorporates on-chip clock driver circuitry and the option of using external reset clocks for the purpose of Correlated Double Sampling. These high speed devices can be operated at up to 20 MHz data rate. The photoelement size is 13m (0.51 mils) by 13m (0.51 mils) on 13m (0.51 mils) centers. The devices are manufactured using Fairchild Imaging advanced charge-coupled device n-channel Isoplanar buriedchannel technology.
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FUNCTIONAL DESCRIPTION
The CCD143 consists of the following functional elements illustrated in the Block Diagram: the gate of an n-channel MOS transistor producing a signal which passes through the sample-and-hold gate to the output at "Videou t ". The sample-and-hold gate is a switching MOS transistor in the output amplifier that allows the output to be delivered as a sampleand-hold waveform. The diode is recharged internally before the arrival of each new signal charge-packet from the transport shift register.
Image Sensor Elements -- These are elements of a line of
2048 image sensors separated by diffused channel stops and covered by a silicon dioxide surface passivation layer. Image photons pass through the transparent silicon dioxide layer and are absorbed in the single crystal silicon creating hole-electron pairs. The photon generated electrons are accumulated in the photosites. The amount of charge accumulated in each photosite is a linear function of the incident illumination intensity and the integration period. The output signal will vary in an analog manner from a thermally generated noise background at zero illumination to a maximum at saturation under bright illumination.
Clock Driver Circuitry -- This circuitry allows operation of the
CCD143A using only two external clocks, (1) a square wave transport clock which controls the readout rate of video data from the sensor, and (2) a transfer clock pulse which controls the integration time of the sensor.
Transfer Gates -- This gate is a structure adjacent to the line of
image sensor elements. The charge packets accumulated in the image sensor elements are transferred out via the transfer gate to the transport registers whenever the transfer gate goes HIGH. Alternate charge-packets are transferred to the analog transport shift registers. The transfer gate also controls the exposure time for the sensing elements.
Dark and Optional White Reference Circuitry -- Four
additional sensing elements at both ends of the 2048 array are covered by opaque metallization. They provide a dark (no illumination) signal reference which is delivered at both ends of the line of video output representing the 2048 illuminated sensor elements (labeled "D" in the Block Diagram). Also included at one end of the 2048 sensor element array is a white signal reference in the output signal (labeled "W" in the Block Diagram). These reference levels are useful as inputs to external dc restoration and automatic gain control circuitry. The white reference signal can be enabled by connecting VEI to a DC voltage less than VDD . A VE I voltage of 6V will typically produce a white reference signal of 80=20% of the saturation output voltage.
Four 1041-Bit Analog Transport Shift Registers -- Two registers are on each side of the line of image sensor elements and are separated from it by the transfer gate. The two inside registers, called the transport shift registers, are used to move the image generated charge packets delivered by the transfer gates serially to the two charge-detector/amplifiers. The complementary phase relationship of the last elements of the two transport registers provides for alternate delivery of charge-packets to the amplifiers so that the original serial sequence of the line of video may be reestablished at the outputs. The outer two registers serve to reduce peripheral electron noise in the inner shift registers. Two Gated Charge-Detector/Amplifiers -- From the end of
each transport shift register, charge-packets are delivered to a precharge diode whose potential changes linearly in response to the quantity of the signal charge delivered. This potential is applied to
DEFINITION OF TERMS
Charge-Coupled Device -- A charge-coupled device is a
semiconductor device in which finite isolated charge-packets are transported from one position in the semiconductor to an adjacent position by sequential clocking of an array of gates. The chargepackets are minority carriers with respect to the semiconductor substrate.
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Peak-to-Peak Noise Equivalent Exposure -- This is
the exposure level which gives an output signal equal to the peak-to-peak noise level at the output in the dark.
Transfer Clock
X -- The transfer clock is the voltage waveform applied to the transfer gate to move the accumulated charge from the image sensor elements to the CCD transport shift registers.
Saturation Exposure -- Saturation exposure is the
minimum exposure level that will produce a saturated output signal. Exposure is equal to the light intensity times the photosite integration time.
Transport Clock
The transport clock is the clock applied to the gates of the CCD transport shift registers to move the charge-packets received from the image sensor elements to the gate charge-detector/amplifiers.
