Hardware Description� XE “Hardware description” �


This chapter describes the graphics boards hardware and the chassis hardware at the component level.


Rasterization Accelerator Board�XE “Graphics:Rasterization Accelerator board”� � XE “Hardware description:Rasterization Accelerator board” �


The following figure shows the main components of the Rasterization Accelerator board.
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����Figure 3-� SEQ figure \* MERGEFORMAT �1�.  Rasterization Accelerator Board �tc "3-1. Rasterization Accelerator Board" \f f\l 2�


Direct Memory Access �XE “Direct Memory Access (DMA):Rasterization Accelerator:board”� �XE “Rasterization Accelerator:board:DMA”�


The Direct Memory Access (DMA) ASIC is a multichannel, DMA engine capable of burst transfers of sixteen, 32-bit words.  The DMA transfer can be up to 4 MB.


Graphics Engine�XE “Graphics:engine:Rasterization Accelerator board”� �XE “Rasterization Accelerator:board:graphics engine”�


The graphics engine ASIC is the main graphics processor for the board set and the core of the Rasterization Accelerator.  It takes vertex data from the graphics FIFO and produces spans of pixel data.  The graphics engine sends the data to the frame buffer over a high-speed pixel path called the Image/Z (IZ) bus.  The graphics engine uses four major logic blocks to perform the pixel rasterization:  request handler, slope calculation, span generation, and pixel interpolation.





Request Handler -- The request handler monitors the data output of the graphics FIFO.  When data arrives, the request handler analyzes it and writes it to an appropriate processing block.  The request handler routes vertex data for triangles and lines to the slope calculation block. �XE “Graphics:engine:request handler”�





Drawing requests (other than vertex data for triangles and lines) such as blits, fills, and bit expands, bypass the slope calculation and span generation blocks.  The request handler routes this data directly to the pixel interpolation block.





Slope Calculation -- The slope calculation block performs the slope calculation part of the rasterization process for triangles and lines.  Floating-point math ensures the accuracy of triangle edges. �XE “Graphics:engine:slope calculation”�





The slope calculation block calculates color derivatives, depth derivatives, and edge slopes.  It also adjusts the vertex data to a pixel center for the topmost vertex.  The slope calculation block converts all data to a fixed-point format and routes it to the span generation block.





Span Generation -- The span generation block performs the span calculation part of the rasterization process for triangles and lines.  The span generation block determines the leftmost x and y coordinates for each scanline in a triangle.  It also calculates the initial color and depth value for each scanline, and routes the data to the pixel interpolation block. �XE “Graphics:engine:span generation”�








Pixel Interpolation -- The pixel interpolation block is common for all graphics drawing requests.  For triangle meshes, the pixel interpolation block expands the data from the span generation block to pixel data by successively adding the x-derivative value to the initial color and depth values (Z) for each span. �XE “Graphics:engine:pixel interpolation”�





The pixel interpolation block also maps the (x, y) address to a linear address before sending the address and pixel data to the frame buffer over the IZ bus.  The IZ bus is a 64-bit, 256 MB per second bus with a pixel span protocol to facilitate high data throughput.  This protocol allows burst transfers of pixel data to occur between the rasterization accelerator and the frame buffer.  The maximum burst size is 4096 pixels.


Texture Processors  �XE “Texture:processors”� �XE “Rasterization Accelerator:board:texture processors”�


Four texture processor ASICs operate together to apply texture patterns to the surface of a 3D graphical object.  There is one texture processor for each of the 8-bit color components:  red, green, blue, and alpha.


Texture Memory�XE “Texture:memory”� �XE “Rasterization Accelerator:board:texture memory”�


Each texture processor has 8 MB of texture memory, which accommodates up to 8 MTexels of texture maps.  The texture memory is capable of storing several sets of MIP-mapped textures for subsequent texture mapping.








�
Frame Buffer Board �XE “Graphics:Frame Buffer board”� � XE “Hardware description:Frame Buffer board” �


The following figure shows the main components of the Frame Buffer board.
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Figure 3-� SEQ figure \* MERGEFORMAT �2�.  Frame Buffer Board �tc "3-2.  Frame Buffer Board" \f f \l 2�


Resolvers�XE “Resolvers:Frame Buffer board”� �XE “Frame Buffer:board:resolvers”�


� XE “Resolvers” �Four resolver ASICs perform the memory control function for reading and writing data to video memory.  This includes coordinating the movement of data from the video memory to the Video Selector and Mappers (VSMs) and Digital Analog Converter.





