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mte[ AP-270
15 6 5 4 3 2 1 0
| reservep | vr | wr[sce| ai | o [wei]wez]

RESET DEFAULT: 0 1 0 0

VRAM CONTROL

0o 0 O

WRITE PROTECTION 2
WHEN SET: ALL BITS OF
ALL BIU REGISTERS ARE
PREVENTED FROM CHANGING
DURING WRITES.

WRITE PROTECTION 1
WHEN SET: ALL BITS OF ALL
BIU REGISTERS ARE PREVENTED
FROM CHANGING DURING WRITES
EXCEPT WP1 AND WP2.

GRAPHICS PROCESSOR INTERRUPT
SET WHEN GRAPHICS PROCESSOR ISSUES AN
INTERRUPT. CLEARED BY READ OF THIS
REGISTER.

EXTERNAL BUS SIZE
0=8 BIT BUS
1=16 BIT BUS

WAIT STATE FOR IAPX 186
0=MAX 1 (2) WAIT STATES
1=MIN 2 (3) WAIT STATES

0= USING STANDARD DRAMS
1= USING VIDEO DRAMS

DISPLAY PROCESSOR INTERRUPT
SET WHEN DISPLAY PROCESSOR ISSUES
AN INTERRUPT. CLEARED BY READ OF
THIS REGISTER.

292007-19

One final BIU register contains a miscellaney of: bits.

After the BIU registers have been initialized, the WP1

and WP2 bits can be used to protect all of the BIU
registers (82786 internal register offsets 00h — OFh)
from being rewritten. This will prevent faulty software
from going wild and placing the 82786 into an unwant-
ed state. Once WP1 is set, the only way to change the
BIU registers is to reset WP1 first. Once WP2 is set,
there is no way for the software to modify the BIU
registers until a 82786 hardware RESET is performed.

After the 82786 causes an interrupt, the GI and DI
interrupt bits are used to allow the software to deter-
mine whether the Graphics or Display Processor
caused the interrupt. It is possible that both of these
bits may be set if both processors have caused an inter-
rupt by the time the interrupt handler reads this regis-
ter. In this case, both interrupts should be handled by
the interrupt handler.

Although it is not absolutely necessary to allow the
82786 to interrupt the CPU, it is very desirable. Graph-
ics Processor interrupts can inform the software when
it has completed all the commands as well as to report

error conditions. Display Processor interrupts can in-
form the software when a new display field has begun.
A new command can then be loaded into the Display
Processor to be executed before the next display field.
This facilitates operations such as smooth scrolling and
blinking. The only hardware requirement to permit
82786 interrupts is that the 82786 INTR pin is tied to
one of the interrupt controller inputs.

Although the 82786 always uses 16 bits, the 82786 can
be used with both 8 and 16 bit processors. For an 8-bit
CPU, separate transceivers are required for the low and
high bytes to the 82786 (Figure 18). In both 8 and 16
bit modes, graphics memory may be accessed a byte at
a time. Although the 82786 internal registers may be
read a byte at a time, they all are considered to be 16
bits (even if some of the bits aren’t used) and must
always be written in 2-byte even-word pairs. In 16-bit
mode, they must be written as a 16-bit word. In 8-bit
mode, first the lower (even-address) byte is written and
then the upper (odd-address) byte is written. With an 8-
bit processor such as the 8088, both of the following
assembly routines may be used to load the 16-bit BI-
UControl Register with AX. '
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Figure 18. 8-Bit CPU Uses Two Data Transceivers to Connect to 82786

mov dx,BIUControl

out dx,al swrite AL into low-byte of BIUControl
mov al,ah

ine dx

out dx,al swrite AH into high-byte of BIUControl
or:

mov dx,BIUControl
out dx,ax swrite AX into BIUControl word

In 8-bit mode, an even-byte write to a 82786 internal register does not change any of the 82786 internal registers, the
data is simply saved until an odd-byte write to a 82786 internal register is performed. Then both the high and low
bytes are written into that register. In effect, the even-byte address is ignored and an odd-byte write will write into
the register both the odd-byte data and whatever even byte data was last written, into the register address specified
by the odd-byte access. There is no limit to the amount of time allowed between the even-byte and corresponding
odd-byte writes. An odd-byte write that is not preceded by an even-byte will be ignored.

The 82786 always comes up in 8-bit mode after RESET. This means that a 16-bit CPU should change the BCP bit to
one. It must perform two byte-wide accesses to do this. The following initialization code can be used.

mov dx,BIUControl

mov al,30h

out dx,al swrite 30h into low=-byte of BIUControl
xor al,al

ine dx

out dx,al " s;write OOh into high-byte of BIUControl

mov dx,InternalRelocation
mov ax,03F8h
out dx,ax swrite 03F8h into InternalRelocation word

The 82786 is first placed in 16-bit mode (using two 8-bit writes), then the 82786 internal registers are located at the
desired address (which is done with a 16-bit write). Next, the DRAM/VRAM and priority registers should be
initialized. Byte-wide writes into the 82786 internal registers can not be performed while BCP = 1.

All the 82786 master mode operations are 16 bits wide independent of the BCP bit. This means that system memory

must be accessible 16-bits at a time if master mode is to be used. The WT bit is set to 1 on reset. The VR bit is reset to
0 at reset.
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4.3 80286 Synchronous Interface

Since the 82786 has been optimized for the 80286, it is
not surprising that the interface logic is very minimal.
Figure 19 shows a 82786 connected synchronously to
an 80286. Much of the logic, such as the 82288, chip-se-
lect, and ready, can be shared by the rest of the 80286
system.

This configuration allows both master and slave access-
es. The data transceivers allow the 80286 to access the
82786 and graphics memory and the 82786 to access
the-80286 system memory. They also provide the isola-
tion required to allow the 80286 to access system mem-
ory while the 82786 accesses graphics memory simulta-
neously. The tristate buffer 74L.8367 is used to pull the
80286 upper address lines, COD/INTA, LOCK and
PEACK to their proper states during master-mode. If
any of these signals are not used by the rest of the
system, they need not be driven by a tristate buffer.

If master mode is not required, MEN will stay low and
three of the four gates driving the data transceivers can
be eliminated. Also, the tristate buffer, which is only
used in master-mode, may be eliminated. HREQ
should be left open and the 82786 HLDA pin should be
tied to ground so that the 82786 will never enter master
mode. '

Both the 80286 and the 82786 internally divide-by-two
the CLK input and use both phases. For the 82786 to
run correctly with the 80286, these phases must be cor-
related correctly. This can easily be done by observing
the setup and hold times for rising RESET for both

chips (see 80286 data sheet specifications 6 and 7 and
82786 data sheet specifications C6 and C7). The 82284
chip will meet this requirement.

Depending on the CLK speed and the type of DRAM/

'VRAM used, the 82786 may have very stringent CLK

duty cycle requirements (see Section 3.2). It may not be
possible to use the internal oscillator of the 82284 chip
but it may be possible to use an external oscillator to
drive the 82284 external clock (EFI) pin.

Clock skew between the 80286 and the 82786 should be
kept to a minimum so the chips should be.placed as
close together as possible.

When the 82786 bus is free, the circuit in Figure 19
permits CPU slave accesses using 2 wait-states for
writes and 3 wait-states for reads. Using DRAMs/
VRAM with slightly faster access times, the circuit in
Figure 20 permits both read and write slave accesses
using 2 wait-states. The 82284 SRDY input is used in-
stead of ARDY. The 82786 SEN timing is such that a
minimum of 2-wait states are always generated for
writes but a minimum of 2 or 3 wait-states are used for
reads depending on the use of SRDY or ARDY. Notice
that with 2 wait-state reads, the SEN signal must be
qualified with CS so that SEN does not extend into the
cycle following the slave write. The most critical rela-
tionship to be satisfied in order for 2 wait-state writes
is:

Tecac < Tc + Tch — 15 — 45

For a 10 MHz 82786 the DRAM/VRAM column ac-
cess time must be:

Tcac < 50 + 25 — 45 = 30 ns

Note that x 1| DRAMs have two transceiver delays.

7-195



intel AP-270

The critical timing calculations for slave mode are calculated as follows. The actual numbers calculated are for an
80286/82786 system running at 10 MHz.

chip-select-logic path from 80286 address to 82786 CS pin

< 2 X clock period — address valid — setup
< 2 X 286.T1 — 286.T13 — 82786.Tsl
< 2 X 50 ns — 60 ns — 5ns
< 35ns
ready-logic = path from 82786 SEN to 82284 SRDY pin
< clock period — SEN active — ARDY setup
(if ARDY is used < 286.T1 — 82786.S18 — 82284.T13
as in Figure 19) < 50 ns — 25 ns — Ons
< 25ns
ready-logic = path from 82786 SEN to 82284 ARDY pin
< clock period — SEN active — SRDY setup
(if SRDY is used < 286.T1 — 82786.518 — 82284.T11
as in Figure 20) < 50 ns — 25ns — 15ns
: < 10 ns

from SEN active to read data valid
read data valid > 82786.Ts22 + transceiver delay : ‘

from SEN active to write data valid
write data valid > 82786.Ts20

The master mode signals generated by the 82786 are all within the specification range guaranteed by the 80286. In
other words, if the system memory is designed to function with the 80286, it will also be able to function with the
82786. The only signals that may not be within the range of the 80286 specifications are the data bus signals due to
the transceiver delays. Care must be taken to ensure that the memory subsystems that the 82786 is to be able to
access in master mode can meet these more stringent requirements:

data valid to falling clock after Tc phase 2

read data setup > 82786 read data setup + transceiver-delay
> 82786.T8 + data in to data out
> S5ns + Tprop
data valid delay from falling clock after Ts phase 1
write data valid < 82786 write data valid — transceiver delay
< 82786.T14 — data in to data out
< 40 ns — Tprop

The clock skew between the 80286 and the 82786 must be considered in all these calculations.
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4.4 80186 Synchronous Interface

The 82786 supports a synchronous status interface to
the 80186. The 82786 and the 80186 must be driven
with the same external clock (EFI). The Reset inputs to
the 82786 must be generated from the RES for the
80186 by delaying it by one clock (input). This guaran-
tees that the 82786 Clock phase 1 is coincident with
80186 CLKOUT low. A synchronous 80186 interface is
selected if BHE is high and MIO is high prior to falling
82786 RESET.

