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during the scan lines when the character is to be dis
played. The pixel counter is used to load the shift regis
ter every 9 pixels. This counter is synchronized to the 
beginning pixel of the window by starting when the 
window status pin falls. The row counter is used to 
supply row information to the character ROM. This 
counter is synchronized to the frame by starting from 
the end of the VSYNC pulse. Therefore, any character 
ROM window must begin at a multiple of 14 scan lines 
after VSYNC. 

Another situation in which a character ROM display 
may be practical is if a very large character set is re
quired. The Japanese Kanji characters are an example. 
The size of this character set is so large that it may be 
more practical to store the characters in a character 
ROM rather than load them from disk into the 82786 
graphics memory. Figure 40 illustrates a configuration 
that can display up to 65536 characters from a very 
detailed (32x32) font. This circuit allows both text and 
graphics windows to be displayed on the screen simul
taneously. One of the window status signals is used to 
select between text and graphics. 

Such a character set requires a high resolution, general
ly monochrome display. The circuit in Figure 40 allows 
up to 200 MHz video (one bit/pixel) for very high reso
lution screens. The 82786 is programmed in super high
speed acceleration mode as described in Section 5.6. 

The character-codes to be displayed should be placed in 
one bit/pixel bit-maps 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 
65536 characters are required, not all of the 16-bit 
character code addresses need be used for the charac
ter-ROM. Some of these bits may be used for attributes 
such as blinking and reverse video. The ROM contains 
a 32x32 character font, each character is split up 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 should be zoomed by 2 hori
zontally and by 32 vertically. The window must be 
placed at a multiple of 4-pixels from HSYNC and a 
multiple of 32-lines from VSYNC. It is possible to place 
windows at non-multiples from HSYNC and VSYNC if 
the "pane" and "row" counter parallel inputs are tied 
to other than ground. 

5.10 Combining the 82786 With Other 
Video Sources 

It is possible to combine graphics output from the 
82786 with output from other video sources such as 

broadcast TV, video recorders, and video laser disc 
players. The main requirement to perform such a feat is 
that both 82786 and the video source are locked in 
sync. 

The 82786 has two independent Video Slave modes and 
HSYNC/VSYNC and BLANK can be independently 
configured as outputs or inputs. When HSYNC/ 
VSYNC are programmed as inputs, then they are still 
outputs during the active display period if the window 
status is enabled. External HSYNC/vSYNC reset the 
82786 horizontal and vertical counters respectively. 

When BLANK is configured as output, the active dis
play period is determined by the programmed values of 
VFLDSTRT, VFLDSTP, HFLDSTRT, and 
HFLDSTP. When BLANK is configured as an input, 
the external system determines the active display peri
od. The internal video shift register generates video 
data only during the active display period. 

HSYNC/VSYNC and BLANK would normally be 
programmed as input/output as follows: 

HSYNCI 
Blank Application VSYNC 

Output Output Normal display generated by 
82786 

Input Output 82786 generated display 
superimposed on externally-
generated video 

Input Input Multiple 82786 systems 

The 82786 sync timing registers should be programmed 
to be as close to the frequency of the video source as 
possible. The 82786 should also be programmed for 
slave video-sync. The sync signals from the video 
source must be converted into separate TTL-level hori
zontal and vertical sync and fed to the 82786 HSYNC 
and VSYNC pins. The 82786 will then automatically 
sync itself up 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 can be 
derived directly from a crystal oscillator. Since the 
82786 syncs up to the nearest pixel on every scan line, 
even video sources with imperfect timings, such as vid
eo recorders where speed variations are common, will 
produce an acceptable picture. The frame-to-frame de
viation of the 82786 graphics information on the screen 
relative to the video source will never be more than one 
pixel. 
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For more demanding applications, the 82786 video 
clock can be synthesized directly from the video source 
timings using a phase-locked-loop circuit. The 82786 
will still sync itself up every scan line, but now the 
relationship between HSYNC and the 82786 VCLK 
will remain constant. This implementation will create 
virtually no deviation between the 82786 graphics and 
the video source. 

In the case of interlaced video, care must be taken to 
initially start the 82786 display just prior to the 
VSYNC before an even-field. The 82786 initialization 
software is responsible to guarantee that the first 
LD~LL to start the 82786 display occurs sufficiently 
before the VSYNC during an odd-field so the first 
82786 display field will match the video source even
field. 