The graphics engine sends pixel data over the IZ bus to the resolver's IZ input FIFO.  The resolver IZ input FIFO is 128 words deep to accommodate bursts of pixel data without slowing overall system performance.  The pixel data consists of color (Red, Green, Blue, and Alpha - RGBA) and depth (Z) data.





The resolver examines pixel data from the input FIFO and determines if it should write the pixel data to video memory.  The resolver performs Z, mask, and alpha tests to determine if data should be written.


The resolver can perform an Arithmetic and Logic Unit (ALU) operation on a combination of the source data (from the graphics engine) and the destination data (in video memory).  The operations include logical operations, Porter and Duff style alpha blend operations, and Open GL style alpha blend operations.





The resolver performs several different types of VRAM write cycles including reads, writes, or read-modify-writes.  It maximizes memory bandwidth by choosing an appropriate type.  The resolver performs block write cycles to maximize performance for window clear and fill requests.





Video Memory�XE “Video:memory:Frame Buffer board”� �XE “Frame Buffer:board:video memory”�


The core of the frame buffer board is 34 MB of video memory. The four resolvers control the flow of data to and from video memory.  These resolvers provide a 256-bit frame buffer interface.  This wide interface allows the GLZ6 to achieve a very high drawing bandwidth.





The video memory comprises a total of 136 VRAM components, each consisting of 2 megabits of memory.  Each video memory pixel consists of 126 bits of memory.


Video Selector and Mapper �XE “Frame Buffer:board:video selector and mapper”�


� XE “Video:Selector and Mapper (VSM)” �The display subsystem consists of eight Video Selector and Mapper (VSM) ASICs and the Digital to Analog Converter (DAC).  The VSMs receive pixel data from video memory.  They select which buffer (front or back), and which data (image or overlay) to display.  The video selection planes select one of the VSM’s eight Video Lookup Tables (VLTs) to map the image data.  The VSM sends the mapped result to the DAC. �XE “Video:Lookup Table (VLT):Frame Buffer”�





Digital to Analog Converter�XE “Digital to Analog Converter (DAC):Frame Buffer board”� �XE “Frame Buffer:board:Digital to Analog Converter”�


� XE “Digital to Analog Converter (DAC)” �The DAC converts pixel data from the VSM to an analog voltage and sends it to the monitor for display.  The integrated DAC contains a VLT consisting of 256 locations x 3 colors (RGB) x 10 bits per color used for gamma correction.  The DAC also provides a user-definable 64 x 64 pixel hardware cursor. �XE “Video:Lookup Table (VLT):Frame Buffer”�


Stereo Port�XE “Stereo port:Frame Buffer board”� �XE “Frame Buffer:board:stereo port”�


� XE “Stereo port” �The stereo port provides connection to the emitter module for the Liquid Crystal Display (LCD) shutter glasses.  The following table provides the pinout for the stereo port. � XE “Ports:stereo �


Table 3-� SEQ table \* MERGEFORMAT �1�.  Stereo Port Pinout�tc "3-1.  Stereo Port Pinout" \f t\l 2�� XE “Pinouts:stereo port” �


Signal�
Pin�
�
�
Ground�
1�
�
Ground�
2�
�
+12V�
3�
�
Stereo Sync�
4�
�
No Connect�
5�
�



The stereo port is a female, 5-pin, mini-DIN port, as shown below.
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Figure 3-� SEQ figure \* MERGEFORMAT �3�.  Stereo Port�tc "3-3.  Stereo Port" \f f \l 2�


Video Port �XE “Video:port:Frame Buffer board”� �XE “Frame Buffer:board:video port”�


The video port provides connection to the monitor.  The following table provides the pin connections for the video port. � XE “Video:port” �� XE “Ports:video” �


Table 3-� SEQ table \* MERGEFORMAT �2�.  Video Port Pinout�tc "3-2.  Video Port Pinout" \f t\l 2�� XE “Pinouts:video port” �


Signal�
Pin�
Signal�
Pin�
�
Red Analog Video�
1�
VCC�
9�
�
Green Analog Video�
2�
Ground�
10�
�
Blue Analog Video�
3�
Monitor Sense [0]�
11�
�
Monitor Sense [2]�
4�
Monitor Sense [1]�
12�
�
Ground�
5�
Horizontal Sync�
13�
�
Ground�
6�
Vertical Sync�
14�
�
Ground�
7�
Monitor Sense [3]�
15�
�
Ground�
8�
�
�
�



The video port is a female, 15-pin, D-Sub port, as shown in the following figure.  If using a non-Intergraph monitor, the recommended video cable length is less than three meters.
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Figure 3-� SEQ figure \* MERGEFORMAT �4�.  Video Port�tc "3-4.  Video Port" \f f \l 2�


�
VGA Loopback Port�XE “VGA loopback port:Frame Buffer board”� �XE “Frame Buffer:board:VGA loopback port”�


� XE “VGA loopback port” �� XE “Ports:VGA loopback” �The VGA loopback port provides the connection between the VGA board in the workstation and the frame buffer board.


