

























































































































































































































































































































































































































































































































































































































































































Intel VIDEO INTERFACE

However, for downward compatibility or support of an extremely large character set, imple-
menting the character ROM function in an 82786 system may be practical. Figure 6-16
illustrates a system that displays both character ROM text and 82786 graphics. A multi-
plexer switches between the character ROM output and the direct 82786 output. One of the
Window Status bits switches the multiplexer so both the character ROM and the 82786
graphics windows can be shown simultaneously on the same screen. The direct 82786 VDATA
and Window Status signal must be delayed the same number of clocks as the character-cell
video so that all signals get to the multiplexer on the same clock. The extra D-flip/flops
before the multiplexer perform the needed delay.

The character ROM in Figure 6-16 can display 256 characters using a 9 X 14 pixel
character-cell. Characters are stored as 8-bit pixels within an 82786 bitmap. To display a
character, the window is programmed as an 8-bpp bitmap with a horizontal zoom of 9 and
a vertical zoom of 14. The 82786 places the 8-bit character code on its VDATA pins during
the scan lines when the character is displayed. The pixel counter loads the shift register
every 9 pixels. When the Window Status pin falls, the pixel counter synchronizes to the
beginning pixel of the window. The row counter supplies row information to the character
ROM. This row counter synchronizes to the frame by starting from the end of the VSync
pulse, which means that all character ROM windows 1n this example must begin at a
multiple of 14 scan lines after VSync.

The Japanese Kanji character set is a good example in which character ROM support is
practical. The size of this character set is so large that storing the characters in a character
ROM is more practical than loading characters from disk into the 82786 graphics memory.
Figure 6-17 illustrates a configuration that can display up to 65,536 characters from a very
detailed (32 X 32) font. The circuit in Figure 6-17 allows both text and graphics windows
to be displayed on the screen simultaneously. One of the window status signals selects between
text and graphics.

A character set such as Kanji requires high resolution, and is generally achieved using a
monochrome display. The circuit in Figure 6-17 allows up to 200 MHz video at one bpp for
very high resolution screens.

The 82786 is programmed in Super High-Speed Acceleration Mode (see Section 6.4.4
“Examples of High Resolution Configurations™). The character codes to be displayed should
be placed in 1-bpp bitmaps with 16 consecutive bits for each character. The hardware
combines the 8-bit VDATA values from two consecutive pixels to generate the 16-bit
character code for-the Character ROM. If less than 65,536 characters are required, not all
of the 16-bit character code addresses need to be used for the character ROM. Some of
these bits can be used for attributes such as blinking and reverse video. The ROM contains
a 32 X 32 character font, each character is split into 32-lines of four 8-bit bytes. The “pane”
counter selects one of the four 8-bit bytes at a time. The “row” counter determines the
current row of the character. Character cell windows are zoomed by 2 horizontally and by
32 vertically. The window must be placed at a multiple of 4-pixels from HSync and a multi-
ple of 32-lines from VSync. It is possible to place windows at non-multiples from HSync
and VSync if the “pane” and “row” counters’ parallel inputs are tied to signals other than
ground.
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Figure 6-16. Character ROM and Bitmap Graphics on Same Screen

6.8 COMBINING THE 82786 WITH OTHER VIDEO SOURCES

Graphic output from the 82786 can be combined with output from other video sources such
as broadcast TV, video recorders, and video laser disc players. The main requirement is that
both the 82786 and the video source are locked in synchronization.

The 82786 supports a Master and two independent Video Slave Modes. In Master Mode,
HSync, VSync, and Blank are outputs. When HSync and VSync are outputs, they still are
inputs during the active display period if the Window Status bits are enabled (see WSt in
Table 3-1 of Section 3.1.3.2 “Strip Descriptor Format” and the W bit in the CrtMode
Register in Table 3-8 of Section 3.3.2 “Display Control Block Registers”). In both Slave
Modes, HSync and VSync are inputs while Blank can be either an input or an output. Exter-
nal HSync and VSync reset the 82786 horizontal and vertical counters respectively.
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Figure 6-17. Very Large Character ROM and Bitmap Graphics on Same Screen
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The programming of Blank determines whether the active display period is determined by
the 82786 Video Timing Registers or the external video source. When Blank is configured
as an output, the programmed values of the Video Timing Registers VF1dStrt, VFIdStp,
HF1dStrt, and HF1dStp (see Table 3-8 in Section 3.3.2 “Display Control Block Registers”)
determine the active display period. When Blank is configured as an input, the external
system determines the active display period. The internal video shift register generates video
data only during the active display period. Table 6-4 outlines the normal programming states
for HSync, VSync, and Blank.

The 82786 should be programmed for Slave Video Synchronization. The synchronization
signals from the video source must be converted into separate TTL-level HSync and VSync
and fed to the 82786 HSync and VSync pins. The 82786 then automatically synchronizes
itself to the video source by waiting for its HSync input to fall before each scan line and
waiting for its VSync input to fall before beginning a new display field.

For many applications, the 82786 Video Clock (VCIk) can be derived directly from a crystal
oscillator. Because the 82786 synchronizes to the nearest pixel on every scan line, even video
sources with imperfect timings produce an acceptable picture. The frame-to-frame deviation
of the 82786 graphics information on the screen relative to the video source is never more
than one pixel.

For more demanding applications, the 82786 VCIlk can be synthesized directly from the
video source timings using a phase-locked-loop circuit. The 82786 still synchronizes itself
every scan line, but the relationship between HSync and the 82786 VCIk remains constant.
This implementation creates virtually no deviation between the 82786 graphics and the video
source.

For interlaced video, the 82786 display must initially start just prior to the VSync before an
even field. The 82786 initialization software must guarantee that the first LD_ALL to start
the 82786 display occurs sufficiently before the VSync during an odd field so the first 82786
display field matches the video source even field.

After the 82786 is locked in synchronization with the video source, the VDATA information
from the 82786 is easily combined with the video from the video source. Although the two
video signals can be mixed on top of each other, the most common implementation is to
switch the two sources. With the Window Status bits to initiate the switching, the 82786

Table 6-4. HSync, VSync, and Blank Settings

HSync and VSync Blank Application
Output Output Master/Stand-alone display generated by 82786
Input Output 82786 generated display superimposed on externally
or generated video
Input or
Slave 827865 in a multiple 82786 system
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can create letters that are placed over the video picture. During the display scan, whenever
a portion of a letter is to be displayed, the video from the 82786 can be switched in, other-
wise the video source will be switched in.

If the output of the video source is analog, the 82786 VDATA can be converted into an
analog signal and an analog switch can be used. The state of the switch can be derived
several ways. If the switching is to be done on window boundaries, one Window Status pin
can control the switch. If the switching must be done within a window, a special graphics
color code can indicate to replace the 82786 video with that from the video source. For
example, place the color 11111111 on the VDATA pins with an 8-input NAND gate to
control the analog switch.

6.9 OTHER TYPES OF DISPLAYS AND PRINTERS

In addition to CRTs, the 82786 supports other types of displays including LCD, plasma, and
intelligent printers. These devices have diverse interface requirements, which cannot be
discussed in detail here, but following sections outline basic concepts for most device
interfaces.

6.9.1 Pixel Clock Rate

The rate at which pixels are clocked into displays can vary immensely. The 82786 allows a
wide range of VClk frequencies from DC levels to 25 MHz that accommodate many devices.
In addition, faster clock rates can be generated using the method described in Section 6.6
“Video RAM (VRAM) Interface.”