Generally this configuration will be used with a mini-
mum of 3 wait states for the 82786 slave read and write
accesses. Therefore the WT bit in the 82786 BIU Con-
trol Register should be set. The 82786 slave accesses
will then only be initiated when the 82786 CS is actual-
ly activated.

There is, however, a way to allow this interface to use a
minimum of 2 wait states. (Set WT=0) Rather than
wait for CS to go active the 82786 can be allowed to
request a slave access as soon as the 80186 status lines
go active. If the 82786 is not in the midst of another bus
cycle and the CPU request is the highest priority, the
bus will immediately be granted to the CPU and a bus
cycle started. If the CS then goes active the 82786 can
complete the access within 2 wait-states. If CS does not
go active (because the 80186 is not accessing the 82786
but rather its own memory or I/0) then the 82786 will
abort the bus cycle by running a dummy 82786 bus
cycle.

If there is other RAM or ROM in the system besides
the 82786 Graphics DRAM/VRAM that the 80186 of-
ten accesses, then this 2 wait-state will probably hinder
rather than help performance. Every time the 80186
fetches from its own system memory (such as an op-
code fetch or operand access), and the 82786 bus is idle,
the 82786 will waste time running a dummy cycle. For-
tunately, the busier the 82786 bus is, the less likely it
will be free when the 80186 initiates a bus cycle, and
therefore the less likely the 82786 will waste time run-
ning a dummy cycle.

4.5 Asynchronous Interface

An asynchronous interface can be used to interface the

82786 with nearly any CPU. The CPU clock and the -

82786 clock are independent and may run at different
speeds. If the 80286 is connected asynchronously with
the 82786 and both processors are run at approximately
the same clock frequency, then the minimum possible
wait-states is one more than for the corresponding syn-
chronous mode.

Figure 21 shows a slave-only 10 MHz 82786 interface
to an 8 MHz 80186. At 10 MHz, the 82786 requires
that the address becomes valid S17 =80 ns after RD or
WR falls and remains valid for S16= 130 ns. Because
the 80186 address disappears the same cycle RD and
WR fall, the address must be latched. This latched ad-
dress can be shared by the other components on the
80186 bus.

Due to the indeterminate phase relationship between
the CPU and 82786 clocks, care must be taken to en-
sure the read/write data timings have enough slack.
When the read data is sampled, and when the write
data is removed is determined by the CPU’s ARDY
input. The 82786 SEN signal is used to generate the
ready signal which is responsible to ensure that the data
is indeed available. D-flip-flops can be used to delay the
SEN signal to delay the CPU ready signal. For a 10
MHz 82786:

from SEN active to read data valid
read data valid > 82786.Ts22 + Tprop

from SEN active to write data valid
write data valid > 82786.Ts20

To initially place the 82786 into the asynchronous in-
terface mode, the 82786 BHE pin must be low during
the falling edge of RESET. To ensure this, the 74LS373
latch for BHE is tristated and an open-collector invert-
er pulls down BHE during RESET.

The 80386 processor can be interfaced to the 82786
either synchronously or asynchronously. For a syn-
chronous interface, standard logic can be used around
the 80386 to emulate a 80286 style bus for use with the
interface described in Section 4.3. In this configuration
the 82786 bus would run at half the clock rate of the
80386 (a 16 MHz 80386 would run with an 8 MHz
82786 bus). For an asynchronous interface, the stan-
dard local bus controller logic used by the 80386 to
interface most peripherals can be used (Figure 22).

Although the actual bus transfers of a synchronous bus
are faster than for an asynchronous bus, there are cases
where an asynchronous interface provides the highest
performance. For example, for a given display resolu-
tion, the Display Processor overhead of a 10 MHz
82786 is a lower percentage of the total bus throughput
than for an 8 MHz 82786. If the 82786 is used with a 16
MHz 80386, then an asynchronous 10 MHz 82786
would have more bandwidth for the CPU and Graphics
Processor than a synchronous 8 MHz 82786 and there-
fore CPU accesses, generally, will be completed faster
with the asynchronous interface.
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4.6 Multiple 82786 Interface

For higher performance, it is possible to use several
82786 chips in the same system. Any of the above
CPU/82786 interfaces can be used to attach multiple
82786s to one CPU in the system. Each 82786 will re-
quire its own separate DRAM/VRAM array.

The driving software for these multiple CPUs would
most likely be sending nearly the same commands to all
of the 82786s. Rather than forcing the software to write
commands to each 82786 individually, it is possible to
allow write -commands to go to several or all the
82786s. One method of determining which 82786s
should receive the write command would be to first
write to an I/0 port in which each bit corresponded to
a different 82786. In Figure 23, the port bits set to 0
enable the corresponding 82786 for CPU writes. When
a write to 82786 address-space occurs, all of the select-
ed 82786s are chip-selected. The CPU will then wait for
READY from all the selected 82786s before completing
the bus cycle. In this manner, one, all, or any combina-
tion of 82786s can be written into at once.

Because it is impossible to read from several 82786s at
once, a priority scheme is used on the I/0 port to allow
aread from only one of the selected 82786s. The circuit
in Figure 23 only allows slave-accesses, the 82786s may
not enter master-mode.

If master-mode operation of the multiple 82786s is de-
sired, each 82786 must access the bus separately. A
priority scheme is used to determine which 82786 is
awarded the bus when the CPU issues HLDA. With
only two possible 82786 masters, the random circuitry
to hold one 82786 off the bus while the other is using it
is straight-forward (Figure 24). With more 82786 mas-
ters, it is more feasible to use a state-machine (possibly
implemented in PALs) to perform the arbiting.

5.0 VIDEO INTERFACE

The video interface connects the 82786 to: the video
display. The 82786 is optimized to drive CRT monitors
but may also be used to drive other types of displays.
Because CRTs provide an inexpensive method of gener-
ating moderate and high resolution, monochrome and
color displays, this application note will concentrate on
CRT interfaces. Section 5.10 briefly describes other dis-
play interfaces.

The video interface for a CRT is very dependent on the
CRT requirements and the resolution and depth (bits/
pixel) of the image desired. The 82786 can be pro-
grammed to directly generate all the CRT signals for
up to 8 bits/pixel (256 color) displays at video rates up
to 25 MHz. In addition, external hardware can be add-

ed to allow a color look-up table or to trade-off tﬁe
number of bits/pixel for higher display resolutions, or
to use VRAMs.

Some of the possible display configurations are shown
below. The calculations assume a 60 Hz refresh rate.
High resolution CRTs are often run at a slower rate,
which permits the 82786 to generate significantly high-
er resolutions than those in the following table. All cas-
es assume a CRT horizontal retrace time of 7 us, ex-
cept the 512 X 512 X 8 (10 ps) and 640 X 400 X 8
(13 us) cases.

With Standard DRAMs
Non-

Interlaced interiaced

512 X 512
8 Bits/Pixel (256 colors)| 640400 | 900X675

640< 480 )
4 Bits/Pixel (16 colors) | 870650 | 1290x968
2 Bits/Pixel (4 colors) 1144X860 |1740X 1302
1 Bit/Pixel 11472X1104{2288 X 1716
(monochrome)

Multiple 82786s can be used together to generate even
higher resolutions with more colors. For example, two
82786s allow a non-interlaced 1144 X 860 sixteen color
display. '

With Video DRAMs*
Non-interlaced
8 Bits/Pixel (256 colors) 1024 X 1024
4 Bits/Pixel (16 colors) 2048 X 1024
2 Bits/Pixel (4 colors) 2048 X 2048
1 Bit/Pixel (monochrome) 4096 X 2048

*For 64K by 4 - with 256K by 4 higher resolutions are supported

5.1 Various CRT Interfaces

CRT monitors use a wide variety of interfaces. Some
use TTL-levels on all inputs, others require analog in-
puts. Some use separate color inputs (red, green and
blue) and separate horizontal and vertical sync while
others require that some or all of these signals be com-
bined into composite signals. This application note will
concentrate on the generation of separate color and
horizontal and vertical sync signals. Standard tech-
niques can be used to convert these separate signals into
composite signals to meet the requirements of other dis-
plays.

The video clock (VCLK) required by the 82786 may be

- generated by a simple oscillator with TTL-outputs. Al-

ternatively, the VCLK can be tied to the bus clock
(CLK) (or any other available clock) if they are to run
at the same speed.

7-202



<
—
y

0269

1 >4
rL-D“ ED———
R

TO_SVSTEN. MENORY
AND PERIPHERALS

<-1L

AP-270
%
~
:
H N i
j : _ ;
E
S 5 s
T S - R ) s

Figure 23. This Configuration Allows Several 82786s to be Written by
80286 Simuitaneously—Only Slave Accesses are Supported

7-203




ntdl AP=270

HLDAL

282007-27

5__ 5 H b 5 B:!
H E g B 1B
Ffent & e R L

HOLD

—
1
TR TE
? 74aLS245 <
TRANSCETVER
T————ad
—
]
3
>
|

>
L 5>
)
L o>
N
V|

HH
__{>.._‘
ERS

wh

2 1 mux

CLOCK
GENERATUR
o
15
74nS158

o

\

T
| =H, =

[3%:]
R s8us

a8
LRI

G
o

[
=

-
e Ol
i B
L
: i
[ ~~
SCOMIINE
H H H

"F‘

Figure 24. Two 82786s Connected to 80286, Permits Slave and Master Accesses
7-204




-
Inte[ AP-270
VIDEO
CLOCK
GENERATOR
ek |
HSYNC HSYNC
USYNC USYNC CRT
BLANK sLank INTERFACE
UDATAS INTENSITY
82786 VDATA2 RED
UDATA1 GREEN
UDATAG BLUE
292007-28
Figure 25. 82786 Can Directly Drive TTL-Input CRT Interface
VIDEO
CLOCK
GENERATOR
ucnk'—————l—‘
HSYNC T ox © HSYNC
USYNC D e USYNC CRT
BLANK D Q BLaNk INTERFACE
UDATAS D 745374 Q INTENSITY
82786 UDATA2 DeLip rLoP® RED
UDATAL D Q GREEN
UDATAO D Q BLUE '
292007-29

5.2 CRTs with TTL-level Inputs

The simplest interface is to CRTs that use TTL-level
inputs. The 82786 can generate these signals directly
(Figure 25). However, the drive requirements of the
CRT and cabling may make it necessary to buffer the
signals (Figure 26). The example monitor in both of
these cases happens to use a CRT that uses four-bits of
color information per pixel. This means that 16 differ-
ent colors are available and the CRT can use the 82786
1, 2, and 4 bits/pixel modes but can not take advantage -
of the 8 bit/pixel (256 color) mode. A monochrome
monitor with only one TTL-level input could be con-
nected directly to VDATAO and use the 82786 1 bit/
pixel mode but it then can not take advantage of any of
the higher bit/pixel modes.