Once the 82786 is locked in sync with the video source, 
then the VDATA information from the 82786 can easi
ly be combined with the video from the video source. 
Although the two video signals could be mixed on top 
of each other, probably the most common implementa
tion is to switch between one or the other source. For 
example, the 82786 could create letters that are to be 
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, otherwise the 
video source is 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 in a number of ways. If the switching is to be 
done on window boundaries, one window status pin can 
be used to control the switch. If the switching must be 
done within a window, a special graphics color code 
can be used to indicate that the 82786 video should be 
replaced with that from the video source. Possibly the 
color 11111111 could be placed on the VDATA pins 
and an 8-input NAND gate used to control the analog 
switch. 
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5.11 Other Types of Displays and 
Printers 

The 82786 not only can be used with CRTs, but can 
also be used with other types of displays such as LCD, 
plasma, and intelligent printers. These devices have 
such a wide range of interface requirements that space 
does not permit each individual situation to be ad
dressed in detail. Rather, some example requirements 
are discussed to illustrate how the 82786 can meet those 
needs. 

PIXEL CLOCK RATE 

The rate at which pixels are clocked into displays can 
vary immensely. The 82786 allows a very wide range of 
video clock frequencies from DC levels to 25 MHz to 
accommodate such devices. In addition, faster clock 
rates can be generated using the method described in 
Section 5.6 

NO REFRESH 

Printers and some displays are not required to be con
tinuously refreshed. Needlessly running the 82786 Dis
play Processor through refresh cycles steals bus band
width from the Graphics and other Processors. To 
eliminate this waste, the display can be turned off by 
resetting the DspOn bit (bit 0) in the Display Processor 
VStat Register (register number 0). When DspOn is 
reset, the Display Processor will continue to generate 
HSYNC, VSYNC, and BLANK and place Default
VDATA on the VDATA lines, but no bus bandwidth 
will be required. 

When a change to the display is required, the DspOn 
bit can be set using the LD_REG or LD_ALL com
mand. Once the refresh starts, another LD_REG 
command to tum the display back off can be placed in 
the Display Processor Opcode Register. The Display 
Processor will then automatically execute it when the 
refresh is completed. 

PARTIAL DISPLAY UPDATES 

Some displays that do not require continuous refresh, 
do have a long update time. It may take several seconds 
to update every pixel on the display. For small changes 
to the display, such as adding each character as it is 
typed by the user, it may be much more feasible to 
update only the portion of the display which is affected. 
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Using the very flexible windowing capability of the 
82786, it is possible to only scan through a specific por
tion of the display. 

PIXEL ADDRESS GENERATION 

Some displays, especially those which allow only partial 
display updates, require that pixel location addresses be 
generated along with the pixel data. Although external 
circuitry could be used to generate these addresses, the 
82786 can be used to generate them directly. If a single 
8-bit address is all that is required, the DefaultVDATA 
register can be programmed to a value that the 
VDATA pins will reflect during blank time. With prop
er programming of the sync timing registers, this value 
can be clocked into the display before each scan line 
using HSYNC. 

More complex pixel addresses can be generated by us
ing the 82786 windowing capability. By creating a thin 
window at the beginning of each scan line, one or more 
bytes of address information can be sequentially 
clocked out over the VDAT A pins before each line. 

ULTRA HIGH RESOLUTION 

Because some displays use either slow refresh times or 
don't require refresh at all, it is possible to· have very 
high resolutions. All of the display counters in the 
82786 are 12 bits allowing up to a 4096 X 4096 display 
size (some of this resolution may not be available de
pending on the number of sync clock cycles required). 
Trading off bits/pixel for resolution, the accelerated 
modes can provide 2, 4, or 8 times this resolution hori
zontally, up to 32768 pixels. 

Still, some applications, such as printers, may require 
even greater resolutions. This is possible with the 82786 
using external counters to generate the HSYNC, 
VSYNC, and BLANK inputs for the 82786. The 82786 
should be programmed for slave video mode by setting 
the CRTMode register (Display Processor register 5 
bits 2 and 3 should be set). Using all 16 horizontal 
windows, the horizontal resolution may be up to 
4096 X 16 = 65536 pixels. Again, trading off bits/pix
el for resolution, the accelerated modes can provide 2, 
4, or 8 times this resolution, up to 524288 pixels. Verti
cally there is no limit to the resolution. 