No Refresh Printers and some displays do not require continuous refresh. Needlessly running
the 82786 Display Processor (DP) through refresh cycles steals bus bandwidth from the
Graphic Processor (GP) and other processors. To eliminate this waste, the display can be
turned off by resetting the DspOn bit (bit 0) in the DP Video Status (VStat) Register (see
Table 3-8 in Section 3.2.2 “Display Control Block Registers”). When DspOn is reset, the
DP continues to generate HSync, VSync, and Blank and place Default VDATA on the
VDATA lines, but no bus bandwidth is required. When a change to the display is required,
the DspOn bit can be set using the LD_REG or LD_ALL command. After the refresh
starts, another LD_REG command can be placed in the DP Opcode Register to turn the
display back off (see Section 3.3.1 “Display Processor Internal Registers”). The DP then
automatically executes it when the refresh is completed. For details on the LD_REG or
LD_ALL commands, refer to Sections 3.6.1 and 3.6.2.

6.9.2 Partial Display Updates

Some displays that do not require continuous refresh have a long update time. To update
every pixel on the display may take several seconds. For small changes to the display, such
as adding a character as it is typed by the user, updating only the affected portion of the
display may be more feasible than updating the entire display. With the windowing capabil-
ity of the 82786, an application can scan through a specific portion of the display.
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6.9.3 Pixel Address Generation

Some displays, especially those which allow only partial display updates, require pixel location
addresses to be generated along with the pixel data. Although external circuitry can gener-
ate these addresses, the 82786 also can generate them directly. If a single 8-bit address is
all that is required, program the Display Processor (DP) Default Video Register to a value
so the VDATA pins can output it during Blank time (see Section 3.3.1 “Display Processor
Internal Registers”). With proper programming of the Video Timing Registers, this value
can be clocked into the display before each scan line using HSync. For details on the Video
Timing Registers, refer to HSyncStp, HF1dStrt, HF1dStp, LineLen, VSyncStp, VF1dStp,
VFIdStrt, FramLen in Table 3-8 of Section 3.3.2 “Display Control Block Registers.”

More complex pixel addresses can be generated by using the 82786 windowing capability.
Create a thin window at the beginning of each scan line, and one or more bytes of address
information can be clocked out sequentially over the VDATA pins before each line.

6.9.4 Super High Resolution

With some displays that use either slow refresh times or do not require refresh, very high
resolutions are possible. All of the display counters in the 82786 are 12 bits, which allows
up to a 4096 X 4096 display size (some of this resolution may not be available depending
on the number of synchronization clock cycles required). By trading off bit per pixel (bpp)
for resolution, the Accelerated Modes can provide 2, 4, or 8 times this resolution horizon-
tally, up to 32,768 pixels (see Section 6.4.1 “External Logic Requirements”).

Some applications, such as printers, require greater resolutions. Greater resolution can be
achieved by the 82786 using external counters to generate the HSync, VSync, and Blank
inputs for the 82786. Program the 82786 Slave Video Mode by setting the CRTMode Regis-
ter Slave parameters (see the S and B bits in Table 3-8 of Section 3.3.2 “Display Control
Block Registers™). With all 16 horizontal windows, the horizontal resolution can be up to
4096 X 16 = 65,536 pixels. Trading bpp for resolution, the Accelerated Modes can provide
2, 4, or 8 times this resolution, up to 524,288 pixels. Vertical resolution has no limit other
than that imposed by available memory.

Such high resolutions require a large amount of memory. For example, a printer generating
300 X 300 dots per square inch on 8.5 X 11 inch paper at only one bpp (no gray scale)
requires the following amount of memory to print the entire page.

300 X 300 X 8.5 X 11
8 bits

= 1.05 Megabytes

Placing this much memory in a printer may not be feasible, but memory requirements can
be decreased by printing the display one strip at a time. Suppose the first 300 lines are
generated and printed. After they are printed, the next 300 lines can be generated and printed,
using the same memory, as shown in Figure 6-18.
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STRIP 1

The Graphics Processor (GP) draws this page four
times; each time the GP adjusts the clipping

rectangle to each strip, the GP draws each strip so
quickly, the next strip can be drawn while the last STRIP 2
strip is being output on a laser printer.

NOTE: The BITBLT and CHARBLT commands may
not draw when their destinations lie partially STRIP 3
ide the clippil which can

occur on strip boundaries.

STRIP 4
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Figure 6-18. Dividing a Page into Strips Decreases Memory Requirements

By printing the display in 300-line strips, the memory required is only:

300 X 300 X 8.5
8 bits

= 96 Kbytes

If the image printed can be described by a set of commands for the Graphic Processor (GP),
each strip can be generated very easily. The drawing bitmap and clipping rectangle are set
for the first strip and the GP then runs through the Graphic Command Block (GCMB).
After completing the strip, it can be printed. The bitmap and clipping rectangle are set for
the second strip. The GP traverses the same command block again to generate the second
strip, and so on, until the page is printed.

If enough memory exists for two strips, double buffering can pipeline the operation. While
the Display Processor (DP) prints one strip, the GP generates the next strip. The same
approach can be extended to multiple pages, even using more than one 82786.

6.10 CALCULATING VIDEO PARAMETERS

The 82786 video Display Processor (DP) is programmable and provides a wide variety of
display formats. To determine the display format(s), application, monitor, and video inter-
face parameters must be considered and calculated. The following subsections discuss some
of these parameters. '
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6.10.1 Application Parameters

Application parameters, outlined below, are based on the needs of the specific application
and must be chosen by the designer.

Hres, Horizontal resolution ‘

Hres is the number of pixels per horizontal line. When using Accelerated Video Modes,
Hres must be a multiple of the 82786 Video Acceleration (Accel) described in Section 6.10.3
“Video Interface Parameters.” '

Vres, Vertical resolution
Vres is the number of vertical pixels (scan lines) per display.

Vfreq, Vertical frequency

Vfreq is the rate at which the CRT beam makes one pass from the top of the screen to the
bottom. Often 60 Hz is used, but almost any frequency can be generated by the 82786. The
U.S. broadcast television standards use a 59.95 Hz rate. European video systems are based
on 50 Hz field rate. High resolution displays often use 40 Hz or lower. Slower rates reduce
the speed requirements of the monitor and the 82786 video circuitry, which also permits
higher resolutions. However, slower rates also flicker more and may be intolerable to the
operator. Generally, rates significantly under 60 Hz will tend to cause some perceptible
flicker unless CRTs with long persistence phosphor are used.

IL, Interlacing

IL is an interlaced display that uses two consecutive fields to generate a frame. A noninter-
laced display generates the entire display frame in one field scan. Interlacing doubles the
resolution of a display. Figure 6-19 shows noninterlaced and interlaced displays.

NONINTERLACING INTERLACING

KEY
e ACTIVE SCAN LINE
— — — INVISIBLE RETRACE PATH

G30304

Figure 6-19. Noninterlaced and Interlaced Displays
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In an interlaced display, alternate scan lines are written during each alternate field. For
TV-like pictures, where the image generally doesn’t change drastically from one line to the
next, interlacing allows a 30 Hz frame rate with a 60 Hz field rate without perceptible
flicker. For detailed computer graphics, however, one line may change drastically from the
next in color and/or intensity, which causes perceptible flicker at such rates.