Figure 26. Buffer Used to Drive TTL-Input CRT Interface

5.3 CRTs with Analog Inputs

Taking advantage of the 8 bit/pixel mode of the 82786
usually requires using a CRT with analog inputs. Sig-
nals for. color CRTs with three separate analog video
inputs, (red, green, and blue) can be generated using
three digital-to-analog converters (Figure 27). Often
these digital-to-analog converters can be constructed
using simple resistor ladders (Figure 28). With 8 bits/
pixel, usually three bits are used to select red, three for
green and two for blue. This is because our eyes are
much more sensitive to variations of red and green than
of blue. These configurations can take advantage of all
the 82786 modes; 1, 2, 4, and 8 bits/pixel.

The VDATA pins may be assigned to the three colors
in any manner desired. In Figure 29 they are assigned
0 that a variety of colors are available for each mode
(1, 2, 4, and 8 bits/pixel).
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Figure 27. Analog CRT Interface Allows 256 Colors
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Figure 28. Resistor-Ladder Used for D/A
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Figure 29. VDATA Pin Assignments

— The most-significant Green bit.is connected to
VDATADO so that in the one bit/pixel mode this bit
is controlled while the other bits are set to a con-
stant level by the padding register internal to the.
Display Processor. If, for example, the padding bits
are all set to zero, then a green and black image is
shown in one bit/pixel windows.

— With two bits/pixel the most significant Green and
Red bits are controlled while the rest are padded to
a constant value. If, for example, the padding bits
are set to zero then the colors black, green, red, and
yellow are available in two bits/pixel windows.

— Four bit/pixel windows contain two Green bits and
the most significant Red and Blue bits making 16
colors available.

— Eight bit/pixel windows allow control of all eight
bits to make all 256 colors available.

5.4 Using a Color Look-Up Table

Color Look-up Tables, also known as Video Palette
RAMs, allow more colors to be available with a mini-
mal of actual bits/pixel and thus a minimal amount of
display memory is required for the bit-map. For exam-
ple, in a system using 16 bits of color information,
65536 different colors are possible. In such a system it
is rarely necessary to display all 65536 colors on the
screen simultaneously. It may be feasible to support a
maximum of 256 colors simultaneously, providing that
these 256 selections can be any combination of the
65536 available colors. Color look-up tables permit
such a cost-effective system.

A block diagrambf such a system is shown in Figure 30
and Figures 30a and 30b show actual circuits. The col-

or look-up table can be loaded with up to 256 16-bit

colors. In this way an 8-bit/pixel bit-map can be used
to control the 16-bit colors.

The host CPU is responsible for loading the 16-bit col-
ors into the look-up table. To load a color into a specif-
ic location in the look-up table, the 82786 Display
Processor can be programmed to output the 8-bit ad-
dress on the 8 VDATA pins during the horizontal and
vertical Blank times or on RESET by setting the De-
faultVDATA register. Then the CPU can load the col-
or value into the 16-bit latch.

The circuitry in Figure 30 will then automatically write
the 16-bit value into the look-up table during the next
horizontal sync time. The CPU should generate the
74AS373 latch enable input so that the latch can be
mapped into memory or I/O space and loaded by a
CPU write. The register between the 82786 and the’
palette RAM is used to allow the use of a RAM with a
slower access time. This register is not necessary if a
faster RAM is used.

The CPU program should wait until the color is loaded
into- the look-up table before loading the next color.
One way to ensure this is to route the LookupLoading

"signal through a port which the CPU may poll. Sample

assembly language code for this configuration follows
this section. Another way is for the CPU program to
delay a sufficient amount of time to ensure that
HSYNC has occurred before writing the next value.

Hybrid circuits can be used which combine the func-
tions of the look-up table, analog-to-digital conversions,
and voltage shift for composite sync signals into one
package. Figure 30b shows such a configuration. This
particular hybrid circuit internally contains a 16 X 12-
bit look-up table, 4 bits for each red, green, and blue.
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Figure 30. Block Diagram of Color Look-Up Table Used to Generate 16 Video Bits From 8
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Figure 30a. Circuit for Color Look-Up Table Used to Generate 16 Video Bits From 8
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sread port
stest LookupLoading bit

3
lnter AP-270
Wait: in al,StatusPort
test al,LookupLoadingBit
jnz Wait

mov ax,EightBitAddr
mov DefaultVDATA,ax

out LookupLatch,ax

mov ax,SixteenBitColor

swait til last load completed
;get 8-bit value to load

smake 82786 output during BLANK
sget 16-bit color

swrite color into latch

The look-up table is loaded by first writing the location
into the 82786 DefaultVDATA register. Then a 4-bit
color value is loaded into the latch along with color-se-
lect information. Therefore, in one load it is possible to
place this 4-bit color value into any combination of the
red, green, and/or blue tables. '

5.5 Using the Window Status Signals

A graphics system design may require that the video
data bits for different windows be interpreted in differ-
ent ways. For example, the attributes controlled by var-
ious video data bits may need to be changed between
windows for different tasks or number of bits/pixel.
For these reasons, two Window Status bits are available
externally which reflect a value which may be individu-
ally programmed for each window. These two pins al-
ways reflect the window which the display is currently
scanning. The software is responsible for placing the
two bit values. for each window in the Tile Descriptor
list.

In addition, the cursor can be programmed with a value
for the window status bits which can be programmed to
override the status bits from the windows for the por-
tion of the display where the cursor resides.

The Window Status bits are multiplexed onto the
HSYNC and VSYNC pins. Since they are only applica-
ble during the visible display time, and since HSYNC
and VSYNC are only applicable during the non-visible
display time, BLANK can be used to de-multiplex
these pins (Figure 31).

A mode bit (bit 4 of CRTMode) in the Display Proces-
sor enables the Window Status bits so they become
multiplexed onto the HSYNC and VSYNC signals.
This bit must be set when the Window Status signals

are used. In systems where the Window Status bits are
not needed, this bit can be reset so that the HSYNC
and VSYNC pins remain low during the visible display.
This allows simpler systems to use HSYNC and
VSYNC directly eliminating the need to AND these
pins with BLANK.

As an example, suppose the interpretation of the video
data bits by a color look-up table was to be different for
different windows. Possibly four different look-up ta-
bles are required for four different types of 8 bit/pixel
windows. A large look-up table (1024 words) could be
divided into four areas, one for each of the window
interpretations. Then the Window Status bits could be
used to select the area of the look-up table to be used
for each specific window. Essentially four look-up ta-
bles would be available, one for each of four different
types of windows. Figure 32 illustrates such a system.

The system also requires circuitry to load the look-up
table such as that in the previous section. Note that the
look-up table’s Window Status inputs must be generat-
ed directly from the CPU when the RAM is to be load-
ed since they can not be programmed in specific states
during the blank time as the VDATA pins can.

Another use of the Window Status bits is to allow 1, 2,
4, and 8 bit/pixel windows to each use a different look-
up table along with a fifth look-up table for the cursor.
A 1024 word look-up table above could be split up into
four areas as above. Two of the areas can be used for
two separate 8 bit/pixel look-up table and the other two
shared by the 1, 2, and 4 bit/pixel windows for two
separate look-up table for each of 1, 2, and 4 bits/pixel
(Figure 33). The padding bits can be used to sub-divide
this second area into separate tables for 1, 2 and 4 bit/
pixel windows. Finally, this same table could also be
used for twelve look-up tables, four each for 1, 2, and 4
bit/pixel windows.

HSYNC/HS® —__i::::)_______ HSYNC
USYNC/HS1 »__{::::)_______ USYNC
/
BLANK BLANK CRT
% INTERFACE
WINDOW
STATUS

292007-35

Figure 31. Using Blank to De-Multiplex Window Status
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Figure 32. Four Color Look-Up Tables—Selectable by Window Status Outputs
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Figure 33. Window Status and Padding Bits Allow Two Separate Look-Up Tables for
Each of 1, 2, 4, and 8 Bit/Pixels
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Figure 34. External Multiplexer Aliows Up to 50 MHz Video with 4 Bits/Pixel

7-210

N




intel

AP-270

5.6 Higher Resolutions with
Standard DRAMs

The Video Clock rate on the 82786 can be a maximum
of 25 MHz. For a non-interlaced display refreshed 60
times per second this limits the resolution to 512 X 512
or 640 X 400 or equivalent displays. 640 X 480 can
also be achieved using a CRT with fast horizontal re-
trace. Still, some graphics system designs may require
more detailed displays and therefore more resolution. It
may very well be cost-effective to trade-off the number
of bits/pixel for higher resolution. This is especially
true in the case of monochrome displays where 256
grey-shades are not required but high resolution is.