Table 3-� SEQ table \* MERGEFORMAT �3�.  VGA Loopback Port Pinout �tc "3-3.  VGA Loopback Port Pinout" \f t \l 2�� XE “Pinouts:VGA loopback port” �


Signal�
Pin�
Signal�
Pin�
�
Red Analog Video�
1�
Ground�
9�
�
Green Analog Video�
2�
Ground�
10�
�
Blue Analog Video�
3�
Ground�
11�
�
Ground�
4�
Ground�
12�
�
Ground�
5�
Horizontal Sync�
13�
�
Ground�
6�
Vertical Sync�
14�
�
Ground�
7�
Ground�
15�
�
Ground�
8�
�
�
�



The VGA Loopback port is a female, 15-pin, D-Sub port as shown in the following figure.
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Figure 3-� SEQ figure \* MERGEFORMAT �5�.  VGA Loopback Port�tc "3-5.  VGA Loopback Port" \f f \l 2�


�
Geometry Accelerator Board�XE “Graphics:Geometry Accelerator board”� � XE “Hardware description:Geometry Accelerator board” �


This section describes the major components of the Geometry Accelerator board installed in the workstation base unit.� XE “Geometry Accelerator:board” �  The following figure shows the main components.
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Figure 3-� SEQ figure \* MERGEFORMAT �6�.  Geometry Accelerator Board�tc "3-6  Geometry Accelerator Board" \f f \l 2�


PCIDMA�XE “PCIDMA:Geometry Accelerator:board”��XE “Geometry Accelerator:board:PCIDMA”�


The Geometry Accelerator board employs the PCIDMA as the Peripheral Component Interconnect (PCI) bus interface device.  The PCIDMA contains two independent Direct Memory Access (DMA) engines to accelerate the transfer of OpenGL data between the system processors and the Geometry Accelerator, and between the Geometry Accelerator and the Rasterization Accelerator board.  The DMA engines operate concurrently to transfer data in sixteen 32-bit word bursts into and out of the I/O FIFO on the Geometry Accelerator.  The DMA engines free the system processors from the task of transferring massive amounts of graphics data across the PCI bus. 


I/O FIFO�XE “I/O FIFO:Geometry Accelerator board”��XE “Geometry Accelerator:board:I/O FIFO”�


The I/O FIFO functions as a temporary depository for data being moved via DMA into and out of the Geometry Accelerator.  This device can hold up to 4 KB of data.  The I/O FIFO avoids stall conditions, allowing DMA transfers to proceed at the full speed of the PCI bus or the I/O bus.


DSPs�XE “Digital Signal Processor (DSP):Geometry Accelerator board”��XE “Geometry Accelerator:board:Digital Signal Processor”�


The core of the Geometry Accelerator is four state of the art Digital Signal Processors (DSPs) �XE “Digital Signal Processor (DSP)”�operating in parallel.  These are 32-bit floating point processors, each capable of executing 100 million FLoating point Operations Per Second (MFLOPS).  Each DSP contains 256 KB of high-speed Random Access Memory (RAM), and has an advanced I/O subsystem with six communication ports and ten DMA engines.  These I/O subsystems allow continual flow of data through the multiple DSPs and on to the Sequence Controller, with minimal host processor overhead.


Sequence Controller�XE “Sequence controller:Geometry Accelerator board”��XE “Geometry Accelerator:board:sequence controller”�


The Multiple Instruction Multiple Data (MIMD) �XE “Multiple Instruction Multiple Data (MIMD)”�architecture of the Geometry Accelerator allows the four DSPs to concurrently and independently process incoming data.  This means that the DSP that processes the first input request may not generate the first output request.  Data moves through the DSPs at different rates, depending upon the complexity of the request.