Such high resolutions require a lot of memory. For ex
ample, suppose a printer can generate 300 x 300 dots 
per square inch and is used on 8.5 x 11 inch paper. 
Assuming only one bit/pixel (no gray scale) the entire 
page would require: 

300 X 300 X 8.5 X 11 
-------- = 1.05 Megabytes 

8 bits 

48 

It may not be feasible to place this much memory into a 
printer. But it may be feasible to generate the display 
one strip at a time. Suppose that the first 300 lines are 
generated and printed. Once printed the next 300 lines 
can be generated and printed using the same memory. 
Now the memory required is only: 

300 X 300 X 8.5 
--8-b-i-ts-- = 96 Kbytes 

If the image to be printed can be described by a set of 
commands for the Graphics Processor, eaCh strip can 
be very easily generated. The drawing bit-map and clip
ping rectangle are set for the first strip and the Graph
ics processor then runs through the command list. 
Once completed the strip may be printed. Then the bit
map and clipping rectangle are set for the second strip 
and the Graphics Processor again traverses the same 
command list to generate the second strip. 

If there is enough memory for two strips, double buffer
ing can be used to pipeline the operation. While the 
Display Processor is busy printing one strip, the 
Graphics Processor can be generating the next strip. 
The same approach can be extended to multiple pages, 
even using more than one 82786. . 

5.12 Calculating the Video Parameters 

The 82786 video Display Processor is programmable to 
afford a wide variety of display formats. To determine 
the display format(s) that one would like to generate, 
several parameters must be considered. 

Application parameters: these are dependent on the 
needs of the specific application and must be chosen by 
the designer. 

Hres-horizontal resolution - number of pixels per 
horizontal line. When using accelerated video, Hres 
must be a multiple of Aceel (following pages). 

Vres-vertica1 resolution - number of vertical pixels 
(scan lines) per display 

Vfreq-vertica1 frequency - rate at which CRT beam 
makes one pass from the top of the screen to the bot
tom. It is common to use 60 Hz but almost any other 
frequency can be generated by the 82786. US broadcast 
television standards use a 59.95 Hz rate. European vid
eo systems are based on a 50 Hz field rate. High resolu
tion displays often use 40 Hz or lower. Slower rates 
reduce the speed requirements of the monitor and the 
82786 video circuitry and also permit higher resolu
tions. However, slower rates also flicker more and may 
be intolerable to the operator. Generally, rates signifi
cantly under 60 Hz will tend to cause some perceptable 
flicker unless CRTs with long persistence phosphor are 
used. 
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ILC--interlacing -- A non-interlaced display generates 
the entire display frame in one field scan. One method 
to double the resolution of a display is to use interlac
ing. Rather than use just one field to display all the 
information, two consecutive fields are used to create 
the entire display frame (Figure 41). 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 
perceptable flicker. For detailed computer graphics, 
however, one line may change drastically from the next 
in color and/or intensity, in which case interlacing at 
such rates do cause perceptable flicker. 

The 82786 supports both non-interlaced and interlaced 
displays. In addition, an interlaced-sync mode is avail
able which generates sync signals in the manner used 
by interlaced displays, but generates the video signals in 

NOH-INTERLACING 
KEV 

the manner used by non-interlaced displays (both fields 
identical). This permits interlaced screens with consec
utive pairs of lines identical. 

Monitor parameters: these are dependent on the specif
ic reqnirements of the display monitor used. 

Hbl8nk--horizontal blanking time -- the time required 
for the CRT beam to jump from the right side of the 
display back to the left and stabilize. This is also called 
horizontal retrace time and is the sum of the horizontal 
sync and front and back porch times (Figure 42). Moni
tors typically range from 5-12 /Ls. 

Vblank--vertical blanking time -- 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 and is the sum of the vertical sync 
and front and back porch times (Figure 43). Monitors 
typically range from 600-1400 /Ls. 

INTERLACING 

ACTIUE SCAN LINE 
INUISliLE RETRACE PATH 
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Figure 41_ Non-Interlacing and Interlacing Displays 
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Figure 42. Horizontal Sync and Blank Timing Parameters 
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Figure 43. Vertical Sync and Blank Timing Parameters 

Hfreq-horizontal frequency - the frequency at which 
horizontal lines are scanned. Monitors typically range 
from 15-36 kHz. 