The 82786 allows this trade-off to be made very effec-
tively. Figure 34 shows how a video data rate of up to
50 MHz may be obtained with 4 bits/pixel (16 colors).
The 82786 is used to output 8 bits of video data at a
25 MHz rate. The external multiplexer switches be-
tween the low 4 bits and the high 4 bits at a rate of 50
MHz. The register before the multiplexer is used to
ensure that enough set-up time is provided for the mul-
tiplexer. The register after the multiplexer ensures that
the video data out has smooth transitions. The circuit
uses an inverter and one register stage to divide the 50
MHz clock by 2 to create the 25 MHz video clock for
the 82786. Instead of the 74S157 multiplexer, a
74AS8298 chip could be used which contains the multi-
plexer and the register in the same package.

The software has a minimum number of changes. The
Graphics Processor is programmed identically and ma-
nipulates the bit-maps in the conventional manner (al-
though it does not make sense to use 8 bits/pixel bit-
maps since they cannot be displayed). The display proc-
essor programming is slightly different. The Accelerat-
ed Video control bits (CRTMode bits 1,0) are set for
High Speed video (01). The HSynStp, HFIdStrt,
HfldStp, and LineLen registers are programmed for
half the number of dot clocks (because the 82786
VCLK is half the speed of the pixel dot clock).

The Strip and Tile Descriptors list also change only
slightly. Windows are programmed for same number of
bits/pixel and FetchCount as they would be for non-ac-
celerated modes. However, windows may only be posi-
tioned horizontally to start on even pixel boundaries.
That is, they may only start at every-other pixel, not at
any pixel as permitted with non-accelerated modes.
This is because both an even and odd pixels are output
on the VData pins simultaneously and it is not possible
to mix windows during a-single VCLK. The only valid
values for the start/stop bits are listed in the following
table. Notice that the accelerated modes do not permit
all possible bit-map depths because fewer than 8 bits/
pixel are available to the display.

Vertically, the windows may still be positioned at any
pixel. The programming of the one pixel horizontal and
vertical borders also does not change.

High-Speed ‘video mode also requires that the Field
windows are programmed with half the number of ac-
tual pixels for the pixel count (BPP/Start/Stopbit) reg-
ister which again restricts horizontal positioning to a
two pixel resolution.

The horizontal cursor position is programmed as half
the actual value so the positioning is also restricted to a
two pixel resolution. Vertically, the cursor is pro-
grammed as normal. Since the cursor is only a 1 bit/
pixel region, every other horizontal pixel reflects only
the cursor padding value so although simple cursor pat-
terns are possible, arbitrary shapes are not possible with
the box cursor. For this reason, the programmer may
wish to create the cursor in software when using these
high-resolution modes rather than use the 82786 hard-
ware cursor. The cross-hair style cursor works well in
accelerated mode, although the horizontal and vertical
lines become two pixels wide and horizontal positioning
is also limited to two pixels.

Bit-Map Depth Acceleration
None High-Speed Very-High-Speed Super-High-Speed
(25 MHz2) (50 MH2) (100 MH2) (200 MHz)
1 bit/pixel: any (0-15) even numbers 0,4,8,12 : 0,8
2 bit/pixel: even numbers 0,4,8,12 0,8 —_
4 bit/pixel: 0,4,8,12 0,8 - —_
8 bit/pixel: 0,8 — — —
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It is also possible to use external hardware to create the
cursor. One method is to program the cursor as invisi-
ble (transparent and all background) and use the cur-
sor's window status signals to activate the external
hardware. )

The honzontal zoom capab1hty is also affeqted Rather
than replicating each individual pixel, pairs of pixels
are replicated. Vertical zoom works as normal. .

Figure 35 shows a configuration for video data rates of
up. to 100 MHz with, 2 bits/pixel. A shift-register is
used to multiplex the 8 video bits from the 82786 into
2-bit streams. A 74AS74 flip/flop is used to divide the
100 MHz clock by four. Every fourth clock the 82786
VCLK is raised and the shift registers are loaded with
the previous 82786 VDATA. The video data is delayed
two cycles by this circuit while the synch and blank are
delayed only one. This should not be a problem if the
82786 is programmed to generate the correct sync. The
82786 is limited to positioning the sync transitions at
multiples of four pixels. If more accurate positioning is
required, extra flip/flops can be used to delay sync for
more cycles.

The timing in Figure 35 is very tight and the c;ircuit
may not operate at 100 MHz over all operating temper-
atures. The limiting speed path is the 74F195 shift-reg-

ister parallel-load time (delay from clock to outputs
valid) which must meet the set-up time of the 74A8374

Figure 36 shows a configuration for video data rates of
up to 200 MHz with 1 bit/pixel. Unfortunately, there is
no TTL-logic available today which will run at the
speeds required for 200 MHz. Therefore ECL or some
other high-speed logic must be used to generate video at
these high rates. Figure 36 converts the video data sig-
nals from the 82786 from TTL to ECL levels and then
uses ECL shift-registers to generate the 200 MHz sig-
nal.

The software for the configurations in Figures 35 and
36 requires changes similar to the Figure 34 case. The
window start/stop bits are programmed restricted as
shown in the table above. The pixel count for Field
regions is also one-fourth or one-eighth the actual size.
Horizontal positioning is also restricted to four and
eight pixels for the 100 MHz and 200 MHz rates re-
spectively. The Accelerated Video control blts must
also be programmed for these configurations.

After the video signals are accelerated to these higher
speeds, color look-up tables and analog-to-digital con-
verters may be used. The circuits in the previous sec-
tions must be adapted for these higher speeds.
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K
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Figure 35. External Shift-Register Allows Up to 100 MHz Video with 2 BIts/ Pixel ‘
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Figure 36. External ECL Shift-Register Allows Up to 200 MHz Video with 1 Bit/Pixel
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Figure 37. Two 82786s Can Generate 25 MHz Video with 16 Bits/Pixel
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5.7 Multiple 82786s

"If more colors or resolution are required than possible
with one 82786 at a given resolution, several 82786s can
be used together to generate the necessary bits/pixel.
Figure 37 shows two 82786s used together to generate
16 bits/pixel at a 25 MHz video rate. This configura-
tion would allow a 640 X 480 display with 65536 col-
ors.

Both 82786s’ video must be kept in sync. To allow this,
one 82786 is programmed as normal to generate the
master video horizontal and vertical sync. The second
82786 is programmed for slave video sync with the
Slave CRT control bit in the CRTMode Register (Dis-
play Processor register 5-bit 3 set). The HSYNC and
VSYNC lines of the slave 82786 then become inputs
and are driven by the HSYNC and VSYNC output
lines of the master 82786. If the window status signals
are used, the master’s HSYNC and VSYNC signals
should be qualified with the BLANK signal (similar to
Figure 31) to correctly drive the slave 82786 HSYNC
and VSYNC inputs. Window status signals are only
available from the master 82786 since the slave uses
these pins as inputs.

Both 82786s should have six of their eight video timing
registers (HSynStp, HFIdStrt, HFIdStp, LineLen,
VSynStp, VFIdStp, VFIdStrt, FramLen) programmed

identically; HFIdStrt and HFLdAStp should be pro-

grammed to be 2 greater than the master. (These pa-
rameters are calculated in Section 5.11.)

The slave 82786 will then automatically sync itself up
to the master 82786 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. If a
non-interlaced display is used, the two 82786s will al-
ways be in sync.

If an interlaced display is used, care must be taken to
ensure both 82786s start on the same field. The easiest
way to ensure they lock in sync correctly is to ensure
they start scanning the display simultaneously. First set
up the slave 82786 CRTMode and video timing regis-
ters with a LD__ ALL command. The slave 82786 will
then be ready to bégin scanning the display but will
wait until HSYNC and VSYNC fall. HSYNC and
VSYNC will be floating high because they are tristated
by all the 82786s. Then the master 82786 can be set up
with a LD__ALL command to program its CRTMode
and video timing registers. Once the master starts scan-
ning, the HSYNC and VSYNC signals will be driven
by the master and all 82786s will begin on the even
interlaced field.

-

To create a. 16 bit/pixel bit-map, both 82786 Graphics
Processors should be programmed for 8-bit/pixel bit-
maps of identical size. To draw in both bit-maps, a
graphics command block (GCMB) can be created for
both 82786s. These GCMBs are generally identical for
both 82786s except for the color values for the Def__

- Color and the mask value for the Def__Logical _Op

commands. To display 16 bit/pixel bit-maps, both
82786s should be given an identical strip descriptor list
for each to display 8 bits of each 16 bit pixel.

Similarly, 8-bit/pixel bit-maps could be created by
splitting the bit-maps between both 82786s having each
82786 responsible for 4 of the 8 bits/pixel. This would
split the work between the two 82786s so that the
BitBIt and Scan__Line fill graphic commands will exe-
cute twice as fast. Also, because the Display Processor
bus overhead is split between the 82786s, there will be
less bus contention so all other drawing commands will
be faster.

‘Alternatively, 8-bit/pixel bit-maps could be generated

by only one of the 82786s. This would minimize the
overhead between the host CPU and the 82786 since

' the CPU must communicate with only one 82786.

The method in which the 16 video data bits are mapped
into colors for the display interface will determine
which of the two above methods will be used for bit-
maps of 8 bits/pixel or less. If the mapping is flexible
enough, it may be feasible to create any bit-map depth.
For example, 9 bits/pixel bit-maps could potentially be
created using one 82786 for 8 bits and the other for
only 1 bit of each pixel.

The displays discussed in the previous section obtained
high resolutions at the expense of bits/pixel. Several
82786s can be combined to provide more bits/pixel at
these high resolutions.