The 82786 supports both noninterlaced and interlaced displays. In addition, an interlaced-
sync mode is available, which generates synchronization signals in the manner used by inter-
laced displays, but generates the video signals in the manner used by noninterlaced displays
(both fields identical). This permits interlaced screens with consecutive pairs of identical
lines.

6.10.2 Monitor Parameters

The monitor parameters outlined below are based on the requirements of the display monitor
used.

HBlank, Horizontal Blanking time

HBlank is the time required for the CRT beam to move from the right side of the display
back to the left and stabilize. This is also called horizontal retrace time. It is the sum of the
horizontal synchronization (HSync) and front and back porch times as shown in
Figure 6-20. Monitors typically range from 5 to 12 uS.

VBlank, Vertical Blanking time

VBlank is the time required for the CRT beam to jump from the bottom of the display back
to the top and stabilize. This is also called vertical retrace time. It is the sum of the vertical
synchronization and front and back porch times as shown in Figure 6-21. Monitors typically
range from 600 to 1400 uS.

Hfreq, Horizontal frequency
Hfreq is the frequency at which horizontal lines are scanned. Monitors typically range from
15 to 36 kHz.

Vfreq, Vertical frequency
Vfreq is the frequency at which the display field is scanned. Monitors typically range from
40 to 70 Hz.

BPP, bits per pixel

BPP is the number of bits assigned to each pixel. Monitors with digital inputs restrict the .

number of usable bpp. Monitors with analog inputs allow a virtually unlimited range of
intensities with the use of Digital-to-Analog converters. This parameter is mainly dependent
on the video interface hardware described in previous sections.

Color monitors generally limit the perceivable horizontal and vertical resolution due to their
shadow mask. See the specific monitor specifications for more details.
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Figure 6-21. VSync and Blank Timing Parameters
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6.10.3 Video Interface Parameters

The video interface parameters outlined below are dependent on the 82786 component and
the video interface logic.

VCIk, Video clock frequency
VClIk is the video input clock into the 82786. It has a maximum rate of 25 MHz and may
be chosen so that the frequency evenly divides by both Hfreq and Vfreq.

Accel, 82786 video acceleration

Accel is determined by the mode in which the 82786 operates. Normally, Accel equals 1. If
the bit per pixel (bpp) tradeoffs mentioned in Section 6.4 “High Resolutions with Standard
DRAMSs” are used to attain higher video rates at the expense of fewer bpp, then the value
for Accel can be 2, 4, or 8 as shown in Table 6-5.

DotClIk, Pixel dot clock frequency
DotClk is normally the same as VClk. However, when Accelerated Video Modes are used,
DotClk is either 2, 4, or 8 times VClk.

DotClk = VCIk X Accel

HSyncStp, HFIdStrt, HFldStp, LineLen

These Video Timing values are programmed into the 82786 Display Processor Display Control
Block to determine the horizontal scan timing in Figure 6-20. They may be set to any value
from O to 4095. Their values should also fit the formula:

HSyncStp < HFIdStrt < HFIdStp < LineLen

VSyncStp, VFIdStrt, VFIdStp, FramLen

These Video Timing values are programmed into the 82786 Display Processor (DP) to
determine the vertical scan timing in Figure 6-22. They may be set to any value from 0 to
4095. Their values should also fit the formula:

VSyncStp < VFIdStrt < VFIdStp < FramLen
After the preceding parameters are evaluated, the video parameters can be calculated. The
parameters interact quite heavily. For example, if a specific horizontal and vertical resolu-

tion at a specific field rate is required, the monitor frequencies and Blank times may need
to be altered. Several iterations may be necessary to optimize all the parameters.

Table 6-5. Accelerated Video Mode Values

Video Mode Max DotClk Programmed Accel Bits
Accel=1 Normal 25 MHz 00
Accel=2 High-Speed 50 MHz 01
Accel=4 Very High-Speed 100 MHz 10
Accel=8 Super High-Speed 200 MHz 11
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15 14 13 12 11 10 9 8 7 6 5 4 3 s 2 1 0
Reserved 1'|LIW|SIB|A'AJ
Interlace - (2) IL [
01 = Reserved Blank Slave Mode
00 = Noninterlace HSync,/ VSync.
10 = Interlace Slave Mode (1)
11 = Interlace-Sync

Window Status Enable (1)

Accelerated Video (2)

00 = Normal (25 MHz)

01 = High-Speed (50 MHz)

10 = Very High-Speed (100 MHz)
11 = Super High-Speed (200 MHz)
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Figure 6-22. Display Processor Register O5H

6.1'0.4 Sample Video Parameter Calculations

The following formulas allow you to determine the video parameters. A sample calculation
is included for your convenience. For the example, generate a 640 X 400 X 8 bpp (256
color) screen at 60 Hz noninterlaced. Assume:

Hres = 640 pixels

Vres = 400 pixels

Vireq% = 60 Hz

Hblank% = 12 uS

VBlank% = 1300 xS

Accel = 1 (no external acceleration)

Variables with a percent (%) after them represent desired values, the actual value are calcu-
lated below. ROUND(X) denotes rounding off X to the nearest integer.

1. Start by calculating the vertical resolution per field. Since the display is noninterlaced,
the value is the same as the vertical resolution. If the display were interlaced then:

VresFld = Vres/2
else: VresFld = Vres VresFId
= 400 pixels

With interlaced screens, VresFld is half the vertical resolution. For example, with 525
lines, use 262.5 for VresFld.
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2. Now calculate the horizontal frequency required. Subtract the Vertical Blank time from
the vertical period and divide by the active vertical lines to get the horizontal period.
Invert this to get the horizontal frequency.

1 VresFld
Hfreq% = =
Hperiod% (1/Vireq%) — VBlank%
40
- 0 — 26.03kHz

(1/60) — 1300 uS

3. Calculate the pixel dot clock required.

1 Hres
DotClk% = - !
DotPeriod% (1/Hfreq%) — HBIlank%
= 640 = 24.23 MHz

(1/26.03 kHz) — 12 S

4. Calculate the actual 82786 VCIk. Because the example does not use external accelera-
tion circuits VClk is the same as the DotClk.

VCIk% = DotClk%j/Accel
= 24.23 MHz/1
= 24.23 MHz

5. The example requires a 24.23 MHz crystal to generate VClk. Such a crystal is difficult
to locate, so rework the example using a more standard 25 MHz crystal. See how it
affects the rest of the parameters. First, the pixel dot clock changes.

DotClk = VCIk X Accel
= 25.00 MHz X 1
= 25.00 MHz

6. Next, determine how many VClks are required for the horizontal time.

HBlankClks = ROUND( VClk X Hblank% )
= ROUND( 25 MHz X 12 uS)
= 300

7. Now, calculate the actual Horizontal Blank time.

Hblank

HBlankClk 300
ankClks 12,8

VClk 25 MHz
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10.

The actual horizontal perioa is the time required to display one line of pixels plus the
Blanking time.

1
(Hres/DotClk) + HBlank

Hfreq =

]
(640/25 MHz) + 12 4S

The number of horizontal lines per frame can now be calculated:

VFramelines = ROUND(Hfreq / Vireq%)
ROUND(26.60 kHz / 60 Hz)
= 443

If an interlaced display is used, VFrameLines should be rounded-off to the closest odd
integer.