Vfreq-vertical frequency - the frequency at which 
the display field is scanned. Monitors typically range 
from 40-70 Hz. 

BPP-bits per pixel - monitors with digital inputs re
strict the number of usable bits/pixel. Monitors with 
analog inputs allow a virtually unlimited range of inten
sities with the use of Digital-to-Analog converters. This 
parameter is mainly dependent on the video interface 
hardware described in the previous sections. 

Color monitors generally limit the perceivable horizon
tal and vertical resolution due to their shadow mask. 
See the specific monitor specifications for more details. 

Video interface parameters: these are dependent on the 
82786 component and the video interface logic. 

VCLK-video clock frequency - 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 - this parameter is 
determined by what mode the 82786 is used in. Nor
mally Accel = 1. If the trade-offs mentioned in Section 
5.6 are used to attain higher video rates at the expense 
of fewer bits/pixel, then the value for Accel should be 
2,4, or 8. 

50 

Video Max Programmed 
Mode DotClk 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 Ultra High Speed 200 MHz 1 1 

DotClk-pixel dot clock frequency - this is normally 
the same as VCLK. However, when accelerated video 
modes are used, this is either 2, 4, or 8 times VCLK. 

DotClk = VCLK X Accel 

HSynStp, HFldStrt, HFldStp, LineLen-these are val
ues programmed into the 82786 Display Processor to 
determine the horizontal scan timing (Figure 42). They 
may be set to any value from 0 to 4095. Their values 
should also fit the formula: 

HSynStp < HFldStrt < HFldStp < LineLen 

VSynStp, VFldStrt, VFldStp, FramLen-these are val
ues programmed into the 82786 Display processor to 
determine the vertical scan timing (Figure 43). They 
may be set to any value from 0 to 4095. Their values 
should also fit the formula: 

VSynStp < VFldStrt < VFldStp < FramLen 

Once the above parameters are evaluated, the video pa
rameters can actually be calculated. The parameters in
teract quite heavily so that, for example, if a specific 



infef AP-270 

horizontal and vertical resolution at a specific field rate 
is required, the monitor frequencies and blank times 
may need to be altered. It may take several iterations to 
optimize all the parameters. The calculations can be 
performed by hand. However, a much easier way to 
manipulate these values is by using a spreadsheet pro
gram. A spreadsheet allows the parameters to be easily 
manipulated with their affects immediately displayed. 
A spreadsheet template for this purpose is given in Sec
tion 5.13. 

The following formulas are used to determine the video 
parameters. Along with the formulas is an example cal
culation. For the example, let's generate a 640 X 400 
X 8 bit/pixel (256 color) screen at 60 Hz non-inter
laced. We will assume: 

Hres 640 pixels 
Vres 400 pixels 
Vfreq% 60 Hz 
Hblank% 12 !'-S 
Vblank% = 1300!,-s 
Accel 1 (no external acceleration) 

Variables with a percent (%) after them represent de
sired values, the actual value will be calculated below. 

ROUND(X) will be used to denote rounding off X to 
the nearest integer. 

First, calculate the vertical resolution per field. Since 
our display is non-interlaced, the value is the same as 
the vertical resolution. 

If interlaced then: VresFld = Vres/2 
else: VresFld = Vres Vresfld 

= 400 pixels 

With interlaced screens, VresFid is half the vertical res
olution. For example, with 525 lines, use 262.5 for 
VresFld. 

Now, calculate the horizontal frequency required. Sub
tract the vertical blank time from the vertical period 
and divide by the active vertical lines to obtain the hori
zontal period. Inverting all that gives the horizontal 
frequency. 

1 VresFld 
Hfreq% =---

Hperiod% (1IVfreq%) - Vblank% 

400 
.,....-,----- = 26.03 kHz 
(1/60) 1300 !'-S 

In a similar manner, calculate the pixel dot clock re
quired. 

Hres 
DotClk% = 1 

DotPeriod% (1/Hfreq%) - Hblank% 

640 
= = 24.23 MHz 

(1/26.03 kHz) - 12 !,-5 

And then calculate the actual 82786 VCLK. Since ex
ternal acceleration circuits are not used in our example, 
it turns out to be the same as the DotClk. 

VCLK% = DotClk% I Accel = 24.23 MHz I 1 
= 24.23 MHz 

Great, now all we need is a 24.23 MHz crystal is need
ed to generate VCLK. But since such a crystal is tough 
to find, try a 25 MHz crystal instead and see how it 
affects the rest of the parameters. First of all, the pixel 
dot clock changes. 