T--
Charge Transfer Efficiency -- This is the percentage
of valid charge information that is transferred between each successive stage of the transport registers.
Gate Charge-Detector/Amplifier -- These are the
output circuits of the CCD143A which receive the charge packets from the CCD transport shift registers and provide a signal voltage proportional to the size of each charge-packet received. Before each new charge-packet is sensed, an internal reset clock returns the charge-detector voltages to a fixed base level.
Spectral Response Range -- This is the spectral band in which the response per unit of radiant power is more than 10% of the peak response. Responsivity -- Responsivity is the output signal voltage per unit exposure for a specified spectral type of radiation. Responsivity equals output voltage divided by exposure level. Dark Signal -- This is the output signal in the dark caused by thermally generated electrons which is a linear function of integration time and highly sensitive to temperature. (See accompanying photos for details of definition.) Total Photoresponse Non-Uniformity -- This is the
difference in the response levels between the most and least sensitive elements under uniform illumination. (See accompanying photos for details of definition.)
Sample-and-Hold Clock
This is an internally or externally supplied voltage waveform applied to the sampleand-hold gate in the amplifiers to create a continuous sampled video signal at the output. On-chip sample-and-hold operation is achieved by connecting SHGA to SHCA and SHGB to SHCB.
SHC --
If the internal (on chip) sample-and-hold clocks are not used, the on-chip sample-and-hold clock driver circuits can be depowered, which greatly reduces on-chip power consumption. To disable (turn off) these drivers, VGG is tied to VDD/VCD. The on-chip SH clock drivers are enabled by connecting VCG to VSS.
RA and RB -- Dynamic Range and S/N Ratio may be maximized by doublecorrelated sampling off-chip of the device output. This requires externally-supplied reset clocks for the on-chip amplifiers. Pins 5 and 21 are RA and RB, respectively. If this feature is not desired, both pins should be tied to VCD/VDD, which enables the internally generated reset circuits.
Optional External Reset Clocks
Integration Time -- The time interval between the falling edges of any two successive transfer pulses X is the integration time shown in the Timing Diagram. The integration time is the time allowed for the photosites to collect charge. Pixel -- Picture element (photosite).
Dark Reference -- Video output level generated from
sensing elements covered with opaque metallization provides a reference voltage equivalent to device operation in the dark. This permits use of external dc restoration circuitry.
White Reference -- Video output level generated by onchip circuitry provides a reference voltage permitting external automatic gain control circuitry to be used. The reference voltage is produced by charge-injection under the control of the electrical input bias voltage (VEI). The amplitude of the reference is typically 80% of the saturation output voltage. Isolation Cell -- This is a site on-chip producing an
element in the video output that serves as a buffer between valid video data and dark reference signals. The output from an isolation cell contains no valid video information and should be ignored.
Dynamic Range -- The dynamic range is the saturation
exposure divided by the peak-to-peak noise equivalent exposure. (This does not take into account any dark signal components.) Dynamic range is sometimes defined in terms of rms noise. To compare the two definitions a factor of four to six is generally appropriate in that peak-to-peak noise is approximately equal to four to six times rms noise.
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DEVICE CARE AND OPERATION
Glass may be cleaned by saturating a cotton swab in alcohol and lightly wiping the surface. Rinse off the alcohol with deionized water. Allow the glass to dry, preferably by blowing with filtered dry N2 or air. It is important to note in design and applications considerations that the devices are very sensitive to thermal conditions. The dark signal dc and low frequency components approximately double for every  5 C temperature increase and single-pixel dark signal non uniformities approximately double for every 8 C temperature increase. The devices may be cooled to achieve very long integration times and very low light level capability.
ORDER INFORMATION
Order CCD143ADC where "D" stands for a ceramic package and "C" for commercial temperature range.
WARRANTY
Within twelve months of delivery to the end customer, Fairchild Imaging will repair or replace, at our option, any Fairchild Imaging camera product if any part is found to be defective in materials or workmanship. Contact factory for assignment of warranty return number and shipping instructions to ensure prompt repair or replacement.
CERTIFICATION
Fairchild Imaging certifies that all products are carefully inspected and tested at the factory prior to shipment and will meet all requirements of the specification under which it is furnished. This product is designed, manufactured, and distributed utilizing the ISO 9000:2000 Business Management System.
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