Since the results of some drawing operations are dependent upon the order in which they execute, this out of order data must be placed back into the order that it was received.  This task is the responsibility of the Sequence Controller.  The Sequence Controller �XE “Sequence controller”�receives data from each of the four DSPs via four communication ports.  The Sequence Controller time orders the data, and then uses a DMA to write the data to the output side of the I/O FIFO.  The Sequence Controller also handles some clipping, and controls the flow of data to both Rasterization Accelerator boards for dual-screen systems.


Adapter Boards  �XE “Adapter boards:host and expansion”�


Two adapter boards are used to transfer graphics data from the graphics tower to the workstation base unit.  Both boards are PCI boards, each using a �100-pin expansion adapter cable.


Host Adapter Board�XE “Host adapter board”�


This board provides the workstation with an interface between the system PCI bus and the graphics tower, via the expansion adapter cable.


Expansion Adapter Board�XE “Expansion adapter board”�


This board provides the graphics tower with an interface between the graphics tower backplane and the workstation base unit, via the expansion adapter cable.


VGA Board �XE “Graphics:VGA board”� �XE “VGA board”�


The VGA board provides the workstation with the capability to boot into VGA mode.  This board provides a source of compatible VGA graphics control for the monitor.  After the initial set up and configuring of the GL display driver, the workstation uses the VGA board only as a boot device.  Chapter 1, “Setting Up” describes configuring the GL display driver.


�
Graphics Tower �XE “Graphics:tower”�


This section describes the main electrical assemblies in the graphics tower.  The following figure shows the assemblies described in the next sections.
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Figure 3-�seq figure�7�.  Internal View of the Graphics Tower �tc "3-7.  Internal View of the Graphics Tower " \f f \l 2�� XE “Graphics:tower:internal view” �


Cooling Fans �XE "Cooling fans"��XE “Graphics:tower:cooling fans”�


Two fans provide forced air for cooling the graphics tower.  Together, they move a maximum of 80 cubic feet per minute (CFM) of air out of the graphics tower.  At this rate, one fan operates at 9.7 volts, the other at 9.9 volts.


Power Supply �XE "Power:supply"��XE “Graphics:tower:power supply”�


The 430W manual ranging power supply operates between 90-132/180-240 VAC, with an input frequency of 47-63 Hz, single phase.  The power supply provides (5V and (12V DC voltages for use by the graphics boards, cooling fans, and Power On LED.  Figure 3-8 shows the power signal flow from the AC input to the various parts of the graphics tower.  The following table show the power supply DC outputs characteristics and cable pinout.


Table 3-� SEQ table \* MERGEFORMAT �4�.  Power Supply DC Output Characteristics�XE "Power:supply:DC output characteristics "��tc "3-4.  Power Supply DC Output Characteristics" \f t \l 2�


�
Output 1�
Output 2�
Unit�
�
Nominal Output Voltages�
+5V�
+12V�
VDC�
�
Continuous Load (Maximum)�
80.0�
2.0�
ADC�
�
Continuous Load (Minimum)�
5.0�
0.0�
ADC�
�
Fully Regulated Adj. Output (±5% Minimum)�
X�
X�
N/A�
�
Maximum output Power�
N/A�
430W�
Watts�
�
Noise and Ripple (20 MHz bandwidth)�
50�
100�
Mvp-p Max�
�
Remote Sense�
X�
N/A�
N/A�
�



Table 3-� SEQ table \* MERGEFORMAT �5�.  Power Supply Cable Pinout�XE "Power:supply:cable pinout"��tc "3-5.  Power Supply Cable Pinout" \f t \l 2�


Color�
From �
To�
Signal�
�
Blue�
P1-1�
P4�
+12V�
�
Blue�
P1-2�
P4�
+12V�
�
Red�
P1-3�
P2-3�
Remote Turn Off�
�
Black�
P1-4�
P2-4�
V1 Return�
�
Black�
P1-5�
P3�
Ground�
�
Black�
P1-6�
P3�
Ground�
�
Red�
P6�
P2-5�
Remote Sense�
�
Black�
P5�
P2-6�
Return Remote Sense�
�
�
�
�
�
�
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Figure 3-� SEQ figure \* MERGEFORMAT �8�.  Graphics Tower Power Signal Flow Diagram �tc "3-8.  Graphics Tower Power Signal Flow Diagram" \f f \l 2�


Note:	The dotted lines in Figure 3-8 indicate the boards and monitor for a dual-screen option.


Backplane�XE “Graphics:tower:backplane”� �XE “Backplane”�


The backplane provides power distribution and signal connectivity for the boards in the graphics tower.
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