The number of scan lines determines the actual vertical frequency:

Vireq = Hfreq / VFrameLines
= 26.60 kHz [ 443
= 60.05 Hz

With the major parameters calculated, the Blanking times can be broken into synchro-
nization (sync) and front and back porch times. Typical monitor values are:

HSync = 2 S VSync = 300 pS
HBack = 6 uS VBack = 800 xS
HSyncClks = ROUND( VCIk X HSync)
= ROUND( 25 MHz X 2 uS)
=50
HBackClks = ROUND( VClk X HBack )
= ROUND( 25 MHz X 6 uS)
= 150
VSyncClks = ROUND( Hfreq X VSync)
= ROUND( 26.6 kHz X 300 uS)
=8
VBackClks = ROUND( Hfreq X VBack )
= ROUND( 26.6 kHz X 800 uS)
=21
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11. Now calculate the values for the eight 82786 Display Processor Video Timing Registers.

HSyncStp = HSyncClks — 3
=50—-3
= 47

HFIdStrt = HSyncStp + HBackClks
=47 + 150
=197

HFIdStp = HFIdStrt + (Hres / Accel)
=197 + (640 /1)
= 837

LineLen = HBlankClks + (Hres / Accel) — 3
=300 +(640/1) — 3
= 937

For noninterlaced displays:

VSyncStp = VSyncLines — 1
=8-—1
=7

VFIdStrt = VSyncStp + VBackLines
=7+21
=28

VFldStp = VFIdStrt + Vres
= 28 + 400
= 428

FrameLen = VFrameLines — 1
=443 — 1
= 442

For interlaced and interlace-sync displays:

VSyncStp = (VSyncLines X 2) — 1
VFIdStrt = VSyncStp + (VBackLines X 2)
VFIdStp = VFIdStrt + (VRes =+ 2)
FrameLen = VFIdStp + (2 X VFrontLines)

In the preceding formula, VResTotal equals the Vertical Resolution for Field1 plus the
Vertical Resolution for Field2 as shown below.

VResTotal = VResField1 + VResField2

6-33



Intel VIDEO INTERFACE

VFrameLines equals the total number of HSyncs in an entire frame. LineLen should be
greater than HF1dStp. FrameLen should be greater than VFrameLines. If not, the
parameters are inconsistent and the requirements should be modified and recalculated.

Finally, the bits for the CRTMode Register should be determined. In this example,
noninterlaced mode is used and no Accelerated Video is required. Assuming the 82786
generates the HSync, VSync, and Blank signals; and assuming the Window Status pins
are not used, the CRTMode Registers should be loaded with all zeroes.

The host CPU software must load the values of the eight Video Timing Registers (HSyncStp,
HF1dStrt, HF1dStp, LineLen, VSyncStp, VF1dStp, VF1dStrt, FrameLen and the CRTMode
Register (see Table 3-8 in Section 3.3.2 “Display Control Block Registers™). Generally, this
is done during system initialization. All registers should be loaded simultaneously using the
LD_ALL instruction rather than using individual LD_REG instructions to ensure that the
video synchronization signals (HSync, VSync, and Blank) are never invalid while registers
are being loaded.

Some CRTs can be damaged permanently by supplying the wrong synchronization frequen-
cies to them. To prevent invalid video sync signals, the HSync, VSync, and Blank pins are
tristated after RESET until the CRTMode Register has been initialized.

6.11 A SPREADSHEET FOR CALCULATING VIDEO PARAMETERS

Section 6.10.4 illustrates that determining the 82786 video parameter constants requires
many calculations. Often, optimizing the display format requires several iterations through
the calculations. This time consuming and painstaking process can be simplified by using a
spreadsheet. An example of output from a spreadsheet follows. The example illustrates a
1290 X 968 X 4 bpp (16 color), interlaced, 60 Hz display. The “DESIRED” column contains
user supplied values and the spreadsheet calculates all other values. The “ACTUAL” column
shows the closest timings and parameters that the 82786 can supply. The “82786 DP
REGISTER VALUES” show the values that should be programmed into the Display
Processor Registers to generate such a display.

The user easily can modify the “DESIRED” values until the “ACTUAL” values meet the
application’s needs. Ensure that all “ACTUAL” values are logically correct. For example,
if any of the calculated parameters are negative, then the set of “DESIRED” parameters
cannot produce such a display, so some parameters must be adjusted.
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82786 VIDEO PARAMETERS
Type under DESIRED column only: ACTUAL & REGISTER columns are calculated

PARAMETER DESIRED ACTUAL DP REGISTER VALUES
Video Clock VClk (MHz): 25 25

Acceleration (1,2,4 or 8): 2 2

Interlacing (1=no, 2=yes): 2 2

Horiz Resolution (Pixels): 1290 1290

Vert. Resolution (Pixels): 968 968

Horiz LineRate (kHz):  eeeeeeeee 30.487 LineLen: 818
Horiz Sync Width (uS): 2 2 HSyncStp: 8
Horiz Back Porch (uS): 4 4 HFIdStrt: 148
Horiz Front Porch (uS): 1 1 HFI1dStp: 793
Vert. Frame Rate (Hz): 60 59.956 FrameLen: 1015
Vert. Sync Width (uS): 200 196.8 VSyncStp: 10
Vert. Back Porch (uS): 400 393.6 VFIdStrt: 34
Vert. FrontPorch uS):  eeeeeeee- 2132 VFI1dStp: 1002

The template used for this spreadsheet follows. The template should adapt easily to nearly
any spreadsheet program. This particular spreadsheet program uses @ROUND(X,0) to
denote rounding to the nearest integer. If no rounding function is available in your spread-
sheet program, you can substitute the integer function (which truncates the fractional portion
to return the next lowest integer) for the round function:

substitute @INT(X+0.5) for @ROUND(X,0)
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After entering the template into your favorite spreadsheet, you can verify that it is working
correctly by entering the “DESIRED” values of the above example and checking that the
“ACTUAL”and “REGISTER?” results match.

A . B C D___ E.

1: 82786 Video Parameters

2 Type under DESIRED column only; ACTUAL & REGISTER columns are calculated

3:

4. PARAMETER DESIRED ACTUAL 82786 DP REGISTER VALUES

5

6: Video Clock VCLK (MHz): +B6

7: Acceleration (12,4 or 8): +B7

8: Interlacing (1=no, 2=yes): +B8

9: Horiz. Resolution (Pixels): @ROUN'D(B9/C7.0)'C7

10:Vert. Resolution (Pixels): @ROUND(B10,0)

11:

12:Horiz. Line Rate (kHz): (C6*1000)/(E12+2) LineLen: @ROUND(C6*B15,0)+E15
13:Horiz. Sync Width  (uS): (E13+2)/C6 HSyncStp: @ROUND(C6*B13,0)—3

14:Horiz. Back Porch  (uS): (E14-E13)/C6 HFIdStrt: @ROUND(C6*B14,0)+E13

15:Horiz. Front Porch  (uS): (E12-E15)/C6 HfldStp:  +E14+(C9/C7)

16:

17:Vert. Frame Rate (Hz): (C8*C12*1000)/(E17+C8)  FrameLen: @ROUND((C12*1000)/B17—(C8—1)/2,0*C8—1
18:Vert. Sync Width (@S): ((E18+C8)*1000)/(C12*C8)  VsyncStp: (@Round((C12*B18)/1000,0)—1)*C8
19:Vert. Back Porch (@S): ((E19-E18)*1000)/(C12*C8) VFldStrt: @ROUND((C12*B19)/1000,0)—1)*C+E18
20:Vert. Front Porch (uS): (E17-E20)*1000)/(C12*C8)  VFldStp: +E19+C10
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APPENDIX A
TEST MODES

The 82786 has three test modes that help in debugging, characterization, and production
testing. The 82786 test modes are activated when the 82786 implements any of three global
pin conditioning features, which allow the 82786 to drive all output and I/O pins high, low,
or tristate all pins. When RESET goes inactive, the 82786 samples the Read (RD) and
Write (WR) pins. If either of these pins is low, one of the test modes is enabled according
to the state of RD, WR, and MIO pins as outlined in Table A-1.

