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1.1 Functional Description

The PM-2060i ImageChip family of Printer/Multifunction Enhancement ASICs is a single-chip implementation for providing state-of-the-art resolution enhancement of text, line art, and photographic images for laser-based products including printers, multifunction devices, high-speed workgroup devices, and digital laser copiers. The ImageChip provides resolution enhancement for printing, fax printing, and 2x high-resolution rendering. The PM-2060i also supports 256 shade, 8-bit data for Multi-bit (contone) modes. It operates on a single +3.3 V nominal power supply and its I/Os are 5 V tolerant.

The ImageChip supports a number of operating modes and features depending on the specific model. Refer to Table 1-1 for a summary of the features supported by each model in the PM-2060i family. Font-independent edge enhancement of all text and line art graphics provides more than doubled effective horizontal and vertical resolution eliminating jaggies. The ImageChip will print 100, 200, 300, or 600 dpi source data on a typical 600 dpi engine. A 2x high resolution rendering mode provides the ability to accept 2x source data, rendering 1200 dpi quality on a 600 dpi engine. This feature allows 600 dpi printers to directly compete with 1200 dpi printers.

Integration of the ImageChip into a serial video printer engine design is simple and straightforward, since the ImageChip can operate on the serial video data directly. A parallel video data interface is provided for higher-speed applications. Internal, downloadable engine calibration tables allow the enhancement to be optimized for different manufacturers’ laser print engines and scanners. Utilizing years of engineering, laboratory, and production experience in optimizing numerous laser print engines, Pixel Magic output directly drives the engine video.

The functional block diagram of the ImageChip is shown in Figure 1-1. It consists of a 1) data source multiplexer, 2) Line Store memory, 3) two enhancement processors, 4) dual 256 x 10 calibration LUT memory, 5) pulse position LUT memory, 6) digital modulator, 7) processor interface, 8) margin control logic, and 9) clock divider. Each of these blocks is described below. All data and descriptions assume a 600 dpi print engine, unless specifically noted otherwise.

1.1.2 General Interface Requirements

The interface requirements to the ImageChip are minimal. In the parallel CPU interface mode, two-bit address, 8-bit data bus, CHIP SELECT , READ , WRITE , and RESET control lines constitute the CPU interface; the ImageChip provides Line Sync ( LSYNC ), End Of Page ( EOP ), and Video Clock for video source. In the serial CPU interface mode, bit 0 of the data bus is the serial CPU data line, and bit 1 of the data bus is the serial CPU clock line.

The printer engine interface supplies BEAM DETECT and FSYNC (Vertical Sync). The ImageChip provides the enhanced serial video to the printer engine.

The nominal power supply for the ImageChip is +3.3 V. A ground plane is highly recommended, as are bypass capacitors on each VDD pin.

1.1.3 Functional Units

The PM-2060i integrates the following functional units, illustrated in Figure 1-1:

• Data Source Multiplexer

The video source data to the ImageChip is fed into a 8-bit source data input in the parallel source data mode. In the serial source data mode, bit 0 of the 8-bit source data input accepts serial video data. The ImageChip provides a source video clock. The choice of data format is dependent on the interface options of the CPU and the bandwidth requirements of the printer.

• Line Store Memory

The on-chip line store memory is 16-bit SRAM. The function of the line store memory is to provide storage of multiple scan lines in the format required by the enhancement modules. The line store memory must store source data for 200, 300, 600, or 1200 dpi scan line lengths. The re-configuration of the line store memory for each of the enhancement modes is automatic, and therefore transparent to the user. The only restriction to the user is that the scan line length is limited to the maximums shown below at 600 dpi:

• Enhancement Processors

The Edge, Multi-Bit, 1200DPI, and Grayscale Enhancement processors provide the ImageChip with its primary image and text enhancement functions.

Edge Enhancement

— Font-independent text and line art graphics are both enhanced by more than doubling their effective vertical and horizontal resolution. Source data can be equal to, one-half, one-third, or one-sixth of the print engine resolution. For a 600 dpi engine resolution, the ImageChip will enhance 200, 300 or 600 dpi source data. The edge enhancement logic determines the additional and fractional dots needed to eliminate the “jaggies” so the effective resolution is doubled. A 9 x 10 window is used to generate the dot position information to the on-board modulator.

High Resolution Rendering

— The ImageChip features the ability to accept 2x source data, and render 1200 dpi quality print on a 600 dpi engine. This allows the 600 dpi printer to compete with 1200 dpi printers.

Grayscale Rendering

(PM-2060i, PM-2040i only) — Eight-bit or four-bit data is accepted for grayscale printing with 256 or 16 shades per pixel, respectively. Three screening options are available for this grayscale path — 600 x 600, 300 x 300, and 300 x 150. This data path may be used for any grayscale image data such as from a scanner in digital copy applications, or printing grayscale information directly from a PDL.