Figure 38 shows a configuration that uses two 827865
to create a 4-bit/pixel display at a video rate of
100 MHz. This configuration would support a 1144 X
860 sixteen-color non-interlaced 60 Hz display. Each

82786 is required to generate 2 bits of each 4-bit/pixel.
Therefore, both 82786s draw and maintain half of the
bit-map in their own graphics memory, 4-bit/pixel win-,
dows are divided into two 2-bit/pixel bit-maps, one
generated by each 82786. The Graphics Processors are
programmed as normal for 2-bit/pixel bit-maps. The
Display Processors are programmed the way men-
tioned in the previous section. Each window is pro-
grammed with one-fourth the horizontal positioning
resolution. .
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5.8 Video RAM Interfaqe

The 82786 can use dual-port videa DRAMs (VRAMs)
to generate the video data stream. The VR bit in the
BIU Control Register must be set to 1 to enable the
mode. In this mode the first tile in each strip generates
VRAM cycles; subsequent tiles in the strip generate
DRAM cycles. There.is no limit on the number of
strips. The pixel data for every scan line in the entire
display must be contained in a single row in memory
(256 words for non-interleaved memory'and 512 words
for interleaved memories). The strip descriptors for
each tile are set up to indicate only 1 pixel. The address
specified for this pixel corresponds to the first display
pixel.

During the horizental retrace period, the 82786 trans-
fers the contents of the memory row containing the first
pixel into the VRAM shift register. The VRAM shift
clock is gated with a BLANK signal. During the active
display time, the shift clock is active and periodically
clocks out the video data. External multiplexers must
be used to convert the 16 bit (32 interleaved) data
stream into a serial stream depending upon the bits per
pixel needed (Figure 9).

In this mode, pixel depth is fixed by external hardware
and all Display Processor registers referring to video
data fetch should be programmed to zero.
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- Figure 38. Two 82786s Canﬁenerate 100 MHz Video with 4 Bits/Pixel
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5.9 External Character ROM

Few 82786 applications will require, or- even beneﬁt
from, the use of an external character ROM.

The 82786, Graphlcs Processor can very rapidly draw
characters. It can fill an 80x25 character screen with
highly detailed 16x16 characters in less than one tenth
of a second.

The Graphics Processor is also very ﬂeijle in the way
it draws characters. Characters may be:

— formed from an unlimited number of character
fonts

— placed at any pixel on the screen

— rotated in 4 directions with 4 paths

— combined with graphics

— drawn in any color

— have transparent or opaque background

A character ROM display forces characters from a pre-
defined font to be restricted to character-cell positions
on the screen with few, if any, of the above flexibilities.

i

For downward compatibility reasons, however; it may
be necessary to provide the character ROM function in

‘a 82786 system. Figure 39 illustrates a system capable

of displaying both character. ROM text and 82786
graphics. A multiplexer is used to switch between the

"character ROM output and the direct 82786 output.

One of the window status bits is used to switch the
multiplexer so both the character ROM and the 82786
graphics windows can be shown simultaneously on the
same screen.. It is important to delay the direct 82786
VDATA and window status signal 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 are used to perform the
needed delay.

The character ROM in Figure 39 is capable of display-
ing 256 characters using a 9x14 pixel character-cell.
The characters are stored as an 8-bit pixels within a
82786 bit-map. To display the character, the window is
programmed as an 8-bit/pixel bit-map with a horizon-
tal zoom of 9 and a vertical zoom of 14. The 82786 will
then place the 8-bit character code on its VDATA pins

25 MHz
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Figure 39. Support of Character-ROM and Bit-Mapped Graphics on Same Screen
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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:

HSYNC/
VSYNC Blank Application
Output | Output | Normal display generated by

82786

Input Output | 82786 generated display
superimposed on externally-
| generated video
Input nput | 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__ALL 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.

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 turn 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 VDATA 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
8 bits

= 1.05 Megabytes

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 prmted using the same memory
Now the memory required is only:

300 X 300 X 8.5

% bits 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 Accel (following pages).

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

Vfreq—vertical 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 mterlacmg 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

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 depeﬂdent on the specif-
ic requirements of the display monitor used.

Hblank—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 us.

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 us.

NON-INTERLACING ey INTERLACING
————— ACTIVE SCAN LINE
............ INVISIBLE RETRACE PATH ‘
292007-45
Figure 41. Non-Interlacing and Interlacing Displays
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Figure 42. Horizontal Sync and Blank Timing Parameters
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Hfreq—horizontal frequency — the frequency at which Video Max |Pro
. . N . grammed

horizontal lines are scanned. Monitors typically range
from 1536 kHz. Mode DotClk | Accel Bits

: Accel = 1|Normal 25 MHz 00
Vfreq—vertical frequency — the frequency at which _ :
the display field is scanned. Monitors typically range Accel = 2| High Speed 50 MHz o1
from 40-70 Hz. Accel = 4| Very High Speed | 100 MHz 10

. L ) e Accel = 8| Ultra High Speed | 200 MHz 11
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, or8.

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, HF1dStrt, HF1dStp, 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 O to 4095. Their values
should also fit the formula:

HSynStp < HFIdStrt < HFIdStp < LineLen

VSynStp, VF1dStrt, VF1dStp, 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 O to 4095. Their values
should also fit the formula: '

VSynStp < VFIdStrt < VFIdStp < 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
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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

Vireq% = 60 Hz

Hblank% = 12 pus

Vblank% = 1300 us

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, VresFld 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.

Hireq% = 1 - VresFid
9% = Hperiod% _ (1/Vireq%) — Vblank%
400 = 26.03 kHz

~ (1760) — 1300 ps

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

! Hres
% = -
DotClk% DotPerlod%  (1/Hireq%) — Hblank%
640 B
= (172603 kHz) — 12 s 2423 MHz

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% / Accel = 24.23 MHz / 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 = VCIk X Accel = 25.00 MHz X 1 = 25.00 MHz

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

HblankClks = ROUND (VCLK X Hblank%) = ROUND
(25 MHz X 12 ps) = 300

Now we-calculate the actual horizontal blank time.

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

1
(Hres / DotClk) + Hblank

Hfreq =

1
(640 / 25 MHz) + 12 us

= 26.60 kHz
The number of horizontal lines per field can now be
calculated:

VFieldLines = ROUND(Hfreq / Vfreq%)
= ROUND(26.60 kHz / 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 / VFieldLines = 26.60 kHz / 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 us
HBack = 6 us

VSync = 300 us
VBack = 800 us

HSyncClks = ROUND (VCLK x HSYNC)

= ROUND (25 MHz x 2 ps) = 50
HBackClks = ROUND (VCLK X HBack)

= ROUND (25 MHz x 6 us) = 150

V8yncClks = ROUND (Hfreqx VSYNC)

= ROUND (26.6 kHz X 300 ps) = 8
VBackClks = ROUND (Hfreq X VBack)

= ROUND (26.6 kHz X 800 ps) = 21

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

HSynStp = HSyncClks — 3

50 — 3 = 47

HFIdStrt = HSynStp + HBackClks
= 47 + 150 = 197

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

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

For non-interlaced displays:

VSynStp = VSyncLines — 1

: =8-1=7
VFIdStrt = VSyncStp + VBackLines
=7+21=28

VFIdStp = VFIdStrt + Vres
= 28 +:400 = 428
FramLen = VFieldLines ~ 1
= 443 — 1 = 442

For interlaced displays:

VSynStp = (VSyncLines — 1) X 2
VFldStrt = VSynStp + (VBackLines X 2)
VFIdStp = VFieldsLines — 2

Make sure LineLen > HFIdStp 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
: N 7 6 5. 4 3 2

1

| reserveo | e fw]s|s

g
NS

INTERLACE

0 o

1~ RESERVED
0 INTERLACE
1

—- a0

BLANK SLAVE MODE (1 = EXTERNAL BLANK)
HSYNC, VSYNC SLAVE MODE (1 =EXTERNAL SYNC)
WINDOW STATUS PINS (1 =ENABLE)

NON=INTERLACED

INTERLACE=SYNC (SYNC ONLY)

ACCELERATED VIDEO BITS

0 O NORMAL SPEED .(UP TO 25MHz)
0 .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)

(SYNC AND VIDEO)
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__REG commands. This ensures that the
video sync signals are never invalid while registers are
being loaded. Ce

Some CRTSs 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
Viqeo 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/pixel (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.
82786 . VIDEO

The User can' éasily modify the,‘v‘DESIRED”:valueé
until the “ACTUAL” values meet. the application’s

" needs. Care should be taken to etisiite 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.

PARAMETERS

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

82786 DP REGISTER VALUES

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) 3 =-—= 30.487
Horiz Sync Width (ms) s 2 2
Horiz Back Porch (ms) s, . 4 - 4
Horiz Front Porch (ms): : 21 1
Vert. Frame Rate (Hz) 3 60 59.956
Vert. Sync Width (ms) ¢ 200 196.8
Vert. Back Porch (ms) s . 400 393.8
Vert. Front Porch (mus): -—— 213.2

The template follows. This template should be easily
adaptable to nearly any spreadsheet program. This par-
ticular spreadsheet program uses @ROUND(X,0) 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+0.5) for @ROUND(X,0)

‘LineLen:

818,
HSynStp: ... 48 .
HF1dStrt: ..148
HF1dStp: .. 793,
FramLen: 1015
VSynStp: 10
. VFldStrt: 34
VF1dStp: 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.
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1l: 82786 VIDEO PARAMETERS

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

33

43 PARAMETER DESIRED ACTUAL 82786 DP REGISTER VALUES

5 @ emeemmcmaeee csesces cccoee

6: Video Clock VCLK (MHz): +B6

7: Acceleration (1,2,4 or 8): +B7

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

9: Horiz Resolution (Pixels): @ROUND (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)+E1l5

13: Horiz Sync Width (ps): (E13+2) /C6 HSynStp: @ROUND(C6*B13,0)—3

14: Horiz Back Porch (ps): (E14-E13) /C6 HF14Strt: @ROUND(C6*B14,0)+E13

15: Horiz Front Porch (mus): (E12-E15) /C6 HF14Stp: +E14+(C9/C7)

16:

17: Vert. Frame Rate (Hz) 3 (C8*C12*1000) / (E17+C8) FramLen: @ROUND((C12*1000)/B17-(C8-1)/2,0)*C8-1
18: Vert. Sync Width (ps) 2 ((E1L8+C8)*1000) /(C12*C8) VSynStp: (@ROUND((C12*B18)/1000,0)-1)*C8
19: Vert. Back Porch (ps): ((E19-E18)*1000) / (C12*C8) VF1ldStrt: @ROUND( (C12*B19)/1000,0)*C8+E18
20: Vert. Front Porch (ms): — (E17-E20) *1000/ (C12*C8) VFl1dStp: +E19+C1l0

P
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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

Memory827868 segment at 0COOOh

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 82788 memory

;define locations of 82786 internal registers

org 0
Internalrelocation dw ?
Reserved aw 4
BIUControl - dw ?
RefreshControl dw ?
DRAMControl dw - ?
DisplayPriority dw ?
GraphicsPriority dw ?
ExternalPriority dw ?
org 20h
GPOpcode dw ?
GPLinkAddressLower dw ?
GPLinkAddressUpper dw - ?
GPStatus dw ?
GPInstructionPtrLower dw ?
GPInstructionPtrUpper dw ?
org 40h
DPOpcode . dw 4
DPParameterl dw ?
DPParameter?2 daw ?
DPParameter3 dw ?
DPStatus dw ?
?