Table A-1. 82786 Test Modes

RD R MIO Mode

0 0 0 DRAM Test Mode

0] 0 1 Reserved

0 1 0 Reserved

0 1 1 Drive output pins high
1 0 0 Drive output pins low
1 0 1 Tristate pins

1 1 X Normal operation

A.1 VOLTAGE OUT LOW (VOL) AND VOLTAGE OUT HIGH (VOH) PIN
CONDITIONING

The 82786 can bring all its output pins to a constant logic high or low state, which can help
test the 82786 output buffers.

A.2 TRISTATE FEATURE

The 82786 can tristate all of its I/O and output pins to effectively isolate the 82786 from
any connected circuitry. This isolates the 82786 and allows testing of a completely assem-
bled PC board. Leakage on all I/O pins can also be tested in this mode.

A.3 DRAM TEST MODE

The RESET input does not initialize the Refresh Scaler in the BIU DRAM/VRAM Control
Register (see Section 4.2.3), which allows RESET input to be a warm reset without losing
the contents of memory. From a testing point of view, this results in problems of synchroniz-
ing the tester with the 82786 Refresh Scaler. To overcome this, the DRAM test mode
initializes the BIU DRAM/VRAM Control Register, but has no other effect.
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APPENDIX B
88-PIN GRID ARRAY

Figure B-1 shows the top view and Figure B-2 shows the bottom view pin configuration of
the 82786. Table B-1 describes the function of each pin.

N M L K J H G F E D [ 8 A
o1 o O O O O o O O o o O O |o1
Vgs VDATAO VDATA2 VDATA4 VDATAS VCLK VSYNC BLANK A01 A03 A0S Ao7 Vgs
02 O O O o O O O O |02
DRA1 DRAO VDATA1VDATA3 VDATAS VDATA7 HSYNC  A0O A02 Ao4 Aos Aos A09
03 O O o O {03
DRA3 DRA2 A0 AN
04 04
DRAS DRA4 A2 A13
05
DRA7 DRAS A4 AlS
%1 O O (@)
DRAG/ DRA8 A8 A7
RAS3
07 O O jo7
Vec  AASZ A8 Ve
8l o o O O |os
RAS1  RASO A20 A9
9| O O O O |os
CAS1 CAso CLK  A21
10l 0 O O O |1
ﬁ WEH INTR  RESET
1] O O (o] o I
BENT/ BENO/DTO MEN  SEN
12 O O O O O o o O O O 2
D15 D14 . DI12 D10 D08 D06 DO4 DO1  READY S M/I0  HREQ HLDA
13 o 0O 0 OO O O O O O Oofs
Vas D13 D11 D09  DO7 DO5 D03 DO2 oo RO WR BHE Vas
N M L K J H G F E D [+ B A
G30304

Figure B-1. 82786 Pinout—Top View
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A B Cc D E F G H J K L M N
o (o o
v.o, A97 ;85 83 AO1  BLANK VSYNC VCLK VDATA6 VDATA4 VDATA2 VDATAO Vgq
021 0 O O O O O O O O o O 02
A09  AOB AO6  AO4  A02  AG0 HSYNC VDATA7 VDATAS VDATA3 VDATA1 DRAO DRA1
03 03
O o Sk
04 O O |oa
A3 AT2 DRA4 DRAS
05 O O 05
Als Al DRA6 DRA7
06 ) O O |os
A7 A16 DRA8  GRAS/
RAS3
071 O o O |or
Vec A1 RAS2  Vee
o8 o O O |os
A19  A20 FASO RAS1
09| O O O 09
A21 CLK CASO  CASt
1000 O o O (10
RESET INTR W W
1] O o O 1
SEN  MEN BENO/ BEN1/
D10 oT1
1210 O o [©] [¢] O O O O O O O O |12
HLDA HREQ w/i0 ©S READY DO1  DO4 DO6 D08 D10 D12 D14 D15
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Vss BHE WR RD D00 po2 D03 DOS  DO7 . DOS D11 D13 Vgg
A B c D E F G H J K L M N

G30304

Figure B-2. Pinout 82786 —Bottom View

Table B-1. Pin Descriptions

Symbol Pin(s) Type Description
A21:0 A09,B08,A08, 110 Address lines for the External Bus
B07,A06,B806,A05 Normally inputs for Slave accesses to 82786
B05,A04,B04,A03, graphics memory array or 82786 memory or
B03,A02,B02,B01, 1/0 mapped internal registers. 82786 drives
C02,C01,002,D01, these lines when it is the Bus Master.
E02,E01,F02
D15:0 N12,M12,M13,L12, 1/0 Data Bus: For 82786 graphics memory array and
L13,K12,K13,J12, External Bus.
J13,H12,H13,G12,
G13,F13,F12,E13
BHE B13 1/0 Bus High Enable: An 82786 Slave input. 82786
drives it low when in Master Mode. BHE deter-
mines asynchronous or synchronous operation
for RD, WR, and HLDA at falling (trailing) edge
of RESET. A HIGH state selects synchronous
operation.
RD D13 1/0 Read Strobe: An 82786 Slave input. 82786

drives RD when 82786 is Bus Master. Selects
normal/test mode at falling RESET.
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Table B-1. Pin Descriptions (Cont’d.)

Pin(s)

Type

Description

MEN

SEN

READY

HREQ

HLDA

INTR

RESET

CLK

Cc13

Ci12

D12

B11

A1

E12

B12

A12

B10

A10

B09

/O

/0

Write Strobe: An 82786 Slave input; 82786 drives
WR when 82786 is Bus Master. Selects normal/
test mode at falling RESET.

Memory or 1/O Indication: 82786 Slave input.
82786 drives it high when the 82786 is the Bus
Master.

Chip Select: Slave input qualifies an access to
graphics memory or internal registers.

Master Enable: Driven high when the 82786 is
the External Bus Master (i.e., HLDA received in
response to an 82786 HREQ). Used to steer the
data path and select source of bus cycle status
commands.

Slave Enable: Driven high when the 82786
executes a Slave bus cycle for an External Bus
Master accessing graphics memory or internal
registers. Used to enable the data path and
indicate READY to the External Bus Master.

Synchronous Input: to 82786 when executing
external bus cycles. Identical to 80286 READY
timing.

Hold Request: 82786 drives it high when the
Display or Graphics Processor accesses the
External Bus. Remains high until the 82786 no
longer needs the External Bus.

Hold Acknowledge: Input in response to a HREQ
output. Asynchronous or synchronous input
determined by state of BHE pin at falling RESET.

Interrupt: The logical OR of a Graphics Proces- -
sor and Display Processor interrupt. An access
to the BIU Control Register clears the
interrupt.