DotClk = VClk x Accel = 25.00 MHz x 1 = 25.00 MHz 

Now, see how many VCLK's are required for the hori
zontal blank time. 

HbiankClk5 = ROUND (VCLK x Hblank%) = ROUND 
(25 MHz x 12 !'-s) = 300 

Now we calculate the actual horizontal blank time. 

HblankClks 300 
Hblank = VCLK = 25 MHz = 12!,-s 

The actual horizontal period is then the time required 
to display one line of pixels plus the blanking time. 

1 
Hfreq = -::-:---:-=-:-:::-::-:-....,--:-::-,--,

(Hres I DotClk) + Hblank 

1 = 26.60 kHz 
(640 I 25 MHz) + 12!,-s 

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

VFieldLines = ROUND(Hfreq I Vfreq%) 
= ROUND(26.60 kHz I 60 Hz) = 443 

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

The number of scan lines determines the actual vertical 
frequency: 

Vfreq = Hfreq I VFieldLines = 26.60 kHz I 443 
= 60.05 Hz 
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Now that the major parameters are calculated and we 
are satisfied with them, we can break up the blanking 
times into sync, front and back porch times. Typical 
monitor values are: 

HSync = 2 IJ-s 
HBack = 6 IJ-s 

VSync = 300 IJ-s 
VBaek = 800 IJ-s 

HSyneClks = ROUND (VCLK x HSYNC) 
= ROUND (25 MHz x 2 IJ-s) = 50 

HBaekClks = ROUND (VCLK x HBack) 
= ROUND (25 MHz x 6 IJ-s) = 150 

VSyneClks = ROUND (Hfreqx VSYNC) 
= ROUND (26.6 kHz x 300 IJ-s) = 8 

VBackClks = ROUND (Hfreq x VBaek) 
= ROUND (26.6 kHz x 800 IJ-s) = 21 

Now it's a simple matter to calculate the values for the 
eight 82786 Display Processor video timing registers. 

HSynStp = HSyneClks - 3 
50 - 3 = 47 

HFldStrt = HSynStp + HBaekClks 
= 47 + 150 197 

HFldStp = HFldStrt + (Hres / Accel) 
= 197 + (640 / 1) = 837 

LineLen = HBlankClks + (Hres / Aceel) - 3 
= 300 + (640 / 1) - 3 = 937 

52 

For non-interlaced displays: 

VSynStp = VSyneLines - 1 
=8-1=7 

VFldStrt = VSyncStp + VBaekLines 
= 7 + 21 = 28 

VFldStp = VFldStrt + Vres 
= 28 + 400 = 428 

FramLen = VFieldLines - 1 
= 443 - 1 = 442 

For interlaced displays: 

VSynStp 
VFldStrt 
VFldStp 

= (VSyncLines - 1) x 2 
= VSynStp + (VBaekLines x 2) 
= VFieldsLines - 2 

Make sure LineLen > HFldStp and that FramLen > 
VFieldLines. If not, your parameters are inconsistent 
and you should modify your requirements and re-calcu
late. 

Finally, the bits for the CRTMode Register should be 
determined. For our example, non-interlaced mode is 
used and no accelerated video is required. Assuming 
the 82786 is used to generate the HSYNC, VSYNC and 
BLANK signals and assuming the window Status pins 
are not used, the CRTMode registers should be loaded 
with all zeros. 
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CRTMode - Display Processor Register # 5 
15 7 6 5 4 3 2 1 0 

RESERVED I~C W S B 

I 
ACCELERATED VIDEO BITS 

o 0 NORMAL SPEED (UP TO 25 MHz) 
o 1 HIGH SPEED (up TO 50 MHZ) 
1 0 VERY HIGH SPEED (UP TO 100 MHz) 
1 1 SUPER HIGH SPEED (UP TO 200 MHz) 

BLANK SLAVE MODE (1 = EXTERNAL BLANK) 

HSYNC, VSYNC SLAVE MODE (1 = EXTERNAL SYNC) 

WINDOW STATUS PINS (1 = ENABLE) 

INTERLACE 

o 0 NON-INTERLACED 
o 1 RESERVED 
1 0 INTERLACE (SYNC AND VIDEO) 
1 1 INTERLACE-SYNC (SYNC ONLY) 

292007-48 

The host CPU software is required to load the values of 
the eight video timing registers and the CRTMode reg
ister. Generally, this is done during system initializa
tion. The registers should all be loaded simultaneously 
using the LD---.ALL command rather than using indi
vidual LD~EG commands. This ensures that the 
video sync signals are never invalid while registers are 
being loaded. 