De faultVDAT_A dw

sBIU registers

sGraphics Processor registers

sDisplay Processor registers
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slocation of values for Display Progessor LD_ALL instruction

cause interrupt every frame (interrupt is masked)

non-interlaced, non-abcelerated, master sync&blank

8 video timing registers
are programmed for

640 x 400 at 60 Hz

with 25 MHz VCLK

-, org 80h .

DPLdAllRegs label word
dw 3 sVStat: turn on display and cursor
dw OFFh “sIntMask: mask all interrupts.
dw « 24 sIripPt: . trip point = 24 FIFO dwords
dw 0 sFrint:
dw 0 H : reserved
dw 0 sCRTMode :
dw 47 ;HSynStp: horizontal sync stop H
daw 197 sHF1dStrt: horizontal field start
dw 837 - sHF1dStp: horizontal field stop :
dw 937 . ;LineLen: horizontal line length :

. dw 7 ;VSynStp: vertical sync stop 3
aw 28 ;sVF1dStrt: vertical field start :
dw 428 ;sVF1dStp: vertical field stop H
dw 442 sFramLen: vertical frame length :
dw offset WinDescl ;DescAddrL:descriptor address pointer lower

dw 0

dw 0 s (Reserved)
ab 0 sZoomY :

db 0 sZoomX:

dw 0 sFldColor:
dw OFFh sBdrColor:
dw 0 ;PadlBPP:
aw 0 ;sPad2BPP:
dw 0 ;Pad4BPP:
dab 2

db 80h

dw 510 sCsrPosX:
dw 220 sCsrPosY:
dw 0000000110000000b
daw 0000001111000000b
dw 0000011111100000b
dw 0000111111110000b
dw 0001111111111000b
dw 0011111111111100b
dw 0111111111111110b
dw 1111111111111111b
dw 0000011111100000b
dw 0000011111100000b
dw 0000011111100000b
dw 0000011111100000b
dw 0000011111100000b
aw 0000011111100000b
dw 0000011111100000b
dw 0000011111100000b

no vertical zoom

no horizontal zoom
black field color
white border color
pad with zeros for
pad with zeros for
pad with zeros for

sDescAddrU:descriptor address pointer upper

1 bit/pixel

2 bits/pixel

4 bits/pixel

sCursorPad:pad with red for cursor (yellow cursor in red box)
;CsrStyle: opaque 16x18 block cursor, no window status

put cursor in middle of screen (horizontally)
put cursor in middle of screen (vertically)

sCsrPat0:
sCsrPatl:
sCsrPat2:
sCsrPat3:
sCsrPat4:
sCsrPat5:
;sCsrPat6:
sCsrPat7:
sCsrPat8:
sCsrPat9:
sCsrPatA:
sCsrPatB:
sCsrPatC:
sCsrPatD:
sCsrPatE:
sCsrPatF:

slocation of strip descriptor list

WinDescL label word

sheader

dw 399
dw 0
dw 0
dw 0

;strip descriptor list
of strip descriptor

create arrow-shaped cursor pattern

slines in strip (400 covers entire screen)
slower link to next strip descr (there is none)
supper link to next strip descr (there is none)
snumber of tiles in strip (only one)
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;first (and only) tile descriptor

dw 0 sbit-map width (not applicable, this is field)
dw 0 smemory start lower addr (not applicable)

dw 0 smemory start upper addr (not applicable)

dw 839 ;field width (840 covers entire screen)

dw 0 sfetch count (not applicable, this is field)

aw 00001h ;set field bit,use top,bottom,left,right borders

Memory82786 ends

Initialize82786 segment scode to initialize 82786
mov ax,seg BIUControl
mov ds,ax sput 82786 register segment in ds

assume c¢s:Initialize82786, ds:Memory82786

mov byte ptr BIUControl, 30h sconvert 82786 to 16-bit bus...
mov byte ptr BIUControl+l, O s...must use two 8=bit transfers
mov InternalRelocation, Olh slocate reg's at 82786 mem addr Oh
mov DRAMControl, 1Dh 31 row, interleaved 51C256 DRAM
mov RefreshControl, 18 srequest refresh every 15.2 uS
mov DisplayPriority, 110110b ;set Display FPL, SPL = 6

mov GraphicsPriority, 010010b sset Graphics FPL, SPL = 2

mov ExternalPriority, 100000b ;set External FPL =4

mov DPParameterl, offset DPLdAilRegs saddress for LD_All command
mov DPParameter2, OCH

mov- - DPOpcode, 5 ! ;let DP perform LD_All command
ret : send of initialization subrtn

Initialize82786 ends

If the constants in the CPU-mapped 82786 memory for Def__Bit__Map for all drawing and BitBlt com-
the LD—ALL command and the strip descriptor list mands

(in Memory82786 segment) cannot be loaded into : £ : d BitBl _
82786 memory by the system’s program loader, they Def_Logical _Op for all drawing and BitBit com

d
will have to be loaded by the initialization code. One fna'n y X
method is to have the loader load them into CPU sys- Def__Colors if line/character drawing used
tem memory and use a repeat-move-string command in Def__Texture if line drawing used

the initialization code to move these constants into the Def _Char__ Set if character drawing used
82786 graphics memory. Alternatively, it is possible to o - . ) ]

place these constants in the 82786-mapped CPU memo- Def__Char__Orient if character drawing used
ry and allow the 82786 to fetch them using master- Def__Char__Space if character drawing used
mode. This method, however, is not as efficient because Load__Reg

initialize stack pointer if macros
the 82786 must re-fetch the strip descriptor list for ev- Itiatize stack pormter It mac

display frame. used
ery cispiay ) Load__Reg set poll-on-exception mask if used
The Graphics Processor is not used in this initialization Load__Reg set interrupt mask if interrupts
code. To fully initialize the Graphics Processor, the fol- used

lowing commands are required:
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PREFACE

82786 FEATURES AND
PERFORMANCE

The 82786 is a powerful, yet flexible component which
will be a candidate as a standard for microcomputer
graphics applications including personal computers, en-
gineering workstations, terminals, and laser printers.
Its advanced software interface contrasts sharply with
existing products by making applications and systems
level programming efficient and straight-forward. Its
performance and high-integration make it a cost-
effective component while improving the performance
of nearly any design.

The following list is a summary of the 82786’s capabili-
ties (assuming 10 MHz system clock and 25 MHz video
clock):

Windows: Practically unlimited support

Colors: Up to 1024 displayable simutane-
ously with support for 4 external

color palettes

Lines, Polylines, 2.5 Million pixels per second

Polygons:

Circles, Arcs: 2.0 Million pixels per second

Fills: Supported via horizontal line
command (30 Million bits per sec-
ond)

Bit Block Transfer: 24 Million bits per second

Bit-map Memory: Up to 4 MBytes of directly ac-
cessed DRAM
Resolution: Up to 200 MHz monitors support-

ed; this is equivalent to configura-
tions such as 640 x 480 x 8 or
1024 x 1024 x 2 @ 60 Hz (non-in-

terlaced); up to 4096 x 4096 x 1 or
2048 x 1536 x 8 with video
DRAMs.

1 to 64 times vertical and horizon-
tal

Character Drawing: 25 thousand per second with col-
ors, path, and rotation attributes

Zoom:

Character Fonts:  Unlimited number from bit-map
or system memory

Character Size: 16 x 16 maximum hardward size;
unlimited with bit-block transfer

Scroll, Pan: Instantaneous in any direction

with no external logic

The performance of the 82786 is of little value without
applications and system-level software to use it. Cus-
tomers can either write their own software or use the
appropriate third-party vendors’ packages.

The 82786 was designed to permit compatibility with
de facto hardware standards. Use of the 82786 with
appropriate Intel microprocessors permits the design of
systems which can emulate the family of IBMT™ per-
sonal computer products. The 82786’s support of the
IBM Color Graphics Adapter-compatible bit-map eases
the task of running existing applications software on
new video hardware.

For details please refer to the 82786 Data Sheet, the
User Manual and Application Notes.

For all questions, clarifications, or requests for addi-
tional documentation please contact your local Intel
sales office or authorized distributor.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW,

This document provides the reader with an introduc-
tion to the architecture and key features of the Intel
82786 Graphics Coprocessor from Intel. The 82786
serves such applications as graphics terminals and work
stations, personal computers, printers, and other prod-
ucts requiring the capability to create, store, and output
bit-map graphics.

The 82786 works with all Intel microprocessors, and is
a high-performance replacement for sub-systems and
boards which have traditionally used discrete compo-
nents and/or software for graphics functions. The
82786 requires minimal support circuitry for most sys-
tem configurations, and thus reduces the cost and
board space requirements of many applications. The
82786 is based on Intel’s advanced CHMOS process.