Contone Auto Position

(PM-2060i, PM-2040i only) — 600 x 8 or 600 x 4 data is enhanced by detecting solid black and white areas, and automatically positioning varying width pulses adjacent to solid blacks to improve anti-aliased text, line art and halftone dots.

• Internal Calibration LUT (ILUT) Memory

The internal calibration LUT ( ILUT ) memory is a 2 x 256 x 10 memory used to store the print engine calibration tables that provide the correction necessary to compensate for print engine, toner, paper, and environmental variables in the printing process. The ILUT is addressed and downloaded directly by the CPU at power up. Special data may also be downloaded to the ILUT to implement Toner Saver functions. Different tables can be loaded between planes for color printing. The ILUT contents may be read by the CPU. The data for the ILUT is provided by Pixel Magic for the particular laser printer engine.

• Position LUT (PLUT) Memory

The position LUT ( PLUT ) memory is a 256 x 8 memory used to modify pulse position data for the digital modulator. Under normal operating conditions, the table is loaded with unity data (no position modification takes place; data supplied by Pixel Magic). Please consult Pixel Magic for detailed information regarding the use of the PLUT memory.

• Digital Modulator

The precision digital modulator features precision pulse width and position control enabling superior edge and photo enhancement. Placement of laser beam transitions is located to within 1 ⁄ 1024th of the engine clock. The start of each line scan is synchronized to the beam detect signal to within 1⁄256th of a video clock period to minimize line jitter and optimize print quality. The modulator output directly drives the engine video. In most cases, the modulator requires no external components. An external buffer/driver chip may be needed depending on the line impedance and the physical lead length to the laser diode driver.

• Processor Interface

The processor interface can be configured as either 8-bit parallel or serial. This is accomplished by selecting the logic state of the WR pin when the 2060i is reset. When in parallel mode, the interface consists of an 8-bit data bus, a 2-bit address bus, and three control lines – CHIP SELECT, WRITE, and READ. In the serial mode, the interface consists of the two LSBs of the data bus, with DATA(0) acting as the serial data line, and DATA(1) acting as the serial clock line.

• Margin Control Logic

The 2060i ImageChip provides 16-bit registers for left and top margins, line length and number of lines. The margin control logic uses these registers with FSYNC and the clocked Beam Detect signals to produce both internal signals that control the printable horizontal and vertical areas of the page, and external LSYNC and EOP (end of page) signals.

• Video Clock Divider

An external oscillator provides Video Clock to the 2060i ImageChip, at a frequency equal to (1x) or a multiple of (2x, 4x, or 8x) the native engine pixel rate. The Clock Divider circuit internal to the ImageChip must be programmed by software (via Control Register B) for the appropriate divider, so that, regardless of the video clock frequency input, the divider output is at the video pixel rate. The maximum video clock input is 66 MHz for either the parallel or serial input modes. When using the parallel data input mode, the clock input need only be 1x (with the divider set for divide-by-1), although higher speed choices are also fine such as 2x, 4x, or 8x (with the divider set for divide-by-2, 4, or 8, respectively).

The serial data input mode places additional restrictions on the video clock frequency. Since the serial data mode only transfers one bit of data per clock period, the ImageChip requires a clock input fast enough to match the input data to the print engine. Therefore, depending on the bit depth of the data, either a 4x or 8x clock must be provided to the ImageChip, and the Clock Divider must again be programmed to divide by that same multiplier to provide an internal clock rate equal to the video pixel rate. For example, if the printer has a 10 MHz pixel clock (the 600 DPI rate), then the 1200 DPI serial data (4 times the data) must be transferred at 40 MBits per second. This transfer rate through the serial interface requires a 40 MHz clock, and the clock divider must be set to divide-by-4 (for all modes). The 300 grayscale mode also requires a 4x clock when using the serial data mode; the 600 grayscale mode requires an 8x clock for the serial data mode. This limits the speed of the printer that the ImageChip can support using the serial data input mode (66 MHz maximum clock rate). Controllers designed for faster printers and high resolution printing should therefore use the parallel data input mode.

• Color Printing

The ImageChip is designed to be used in both monochrome and color print engines. The various print modes, precision modulator, and laser beam control provided by the ImageChip will fully support color printing. In CMYK four-color printing applications, each color plane is processed separately. The ImageChip provides complete programming flexibility by allowing the look-up tables (LUT) to be loaded with different values and the functional mode to be changed (edge enhancement on/off, etc.) between processing planes; edge enhancement can be turned “on” for the black (K) plane only, for example. The internal screening (single-bit enhancement or multi-bit screen options) may be used to produce color prints or, if desired, the internal screening may be turned off and the user can provide a unique screen. The ImageChip programming flexibility provides the controller designer with a wide latitude of design alternatives for both monochrome and color printing.