Some CRTs can be permanently damaged by supplying 
the wrong sync frequencies to them. To prevent invalid 
video sync signals, the HSYNC, VSYNC, and BLANK 

pins are tristated after RESET until the CRTMode 
Register has been written to. 

5.13 A Spreadsheet for Calculating 
Video Parameters 

As seen in the previous section, quite a number of cal
culations are required to determine the 82786 video pa
rameter constants. Often several iterations through the 
calculations are required to optimize the display for
mat. This process can be greatly simplified by using a 
spreadsheet. 
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An example of the output from such a spreadsheet is 
shown below. This example illustrates a 1290 x 968 x 
4-bit/pixe1 (16 color) interlaced 60 Hz display. The 
user has supplied all of the values under the "DE
SIRED" column and the spreadsheet program has cal
culated the rest. The "ACTUAL" column shows the 
closest timings and parameters that the 82786 can actu
ally supply. The "82786 DP REGISTER VALUES" 
shows the values that should be programmed into the 
Display Processor registers to generate such a display. 

8 2 786 V IDE 0 

The User can easily modify the "DESIRED" values 
until the "ACTUAL" values meet the application's 
needs. Care should be taken to ensure that all "ACTU
AL" values are logically correct. If for example, any of 
the calculated parameters are negative, then the set of 
"DESIRED" parameters can not produce such a dis
play, so some parameters must be adjusted. 

PAR A MET E R S 

Type under DESIRED column only: ACTUAL & REGISTER columns are calculated 

PARAMETER DESIRED ACTUAL 

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 Line Rate (kHz) : --- 30.487 
Horiz Sync Width (JLs) : 2 2 
Horiz Back Porch (JLs) : 4 4 
Horiz Front Porch (JLs) : 1 1 

Vert. Frame Rate (Hz) : 60 59.956 
Vert. Sync Width (JLs) : 200 196.8 
Vert. Back Porch (JLs) : 400 393.6 
Vert. Front Porch (JLs) : 213.2 

The template follows. This template should be easily 
adaptable to nearly any spreadsheet program. This par
ticular spreadsheet program uses @ROUND(X,O) to 
denote rounding to the nearest integer. If no rounding 
function is available in your spreadsheet 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+O.S) for @ROUND(X,O) 

54 

82786 DP REGISTER VALUES 

LineLen: 818 
HSynStp: 48 
HFldStrt: 148 
HFldStp: 793 

FramLen: 1015 
VSynStp: 10 
VFldStrt: 34 
VFldStp: 1002 

After entering the template into your favorite spread
sheet, you may wish to verify that it is working correct
ly by entering the "DESIRED" values of the above 
example and checking that the "ACTUAL" and 
"REGISTER" results match. 



J1 
J1 

1 
2 
3 
4 
5 
6: 
7: 
8: 
9: 

10: 
11: 
12: 
13: 
14: 
15 : 
16: 
17: 
18 
19 
20 

------------A------------ ---B--- ------------C------------- ---D--- -----------------E-------------------
8 278 6 V IDE 0 PAR A M,E T E R S 

Type under DESIRED column only: ACTUAL & REGISTER columns are calculated 

PARAMETER 

Video Clock VCLK (MHz): 
Acceleration (1,2,4 or 8) : 
Interlacing (l=no, 2=yes): 
Horiz Resolution (Pixels): 
Vert. Resolution (Pixels): 

Horiz Line Rate (kHz) : 
Horiz Sync Width (p.s) : 
Horiz Back Porch (p.s) : 
Horiz Front Porch (p.s) : 

Vert. Frame Rate (Hz) : 
Vert. Sync Width (p.s) : 
Vert. Back Porch (p.s) : 
Vert. Front Porch (p.s) : 

DESIRED ACTUAL 

+B6 
+B7 
+B8 
@ROUND(B9/C7,O)*C7 
@ROUND(BlO,O) 