The advanced performance and ease-of-use of the
82786 make it a candidate for an industry standard for
applications in microcomputer graphics markets. Some
of the leading features of the 82786 are:

® Fast polygon and line drawing
® Hardware windows
® High speed character drawing

® Interface designed for device independent software
standards

— Virtual Device Interface
— Graphics Kernal System
— NAPLPS

® Advanced DRAM/VRAM controller for graphics
memory up to 4 Mbytes

® Fast bit-block copies between system and bit-map
memories

® Supports up to 200 MHz CRTs

® Up to 1024 simultaneous colors per frame
® Programmable video timing

® High Integraﬁon

® Third-party software support

® 88 pin leaded chip carrier and pin grid array

® Provides support for rapid filling with patterns

® IBM Personal Computer Color Graphics Adapter-
compatible bit-map

® International character support

® Advanced CHMOS technology

® Integral dual port vidleo DRAM/VRAM support

1.2 ARCHITECTURAL MODEL

The 82786 architecture fits with traditional computer
graphics models. A typical subdivision of the tasks is:

® Graphics task partitioned into:
Drawing (line, polygons, characters, block image
copies)
Windowing (concurrent windows on the screen)
Refresh (CRT timing, video data output)

® Typical integrated solutions to these functions have
been:

First generation IC: 6845, 8275 - refresh
Second generation LSI: 82720 - drawing + refresh

Third generation VLSI: 82786 - drawing + window-
ing + refresh

The 82786 is a coprocessor with two separate on-chip
processing units, the Graphics Processor and Display
Processor, which operate concurrently with the system
CPU. Commands to the display and graphics proces-
sors are placed in memory by the CPU. Registers on
the 82786 are dedicated to pointing to the starting ad-
dresses of the first memory blocks of commands con-
trolling the on-chip processors, and each memory block
points to subsequent blocks in a linked-list architecture.
Access by the CPU to these registers may be 1/0- or
memory-mapped, and portions of memory may be
shared between the 82786 and the CPU.
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1.3 BIT MAPS AND WINDOWS

The 82786 concepts of “bit maps” and “windows”, are
based upon definitions from the ANSI work on win-
dows.

The 82786 can create and maintain multiple sets of
graphics images in memory. These sets of images in
memory are called “bit maps”. 82786 can combine sub-
sets of these bit-maps into a viewable, multi-region dis-
play screen. Each of these separate areas on the screen
is called a “window”. .

Most graphics systems today use software to generate a
bit-map representation of the full contents of the dis-
play called a “frame buffer”. The 82786 uses a high-
level strip descriptor list and specialized hardware to
generate the screen contents using portions from sepa-
rate bit maps of memory (Figure 1-1). This permits the
display to be instantaneously altered, eliminating the
time required to update a similar frame buffer image
using software alone.

MEMORY
BIT MAP 1

il

BIT MAP 2

- WKL
MNOP
QRST
uvwx
YZ

BIT MAP 3 )

WINDOWS

DISPLAY

122711-1-

Figure 1-1. Bit Maps and Windows
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14 FUNCTIONAL OVERVIEW

The 82786 perférms many functions within a single integrated circuit. Figure 1-2 identifies a block dlagram of the
component and explanatlons of each function module

- r ar = A | Vioeo mrerracE
cPu |y cmapmcs |, DISPLAY VIDEO INTERFACE
PROCESSOR PROCESSOR ~ ‘

" SrAvAAM |1
L_ oo _ | CoNtRoUER |

SYSTEM GRAPHICS
MEMORY MEMORY
INTERFACE

- r
SYSTEM BUS INTERFACE > 1 BUS INTERFACE

GRAPHICS DRAM/VRAM MEMORY

122711-2
Figure 1-2. 82786 Block Diagram

The major functions of each block are:
® Graphics Processor (GP): — draws lines, circles, polygons, and other primitives

— draws characters

— executes block image

manipulation instructions

® Display Processor (DP): — manages windows including zoom

— provides cursor

— refreshes screen (up-to 200 MHz dot rate)

— loads shift register of VRAMs
¢ DRAM/VRAM — controls up to 4 Mb);tw of interleaved graphics memory including page-, static

Controller: column-, and fast page-mode DRAMs (interleaved or non-interleaved banks)

® BIU: — allows the CPU to access the graphics memory and the 82786 to access the system

memory
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.CHAPTER 2
GRAPHICS PROCESSOR

2.1 OVERVIEW

The Graphics Processor creates and updates all of the
graphics and text in each of the bit maps within graph-
ics memory. It is responsible for all of the geometric
drawing, character drawing and image movement with-
in and between the bit maps. Some features of the
Graphics Processor are:

® permits bit maps to begin at.any even word in sys-
tem or graphics memory; only one bit map is active
for GP drawing at one time although many bit maps
may reside in memory simultaneously.

® permits bit maps to be any size (up to 32K x 32K
pixels) and use 2, 4, 16, or 256 colors (i.e. 1, 2, 4, or
8 bits per pixel);

® draws geometric shapes with attributes such as tex-
ture and color, into bit maps;

® draws characters with attributes such as color, path,
rotation, and proportional spacing using user-
defined fonts into bit maps;

® ‘combines one rectangular portion of an image with
‘another area, within the same bit map or into anoth-
er bit map. (Bit Block Transfer or BitBIt);

® all drawing allows logical operations between source
and- destination (for example Exclusive-Or of the
' Complement of Source with Destination);

® all drawing can be clipped to a rectangular region;

® supports picking, a mechanism for advanced user
interfaces which allows the issuing commands via
the selection of “graphic menus” (called icons) by
manipulating pointing devices.

The Graphics Processor fetches its commands directly
from a linked list memory-resident Graphic Command
Block (GCMB), which is created and updated by the
CPU. The initial address of the GCMB is contained in
the Graphics Processor Instruction Pointer Register in
the 82786 and the addresses of subsequent commands
are pointed to by the contents of previous commands.
Each command contains a bit which indicates to the
Graphics Processor that it should stop (if set) and await
new commands. More detail on the command format is
given in section 2.8 “Graphics Processor Comrhand
List Format.”

2.2 BIT MAPS

All graphics and text creation is written into bit maps.
Bit maps are rectangular drawing areas composed of
bits of pixel-oriented memory. The bit maps may be up

to 32,000 pixels in each direction and contain from one
to eight bits of color or gray scale information. Bit
maps may be started on any even address in the
4 Mbyte space and the number of bit maps in memory
is unlimited (except by the amount of memory avail-
able). The variable bits per pixel feature permits the use
of several bits per pixel for multicolor graphics while
using only a single bit per pixel for efficient text memo-
ry.

2.3 GRAPHICS PROCESSOR
COMMANDS

Graphics Processor commands are divided into five
classes:

1. Non-Drawing Commands

2. Drawing Control Commands

3. Geometric Commands

4. Bit Block Transfer (BitBlt) Commands

5. Character Block Transfer (CharBlt) Commands

2.3.1 Non-Drawing Commands

The first class of commands are used to control the
method in which the commands are fetched. Also in-
cluded in this list are commands to load and dump
82786 internal registers. These commands are:

® NOP - No Operation

e LINK - Link To Next Command (Unconditional
Jump)

¢ ENTER__MACRO - Enter Macro (Subroutine
Call)

EXIT__MACRO - Exit Macro (Subroutine Return)
INTR__GEN - Generate Interrupt

DUMP__REG - Dump Internal Register
LOAD__REG - Load Internal Register

2.3.2 Drawing Control Commands

The Graphics Processor works in only one bit map and
with one set of attributes at a time. The Graphics Proc-
essor maintains an imaginary cursor, GCPP (Graphics
Current Position Pointer), which points to a particular
position (x, y coordinates) within the bit map from
which all relative coordinates are calculated. The
GCPP is updated at the end of each drawing command.
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The following commands are used to define the current
bit map and attributes and set the Graphics Current
Position Pointer:

e DEF__BIT__MAP - Define Bit Map

e DEF__CLIP__RECT - Define Clip Rectangle (see
2.4)

e DEF__COLORS - Define Colors
e DEF__TEXTURE - Dleﬁne‘Texture

o DEF_ LOGICAL_ OP - Define Logical Operation
(see 2.6)

o DEF__CHAR__SET - Define Character Set

e DEF__CHAR__ORIENT - Define Character Ori-
entation

e DEF__CHAR__SPACE - Define Inter Character
Spacing

ABS_MOYV - Absolute Move GCPP
REL__MOYV - Relative Move GCPP
ENTER__PICK - Enter Pick Mode
EXIT__PICK - Exit Pick Mode

2.3.3 Geometric Commands

These commands allow the 82786 to draw points, lines,
and arcs in a variety of ways:

POINT - Draw Point

INCR__POINT - Draw Incremental Points
CIRCLE - Draw Circle

LINE - Draw Line

RECT - Draw Rectangle

POLYLINE - Draw Polyline

POLYGON - Draw Polygon

ARC - Draw Arc

SCAN__LINES - Draw Series of Horizontal Lines

2.3.4 Bit Block Transfer (BitBIt)
Commands

These commands allow rectangular image pieces to be
combined from piece of bit-map memory to another.
The Graphics Processor automatically inserts the new
data in the correct order in the destination so that each
line of pixels remains consecutive for both existing and
new data.

e BIT__BLT - Bit Block Transfer within bit map

e BIT_BLT__M - Bit Block Transfer between bit
maps

Each command specifies the origin of the source rec-

tangle as well as the height and width. The destination
origin is the GCPP coordinates. For BitBlts between bit
maps, the destination is the active bit map and the

memory address of the source origin and source bit
map size is specified. BitBlts between bit maps can only
use bit maps. with the same number of bits per pixel.

2.3.5 Character Command

This command allows character fonts stored in memo-
ry in pixel form to be drawn into the bit map by an
application using character:codes such as ASCII:

¢ CHAR - Draw Character String

The CHAR command defines transparency/opaque-
ness for a character string, the pointer for the character
string, and the number of character in the string. The
pixel contents of the character to be drawn may be
located anywhere in the memory space of the 82786
and accessed with either an 8- or 16-bit reference to the
specific character. The string range specifies the 8- or
16-bit references for each character to be drawn. Sec-
tion 2.7 discusses the use of character fonts.