Reset Input: Internally synchronized, halts all
82786 activity and brings it to a defined state.
The leading edge of RESET synchronizes the
82786 clock to 01. The trailing edge latches the
state of BHE to establish a synchronous or
asynchronous Slave interface. It also latches RD,
WR, and MIO to set certain test modes,
described in Appendix A.

Double frequency clock input. Clock input to
which pin timings are referenced. 50% duty
cycle.
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Table B-1. Pin Descriptions (Cont’d.)

Symbol

Pin(s)

Type

Description

CASO

CAS1

RAS2:0

DRA9/

s
A2
r w

=
m
X

DRAS8:0

BENT:0/
DT1:0

BLANK

VDATA
7:0

VCLK

HSYNC/
WSt0

M09

NO9

M07,NO8,M08

NO6

N10

M10

MO06,N05,M05,
NO04,M04,N03,
MO03,N02,M02

N11,M11

FO1

H02,J01,J02,
K01,K02,L01,
L02,M01

HO1

G02

(0]

/0

110

Column Address Strobe 0: Drives the CAS
inputs of the even word graphics memory bank
if interleaved; identical to CAS1 if noninter-
leaved graphics memory. Can drive 16 DRAM
CAS inputs.

Column Address Strobe 1: Drives the CAS
inputs of the odd word graphics memory bank
if interleaved; identical to CASO if noninter-
leaved graphics memory. Can drive 16 DRAM
CAS inputs.

Row Address Strobe: Drives the RAS input pins
of up to 16 DRAMs. Drives the first three rows
of both banks of graphics memory.

Multiplexes Most Significant graphics memory
Address Line & RAS3: DRA9 when 1 M DRAMs
are used; RAS3 otherwise.

Write Enable Low Byte: Active LOW strobe to
the low order byte of graphics memory.

Write Enable High Byte: Active LOW strobe to
the high order byte of graphics memory.

Multiplexed Graphics Memory Address: Graph-
ics memory row and column address are multi-
plexed on these lines. Can directly drive 32
DRAMs.

Multiplexed Bank Enable and Data Transfer
Line: For memory rad/write cycles, enables
graphics memory array output on the 82786 data
bus, D15:0. In a VRAM data transfer cycle, loads
the shift register in dual port VRAMs. BEN1/DT1
controls Bank 1 and BENOQO/DTO controls
Bank 0.

Output Blanks the Display during horizontal and
vertical retrace. Can be configured as input to
synchronize the 82786 with external sources.

Video Data Output.

Video Clock Input: Drives the 82786 display
section. Maximum frequency of 25 MHz.

Horizontal Synchronization and multiplexed
window status. Can be configured as input to
synchronize the 82786 with external sources.
Also can be configured to output Window Status.
See Section 3.2.3 “HSync and VSync Multi-
plexes Window Status.”
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Table B-1. Pin Descriptions (Cont’d.)

Symbol Pin(s) Type Description

VSYNC/ GO1 1/0 Vertical Synchronization and multiplexed

WSt1 window status. Can be configured as inputs to
synchronize the 82786 with external sources.
Also can be configured to output Window Status.
See Section 3.2.3 “HSync and VSync Multi-
plexes Window Status.”

Vss A01,NO1,A13,N13 4 V4q Pins. Ground

Vee NO7,A07 2 V¢ Pins. +5 Volts

B-5
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APPENDIX C
82786 COMMANDS

GRAPHICS PROCESSOR COMMANDS

Opcode
Command (Higher Byte - Hex)
Absolute Move (Abs_Mov) 4Fh
Arc_Exclusion 68h
Arc_Inclusion 69h
Bit_BIt 64h
BitBIt_M AEh
Call OFh
Char_Opaque A6h
Char_Transparent A7h
Circle 8Eh
Def Bitmap 1Ah
Def Char_Set_Byte 0Bh
Def Char_Set_Word 0Ah
Def Char_Space 4Dh
Def Char_Orient 4Eh
Def Clip_Rect 46h
Def Color 3Dh
Def Logical_Op 41h
Def Texture_Opaque 06h
Def Texture_Transparent 07h
Dump_Reg 29h
Enter_Pick 44h
Exit Pick 45h
Halt xx01
Incr_Point B4h
Intr_Gen OEh
Line 54h
Link 02h
Load_Reg 34h
NOP 03h
Point 53h
Polygon 73h
PolyLine 74h
Rect 58h
Rel_Move 52h
Return 17h
Scan_Lines BAh
DISPLAY PROCESSOR COMMANDS
Opcode
Command (Higher Byte - Hex)
Load Register (LD_Reg) 04h
Load All (LD_All) 05h
Dump Register (Dmp_Reg) 06h
Dump All (Dmp_All) 07h
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1175 Bordeaux Drive
Sunnyvale 84086

Tel: (408) 743-3300

TWX: 910-339-9332

‘tHamiiton/Avnet Electronics
4545 Ri gevlew Avenue

: 910-! 595 2638

‘tHamilton/Avnet Electronics
9650 Desoto Avenue
Chatsworth 91311

Tel: (818) 7001161

{Hamiton Electro Salos
50 W, Washington Bivd.
Culver City 20230
58-2458
TN 70340 6364

Hamilton Electro Sales
13618 West 190th Street
Gardena 90248

Tel: (213) 217-6700

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd.)

Hamilton Electro Sales
170 Pullman Street
Costa Mesa 92626
Tel,}"?}_&“-h 50
595-2638

THamlltonAAvnet Electronics

Sacramento 95534
Tel: (916) 920-3150

Wyle Dns(nbutlun Group
I 4 Maryland

? Indo 90254
Tel (213) 322-8100

syle Distribution Group
son

Ga 9
TBI)!7|4 891-1717

-348-7140 or 7111
Wyle Distribution Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel: (916) 638-5282

3 évle Distribution Group
525 Chesapeake Drive

Disgo 92123
s (619) 565-9171
TWX: 910-335-1590

Iw%s Distribution Group
Bowers A enue
Snma Clara 95051

(408) 727-2500
910-338-0296

1W$Ie Distribution Group
Cowan Avenue

Irvine 927
Tel: (714) 863-9953
TWX: 910-595-1572

Wyle Distribution Group
677 W. Agoura Rd.

Calabasas 91302

Tel: ew) 830-9000

TWX: 372-0232

COLORADO

Arrow.Electronics, Inc.
7060 South Tucson Way

Englewood 8011

Tel: (303) 790-4444

sHam:I\on/Avnel Electronics
765 5 Orchard Road

-935-0787

1Wyle Distribution Group
451 E. 124th Avenue
Thornton 80241
Tel:)é303) 457-9953
TWX: 910-936-0770

CONNECTICUT

tArfow Electronics, Inc.
Beaumont Road

Walhng’ord 06492

Tel: (203) 265-7741

TWX: 710-476-0162

Hamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive
Danburx 06810
797-2800
10-456-9974

tPioneer Electronics
112 Main Street
alk 06851

Norwal

Tel: (203) 853-1515
TWX: 710-468-3373
FLORIDA

tArrow Electronlcs Inc.
Deerileld Beach 33441

Tel ;305 429-8200
™. 955-9456

Arrow Electronics, Inc.
37 Skyline Drive
Sul e |0

Tel: (407) 323-0252
TWX: 510-959-6337

;Har'

002 ‘G’ Street
Ontario 91761

Tel: (714) 989-9411

1Avnet Electromcs
20501 PI

Chatswi rlh 9135‘
Tel: (213) 700-6271
TWX: 910-494-2207

6801 N.W. 15th Wa

Ft. Lauderdale 33309

Tat (305) 6712900
TWX: 510-956.3097

lHamﬂ(on/Avns( Electronics
197 Tech Drive Nortl
St. Petersburg 33702
Tel (BIS) 576-3930
X: 810-863-0374

‘tMicrocomputer System Technical Distributor Center

FLORIDA (Cont'd.)