(C6*1000)/(E12+2) 
(El3+2)/C6 
(E14-E13)/C6 
(E12-E15)/C6 

(C8*C12*1000)/(E17+C8) 
((E18+C8)*1000)/(C12*C8) 
((E19-E18)*1000)/(C12*C8) 
(E17-E20)*1000/(C12*C8) 

82786 DP REGISTER VALUES 

LineLen: 
HSynStp: 
HFldStrt: 
HFldStp: 

FramLen: 
VSynStp: 
VFldStrt: 
VFldStp: 

@ROUND(C6*B15,O)+E15 
@ROUND(C6*B13,O) -3 
@ROUND(C6*B14,O)+E13 
+E14+(C9/C7) 

@ROUND((C12*1000)/B17-(C8-1)/2,O)*C8-1 
(@ROUND((C12*B18)/1000,O)-1)*C8 
@ROUND((C12*B19)/1000,O)*C8+E18 
+El9+CIO 

( 

l> 
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APPENDIX A 
SAMPLE INITIALIZATION CODE 

Many registers within the 82786 must be initialized to 
configure the 82786 for the particular hardware envi
ronment it resides in. This appendix contains assembly 
language code to initialize the 82786 for one particular 
configuration: 

synchronous 10 MHz 80286 interface 
(Sections 4.2 and 4.3, Figure 18) 

one row of two interleaved banks of 51C256 Fast
page-mode DRAM 
(Section 3.3, Figure 9) 

640 x 300 x 8-bit/pixel non-interlaced 60 Hz dis
play, 25 MHz VCLK 
(Section 5.11, Figure 27) 

name Initialization82786 

Memory82786 segment at OCOOOh 

All of the parameters to be initialized for this configu
ration are calculated under their corresponding sections 
in the body of this application note. To calculate the 
parameters for other configurations, refer to these sec
tions. 

This example of initialization code can be used to ini
tially test many of the hardware functions. The code 
should create a stable display on the CRT. The display 
will consist of a black field which covers the entire 
screen (a 640 x 400 black rectangle). In the center of 
the rectangle is a 16 x 16 pixel arrow-shaped red and 
yellow cursor. 

;segment located at start of CPU-mapped 82786 memory 

;define locations of 82786 internal registers 

org 0 

Internalrelocation dw ? ;BIU registers 
Reserved dw ? 
BIUControl dw ? 
RefreshControl dw ? 
DRAMControl dw ? 
DisplayPriority dw ? 
GraphicsPriority dw ? 
ExternalPriority dw ? 

org 20h 

GPOpcode dw ? ;Graphics Processor registers 
GPLinkAddressLower dw ? 
GPLinkAddressUpper dw ? 
GPStatus dw ? 
GPlnstructionPtrLower dw ? 
GPlnstructionPtrUpper dw ? 

org 40h 

DPOpcode dw ? ;Display Processor registers 
DPParameterl dw ? 
DPParameter2 dw ? 
DPParameter3 dw ? 
DPStatus dw ? 
DefaultVDATA dw ? 

IL1 
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;location of values for Display Processor LD_ALL instruction 

org 80h 

DPLdAllRegs label word 

dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 

3 
OFFh 
24 
o 
o 
o 
47 
197 
837 
937 
7 
28 
428 
442 

;VStat: 
;IntMask: 
;TripPt: 
;Frint: 

turn on display and cursor 
mask all interrupts 
trip point = 24 FIFO dwords 
cause interrupt every frame (interrupt is masked) 
reserved 

;CRTMode: non-interlaced, non-accelerated, master sync&blank 
;HSynStp: horizontal sync stop 
;HFldStrt: horizontal field start 
;HFldStp: horizontal field stop 
;LineLen: horizontal line length 
;VSynStp: vertical sync stop 
;VFldStrt: vertical field start 
;VFldStp: vertical field stop 
;FramLen: vertical frame length 

8 video timing registers 
are programmed for 
640 x 400 at 60 Hz 
with 25 MHz VCLK 

dw offset WinDescl ;DescAddrL:descriptor address pointer lower 
dw 0 ;DescAddrU:descriptor address pointer upper 

; (Reserved) dw 0 
db 0 ;ZoomY: no vertical zoom 
db 0 ;ZoomX: no horizontal zoom 
dw 
dw 
dw 
dw 
dw 
db 
db 
dw 
dw 

dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 

WinDescL 

o 
OFFh 
o 

;FldColor: black field color 
;BdrColor: white border color 

o 
o 

;PadlBPP: pad with zeros for 1 bit/pixel 
;Pad2BPP: pad with zeros for 2 bits/pixel 
;Pad4BPP: pad with zeros for 4 bits/pixel 

2 
80h 
510 
220 

;CursorPad:pad with red for cursor (yellow cursor in red box) 
;CsrStyle: opaque l6x16 block cursor, no window status 
;CsrPosX: put cursor in middle of screen (horizontally) 
;CsrPosY: put cursor in middle of screen (vertically) 

OOOOOOOllOOOOOOOb 
OOOOOOllllOOOOOOb 
OOOOOllllllOOOOOb 
OOOOllllllllOOOOb 
OOOllllllllllOOOb 
OOllllllllllllOOb 
OllllllllllllllOb 
Illlllllllllllilb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 

;CsrPatO: 
;CsrPatl: 
;CsrPat2: 
;CsrPat3: 
;CsrPat4: 
;CsrPat5: 
;CsrPat6 : 
;CsrPat7 : 
;CsrPat8: 
;CsrPat9 : 
;CsrPatA: 
;CsrPatB: 
;CsrPatC: 
;CsrPatD: 
;CsrPatE: 
;CsrPatF: 

create arrow-shaped cursor pattern 

;location of strip descriptor list 

label word 

dw 399 
dw 0 
dw 0 
dw 0 

;strip descriptor list 
;header of strip descriptor 

;lines in strip (400 covers entire screen) 
;lower link to next strip descr (there is none) 
;upper link to next strip descr (there is none) 
;number of tiles in strip (only one) 

A-2 
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;first (and only) tile descriptor 
dw 
dw 
dw 
dw 
dw 
dw 

o 
o 
o 
639 

;bit-map width (not applicable, this is field) 
;memory start lower addr (not applicable) 
;memory start upper addr (not applicable) 
;field width (640 covers entire screen) 

o 
OOOOlh 

;fetch count (not applicable, this is field) 
;set field bit,use top,bottom,left,right borders 

Memory82786 ends 

Initialize82786 segment ;code to initialize 82786 

mov aX,seg BIUControl 

mov dS,ax ;put 82786 register segment in ds 

assume cs:lnitialize82786, ds:Memory82786 

mov byte ptr BIUControl, 30h 
mov byte ptr BIUControl+l, 0 

mov InternalRelocation, Olh 

mov DRAMControl, IDh 
mov RefreshControl, 18 

mov DisplayPriority, llOllOb 

mov GraphicsPriority, OlOOlOb 
mov ExternalPriority, 100000b 

;convert 82786 to 16-bit bus ••• 
; ••• must use two 8-bit transfers 

;locate reg's at 82786 mem addr 

;1 row, interleaved 51C256 DRAM 
;request refresh every 15.2 uS 

;set Display FPL, SPL = 6 

;set Graphics FPL, SPL = 2 
;set External FPL = 4 

Oh 

mov DPParameterl, offset DPLdAllRegs ;address for LD_All command 
mov DPParameter2, OCH 
mov DPOpcode, 5 

ret 

Initialize82786 ends 

If the constants in the CPU-mapped 82786 memory for 
the LD-ALL command and the strip descriptor list 
(in Memory82786 segment) cannot be loaded into 
82786 memory by the system's program loader, they 
will have to be loaded by the initialization code. One 
method is to have the loader load them into CPU sys
tem memory and use a repeat-move-string command in 
the initialization code to move these constants into the 
82786 graphics memory. Alternatively, it is possible to 
place these constants in the 82786-mapped CPU memo
ry and allow the 82786 to fetch them using master
mode. This method, however, is not as efficient because 
the 82786 must re-fetch the strip descriptor list for ev
ery display frame. 

The Graphics Processor is not used in this initialization 
code. To fully initialize the Graphics Processor, the fol
lowing commands are required: 
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;let DP perform LD_All command 

;end of initialization subrtn 

Def_Bit_Map for all drawing and BitBlt com
mands 

Def_Logical_Op for all drawing and BitBlt com-
mands 

Def_Colors if line/character drawing used 

Def_Texture if line drawing used 

Def_Char_Set if character drawing used 

Def_Char_Orient if character drawing used 

Def_Char_Space if character drawing used 

Load_Reg initialize stack pointer if macros 
used 

Load_Reg 

Load_Reg 

set poll-on-exception mask if used 

set interrupt mask if interrupts 
used 
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