&Hamil(on/Avnet Electronics

947 University Boulevard

Winter Park 327!

Tel: )5305 628-3888
810-853-0322

gioneer/‘l’echnologles Group, Inc.

Alta Monte Springs 32701
Tel: (407) 908
TWX: 810-853-0284

Pionger/Technologies Group, Inc.

eras. »‘Thm o >
oorfield Beach 33442

Tel (305) 428-8877

TWX: 510-955-9653

GEORGIA
rArrow Electronics, Inc.
155 Noﬂhwoods Pukway
Tel ;404 449 8252
-766-0439

1Ham||ton/Avnet Electronics
5 D Peachtree Corners

3009
Tol: 404 447-7500
TWX: 766-0432

P:oneer echnol msGroup.lnc
3100 Place

448-\711
810-766-4515

ILLINOIS

Arrow Electronics, Inc.

1140 W. Thorndale

itasca 60143

Tel: (3‘2&250 -0500
-250-0916

1Hamillon/Avnel Electronics
130 Thorndale Avenue
Bensenville 60106

Tel: (312) 860-7780

TWX: 910-227-0060

MT] Systems Sales
1100 W. Thorndale

Itasca 60143

Tel: (312) 773-2300
tPioneer Electronics
1551 Carmen Drive

Elk Grove Vllla B 60007

Tel (312)43
) 5o 105

INDIANA

tArrow Electronics, Inc.
2495 Directors Row, Suite H
Indianapolis 46241
Tel: (317) 243-9353

WX: 810-341-3119

Hamilton, Avne( Electronlcs
465 Gra

Tel )4317) 344 9333
810-260-3966

Pioneer Electronics
408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849- 7300
TWX: 810-260-1794

10WA

Hamilton/Aunet Electronics

915 33rd Avenue, S.W.
Cedar Rapids 52404

Tel: (319) 362-4757

KANSAS

Arrow Electronics

8208 Melrose Dr., Suite 210

Lenexa 66214

Tel: (913) 541-9542
Ham-Mon/Avne\ Electromcs
219 Quivel

Overland Park 66215

Tel: (913) 888-8900

TWX: 910-743-0005

Pioneer/Tec Gr.

10551 Lockman Rd.
Lenexa 66215

Tel: (913) 492-0500
KENTUCKY
Hamilton/Avne( Electronics
1051 wton Park

Lexmsgton 40511
Tel: (606) 259-1475

MARYLAND
Arrow Electronics, Inc.
8300 Guilford Drive
Suite H, River canur
e
el:

TW)}: 7121723&9005
Hamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia 21045
Tel: (301

71 -1881

Mesa Tech Carg
720P||ux ( foods Dr.

‘I’el' 301 290-8150
8-9702

schnologles Group, In.
100 Galnar o P

T

MASSACHUSETTS
Arrow Elocimmee. Inc.

ton 01887
Tel: (6’?7) 935-5134

IHnmIllon/Avmt Electronics
0D C

01960
Tal:?g‘dywl -7430
93-0382
MTI Systoms Sales

Burllngton |‘?98|3
Pioneer Electronics

3
Tel: (617) 861-9200
TW)g:ﬂ -326-6617

NEW HAMPSHIRE
snrw Electronics, Inc.

Perimeter Road
Manchester 03103

TRRET1b 220 1oms

munmn/hrm Electronics
E. Industrial Orive

Manchester 63103
Tel: (603) 624-9400
NEW JERSEY

"Arrow Electronics, Inc.
v Em Stow Road

Mm
'Arrow Electronics
Comury Drive

'l'el (g %

IHAmllton/Avnet Ebocilonlcs
Keyslone Ave., Bldg.
ill 08003

Teljgl)? 424-0110
940-0262

tHamnlton{Avnet Electronics

M’)O‘B‘SL’) 5300

?‘MTI Syster;s Sales

Fairfield 07006
Tel: (201) 227-5552

tPioneer Electronics
45 Route 46

Pinebrook 07058
Tel: (201) 575-3510
TWX: 710-734-4382

MICHIGAN NEW MEXICO
Arrow Electronics, Inc. Alliance Electronics Inc.
755 Phoemx Dnve 11030 Cochiti
Ann Arbor Albu%uer ue 87123
Tal (313) 971»8220 Tel: (505) 292-3360

/X: 810-223-6020 /X: 810-989-1151
2215 29th Street S.E. 2524 Baylor Drive S.E.
Space AS Albuquerque 87106
Grand Rapids 49508 Tel: (505) 765-1500
Tel: (5‘5&243-5305 TWX: 910-989-0614
TWX: 810-274-6921

NEW YORK

Pioneer Electronics
4504 Broadmoor S.E. Arrow Electronics, Inc.
Grand Rapids 49508 75 Brighton Henrietta Townline Rd.

FAX: 616-698-1831

sHamllton/Avnel Electronics
2487 Schoolcraft Road

Livor
Tel)éal@ 522 4700
-282-8775

1Puoneer/M ichigan
13485 S 3

Tel (313) 525 1800
TWX: 810-242-3271

MINNESOTA
tArrow Electronics, Inc.
Edina 55435

Roches\er 14623
;716) 275-0300
510-253-4766

Arrow Eleclromcs Inc.
ao Oser

aup)
Tel: 5°|s) 231-1 000
TWX: 510-227-6623

Hamilton/Avnet

933 Motor Parkway
Hauppauge 11788

Tel: (516) 231-9800
TW)E 10-224-6166

snamillon/kvnet Electronics
ro Park

5230 W. 73rd Street 33 Met

Rochester 14623
Tel: (612) 830-1800 Tel)é“S) 475-9130
TWX: 910-576-3125 510-253-5470
tHa .
12400 Whitewater Drive 103 Twin Oaks Drive
Minnetonka 55434 Syracuse 13206

Tel: (612) 932-0600

tPioneer Electronics
7625 Golden Triange Dr.
Suite

Eden Prairi 55343

Tel: (612) 944-3355

MISSOURI

Arrow Electronics, Inc.
380 Schue 1
St Le 41
Tel: (314) 567 6888
TWX: 910-764-0882

Tel: (315) 437-0288
: 710-541-1560

sgl‘rl Systems Sales
Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200

Ploneer Electronics
Tel: (607 722-9300
TWX: 510-252-0893

Pioneer Electronics
40 Oser Avenue

t

13743 Shovehne Court
Earth City 63(

Tel: (314) 344 1200
TWX: 910-762-0684

11787
Tel: (516) 231-9200

CG/SAL2/070788



NEW YORK (Cont'd.)
Pioneer Elecwonu:
Cmssway ark
Long Island 11797
51 921
-221-21 64
10 Parpor Pk
al
Fnlrpom 5
Tel: (716) 381-7070
253-7001

51

3o

NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greensdmry Road

Tel. )5819 876-3132
928-1856

\j’glamllwn/Avnet Electronics
10 Sprln Forest Drive

M '819 878-0819
928-1836

Pioneer/Technologies Grou , Inc.
01 A &mhar ogl p

ariotte 10
Tel: 9 527-8188
810-621-0366

OHIO
Arrow Electronics, Inc.
7620 McEwen Road
Centerville 45459
Tel: (513) 435-¢

: 810-459-1611

Anow Electronics, Inc.
2,38 cochran Road

W

;;I‘amllton/Avnel Electronics
Senal

Te 513 43W33
: 810-450-2531

Hamilton/Avnet Electronics
4588 Emery Industrial Pkwy.
Wanensvll Ha- hts 44121
Tel: (2 L‘
- 810-427-9452
Hami&ton/Avnei Eleclronlcs
Brook: d.

Westerville 43
Tel: (614) 882- 7004

Pioneer Electronics
merpolnl Boulevard

rAED

Tef: (513) 236-9900
: 810-459-1622

Pioneer Electronics
E. 131st Street

Chvﬁl de 05

600
22-2211

System Technical

OKLAHOMA
Arrow Electronics, Inc.
1211 E. 51t Street
Suite 101
Tulsa 74146
Tel: (918) 252-7537
‘tHamilton/Avnet Electronics
12121 E. 51st St,, Suite 102A
Tulsa 74146
Tel: (9|e) 252-7297
‘OREGON
Almac Electronlcs Corp.

85 N W 59( Place

97005
Tel 503) 629-8090
: 910-467-8746
wamilton/Avnet Electronics
W. Jean Road

Elig g, Suite ;00

ake Osy
751 (203 32 704
TWX: 91 55-8179

Wyla Distribution Group
50 N.E. Elam Young Parkway

l 600
Hlllsboro 97124
Tel (503) 640-6000
: 910-460-2203
PENNSYLVANIA/
Arrow Electronics, Inc.
6! Roa

S 0!
Monroeville 15146
Tel: (412) 856-7000

Hamilton/Avnet Electronics
2800 Liberty Ave.
Pimbulgh 5238

Tel: (412) 281-4150
Pioneer Electronics

pa Drive
Pittsburgh 15238

Tel: (412) 782-2300
TWX: 710-795-3122

TP-oneev/Technoiogles Group, Inc.

Delawar lley
261 Glbrallef Road
Horsham 1

Tel 52155574-4000
TEXAS
Arrow Electronics, Inc.

20 Commander Drive
Carroliton 75006

Tel: (21 4:}380—5464
TWX: 910-860-5377
tArrow Eleclronlcs, Inc.
10899 Kinghurst )
Su-le 100

louston 77¢
Tel (713) 530—4700
: 910-880-4439

Arrow Electvonlcs, Inc.
27 W. Braker
Austin 76758
Tel: 512 835-4180
-874-1348
IHamiltoﬂ/Avnet Electronics
)7 W. Braker Lane
Austin 78758
Tel: (512) 837-8911
TWX: 910-874-1318

Center

TEXAS (Cont'd.)
;Hamll(an/Avnel Electronics

2 Wall il Lane
Tel I LM) 550-6111
910-860-5929

tHamiiton/Avnet Electronics
4850 Wright Rd., Suite 190
Stafford 77477

Tel: (713) 240-7733

TWX: 810-881-5523

1Pioneer Electronlcs
18260 Krar

Austin 73758
Tel: (512) 835-4000
10-874-1323

Pioneer Electronics

3710 Omega Road
Dallas 752
Tel: (214) 386-7300
TWX: 910-850-5563
tPioneer Electronics

oint West Drive

Houston 77036
Tel: (7|3&9 8-5555
TWX: 91

Wyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953

UTAH

Arrow Electronics

1946 Parkway Bivd.
Salt Lake City 84119
Tel: (801) 973-6913

DOMESTIC DISTRIBUTORS (Cont’d.)

WISCONSIN

Arrow Electronics, Inc.
200N Pa\rlclag;vd Ste. 100

Tel (414) 767-6600

TWX:'910-262-1193

Hamilton/Avnet Electronics

2975 Moorland Road

New Berlin 53151

Tel (414 784-4510
-262-1182

CANADA
ALBERTA

Hemlnon/Avnel Electromcs
28 6215( r

W“%) 230-3586

: 03-827-642
Zentronics

Bay No.

33&0 14th Avenue NE.

Te| (433) 272~ 1021

BRITISH COLUMBIA
tHamilton/Avnet Electronics
105-2550 Boundal

Burmalay V5M 3Z:
Tel: (604) 437-6667

entrol
103 11400 Bnu%1port Road
Richmond V6X
e| 604) 273-5575
: 04-5077-89

it 2100 South
alt Lake Cif
el: (801) 97 2300
: 910-925-40°
Nyle Distribution Group
West 2200 South
lte E
fest Valley 84119
‘el: (801) 974-9953
WASHINGTON
‘Almac Electronics Corp.
4360 S.E. Eastgate Way
Bellevue 98007
ol: (206) 643-9992
- 910-444-2067

Arrow Electronics, Inc.
19540 68th Ave. South

Kent 98032

Tel: (206) 575-4420
fHamilton/Avnet Electronics
4212 N.E. 21st Street

el 205 643-3950
43-2469

vgyle Distribgulion va:p

Redmond 98052
ek (208) 861-1150

Zentronics

60-1313 Bmder Unit 60
Winnipeg R3H 0X4

Tel: (204) 694-1957

ONTARIO

Arrow Electronics, Inc.
36 An sres D

E 7W5
L i3k 3; 226-6903

Arrow Electronics, Inc.
1093 Meyerside
Mississauga L5T 1M4
Tel: (416) 673-7769

: 06-218213

Eléi:minonllwnel Electronics

5 Rexwood Road

Units 3-4-5

Misslssauga L4T 1R2

Tel: ;41 6u7-7432

TWX: 610-492-8867

Hamilton/Avnet Electronics
5 Rexwood Road

Unit
Mississauga L4T 1R2
Tel: (416) 277-0484

ONTARIO (Cont'd.)

tHamilton/Avnet Electronics
190 Colonnade Road South

Nepean K2E 7L
Tel: (613) 226-1700
TWX: 05-349-71

Zentromcs
Tilbury
Bram ton LST 314
Tel l6) 451-9600
976-78

tZentroni
155 cmonnade Road
Tai: (61 3) 226-8840

Zentronics
60-1313 Border St.
Winnl{e R3H 014
Tel: (204) 634-7957

QUEBEC

tArrow Electronics Inc.
4050 Jean Talon Quest

Montreal H4P 1W1
Tel: (514) 735-5511
: 05-25590

Arrow Electronics, Inc.
908 Charest Blvd.
Quebec JIN 2C9

Tel: (418) 687-4231

: 05-13388

Hsmillon/Avnet Electronics
279

T 4) 335-1000
T a1 a7

Zentronics
817 McCaffre)
St. Laurent HAT 1M3
5|4) 737-9700
: 05-827-535
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in

UNITED STATES
Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K. K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM v
Intel Corporation (U.K.) Ltd.

- Pipers Way

Swindon
Wiltshire, England SN3 1RJ

WEST GERMANY j
Intel Semiconductor GmbH

Dornacher Strasse 1

8016 Feldkirchen bei Muenchen

HONG KONG

Intel Semiconductor Ltd.
10/F East Tower

Bond Center

Queensway, Central

- CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario M9W 6HS8
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