Standard character fonts can be drawn flexibly because
path and rotation are defined with a DEF__CHAR__
ORIENT command and inter-character spacing is de-
fined with a DEF__CHAR__SPACE command. This
permits the variable spacing of text, direction of text,
and rotation of characters to be specified by the appli-
cation without altering the font. Simple one-bit per pix-
el character font definitions can be used in color appli-
cations because foreground and background colors are
specified by the DEF__COLOR command and tlie nec-
essary bits are written for each pixel during the drawing
process. .

2.4 DRAWING ATTRIBUTES

A drawing operation refers to the act of modifying pix-
els within a bit map ‘during the execution of the GP
commands. All drawing that the GP performs (includ-
ing lines, arcs, characters and BitBlts) is subject (with
exceptions noted) to six attributes which should be de-
fined before any drawing commands are executed. The
attributes are:

1. Pixel Plane Mask;

2. Logical Operation;

3. Clipping Rectangle;

4. Foreground and Background color (not applicable to
BitBlt);

5. Transparent or Opaque mode (not applicable to Bit-
BIt); '

6. Pattern mask of 16 bits (not applicable to BitBIt or
_ characters).

The pixel plane mask is helpful in restricting the graph-
ics primitives to update a subset of the bits per pixel.
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This permits one set of drawings to exist in one or more
colors and allow other text or graphics information to
reside in different color bits of the same bit map. Raster
operations can be used to combine existing pixel infor-
mation in the bit map with the new pixel information
generated as a result of the new drawing operation,
such as displaying only the overlapping regions of two
shapes. The clipping rectangle limits the effects of
drawing operations to a subset of the bit map.

Foreground and background colors set the two colors
drawn by all drawing operations (if both: are needed).
The transparent mode draws only the foreground color
into the bit map (for dotted lines or characters) and
leaves the pixels between the dots or characters un-
changed. The opaque mode draws the foreground color
and fills in the background color between the dots or
characters. The pattern defined in the mask cause a
logical operation with drawing commands and permit
dotted and dashed lines, arcs, and other shapes. DEF__
PATTERN sets transparent/ opaque for drawing oper-
ations other than character, which is defined in CHAR.

2.5 CLIPPING

The clipping rectangle is used to prevent drawing out-
side a specified rectangular region. The clipping rectan-
gle can be any rectangle within a bit map or the entire
bit map. Pixels are not drawn beyond the limits of the
clipping rectangle and characters which would be par-
tially clipped are not drawn at all.

In “pick mode,” the clipping rectangle is used to per-
form a different function. The clipping rectangle may
be controlled by software to support the selection of
objects on the display with a pointing device. When in
pick mode the drawing commands are executed but
pixels are not updated in memory. Instead, a flag is set
in a register if any of the pixels generated by the com-
mand lie within the clipping rectangle. In this way it is
easy to set the clipping rectangle to correspond to the
location of a graphics pointing device (such as a mouse)
and re-process the Graphics Processor Command
Block (GCMB) to find which drawing command corre-
sponds to the selected area.

2.6 LOGICAL OPERATION

The logical operation is an attribute that applies to all
subsequent pixel update operations (line, arc, character,
BitBlt etc.). It is an operation which can logically com-
bine the contents of separate bit-map locations to pro-
duce new bit-map patterns. All sixteen binary functions
are permitted between both the source and destination.

e AND -
* OR _
¢ EXCLUSIVE-OR

Six combinations provided are commonly used:

e REPLACE destination with source

o REPLACE destination with complement of source
e SET all destination bits to 0

o SET all destination bits to 1

o REPLACE destination with complement of destina-
tion
® REPLACE destination with destination (NOP)

2.7 CHARACTER FONTS

The Graphics Processor supports an unlimited number
of character fonts, that can reside anywhere in the 4
Megabyte address space. The character string to be
written can be defined either as a string of bytes or as a
string of words depending upon the type of font used.
The active font type and upper and lower memory ad-
dresses of the font to be used are set via the DEF__
CHAR__SET command.

Each character in the character font has an indepen-
dently programmable size of up to 16 by 16 pixels, al-
lowing individual characters to have different sizes for
proportional spacing. Each character resides in a block
containing n+ 1 words of memory where n is the pixel
height of the character. The first word contains four-
teen bits to define the height and width of the charac-
ter. The remaining two bits specify if the following
character should be an overstrike or if the character
exceeds sixteen pixels in either dimension to cause a
software trap. Overstriking is useful for efficient imple-
mentation of underline and accents, and prevents up-
dating the GCCP after the character is drawn.

For larger characters than 16 by 16, the trap bit in the
font can cause an interrupt to the CPU so that software
can specially process that character such as a BitBlt. *
The perception of larger characters than 16 by 16 can
also be created by dividing characters into subsets such
as quadrants, and executing multiple character drawing
commands. Software use of the DEF__CHAR__
SPACE command supports negative inter-character
spacing to permit kerning, such as for italic fonts.

The byte or word strings used as parameters for the
CHAR command are used in conjunction with the 22-
bit pointer defined in a register by the DEF__CHAR__
SET command. Use of 16-bit, or word-mode, charac-
ters causes an add between the 22-bit pointer and the
16-bit reference value to access the starting address of
the specific character. Because maximum character
block size is seventeen words of data, approximately
four thousand characters may be contained in one 16-
bit font (worst case). Supplementary software in the
form of a look-up table can be used to access as many
as 65,000 characters in a'single font. BitBlt can move
characters of unlimited size.
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WORD MQDE
16 BIT

CHARACTER
STRING
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BYTE MODE
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CHARACTER
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CHARACTER FONT

[~ T CHARACTER |
L . S

CHARACTER FONT

[~ ~ CHARACTER |
BTMAP |

~ TOFFSET |
— TARE_

122711-3

Figure 2-1. Word and Byte Mode

Use of byte-mode permits eight bit references to charac-
ters. This is important to permit existing software using
ASCII and EBCDIC to be converted to 82786-based
systems. 256 words of the font are reserved for a look-
up table. Adding the 8-bit string parameter to the font
pointer determines the word for the specific character
within this table. The word is then added to the pointer
to locate the character information in the font. Byte-
mode permits only 256 characters in each 8-bit font.
Figure 2-1 shows a description of word and byte mode.

2.8 GRAPHICS PROCESSOR
COMMAND LIST FORMAT

The Graphics Processor executes a sequence of com-
mands resident in memory and runs only when an ap-

plication needs to change bit-map contents or support
some special function such as picking. The general for-
mat of a command is shown in Figure 2-2. '

1514 13 12 11 10 09 08 07 06 05 04 03 02 01 00
OPCODE ' GECLbit
PARAMETER 1
PARAMETER 2

[ PARAMETERN |

Figure 2-2. Command Format
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Each’opcode resides in the high byte of the word with a

-Graphics ECL (End of Command List) bit in the least .,

significant bit of the low byte and followed by a varying
number of parameters in consecutive words. The
Graphics Processor tests the ECL of each command
and sends the Graphics Processor into Poll Mode when
set to “1” for any opcode. Poll mode halts the Graphics
Processor until a LINK command and upper-

and lower-memory values for a link address are loaded
into three reseryed registers. The Graphics Processor
then begins executing a new linked-list of commands
starting at the specified address when the ECL bit with
the LINK command in the register is reset to 0.

An example of a Graphics Command Block us{ng
linked-lists is shown in Figure 2-3.

CONTROL REGISTER

LINK o
LINK ADDRESS LOWER

EXTERNAL MEMORY

ECL

LINK ADDRESS UPPER

—»-| OPCODE 1 0

| ENTER MACRO

PARAMETER 1

OPCODE 2 ' 0
PARAMETER 1

PARAMETER 2

PARAMETER 3
_OPCODE 3 ' 0
POINTER >

OPCODE 7 , 0

STOP

 J

OPCODE 8 . 0
PARAMETER 1 - ., 17
'PARAMETER 2

OPCODE 9 0
OPCODE 10 1

GRAPHICS SUBROUTINE <
OPCODE 4 0
OPCODE 5
OPCODE 6 0
PARAMETER 1

PARAMETER 2

EXIT MACRO

(=]

PARAMETER 1 <

PARAMETER 2 (LINK)

122711-4

Figure 2-3. Graphics Processor Command Block
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CHAPTER 3

3.1 OVERVIEW

The Display Processor has five main functions in gener-
ating the display contents for output: B

1. To retrieve the memory contents of selected bit maps
and output corresponding pixels into separate re-
gions on the display screen (windows);

2. To permit selected portions of bit maps to be magni-
fied on the display (zooming) horizontally and/or

. vertically via pixel replication;

3. To provide a “pointing symbol” (cursor);

4. To generate control and video data signals to the
display hardware;

5. Load the shift registers of VRAMs.

Control of the Display Processor is programmed via
on-chip registers. Content of the display is dynamically
altered by the application (or system software) without
causing unacceptable display blinking. Using memory-
mapped CPU alteration of parameters, the DP will load
the register set with the new parameters during vertical
retrace. By altering the registers to point to a new dis-
play list, the ghange of display lists can occur between
refresh cycles.

DISPLAY PROCESSOR

3.2 WINDOWS

Windows contain the portions of bit maps which are
output by the Display Processor. Up to 16 window seg-
ments or tiles can be displayed on the same scan line of
the CRT, while there may be as many windows verti-
cally as the number of scan lines. ‘

i

The 82786 treats the screen as divided into horizontal
strips (Figure 3-1) of arbitrary width, where the hori-
zontal format of window tiles across the strip remains
constant for the whole strip. This divides the region
into rectilinear areas, which are easy to manage. By
combining strips, overlapping windows can easily be
obtained.

Windows may essentially be arbitrarily shaped (circu-
lar, irregular, etc.) because a new strip may be defined
every display line, similar to the format shown in Fig-
ure 3-2.

STRIP 1 TILE 1.1

STRIP 2 B _';LE : TILE 2.2 TILE 2.-3—- ]

STRIP 3 . -_;u.s :1— T TILE 3.2 TILE 3.3 :E 3:— T

STRIP 4 I —;LE :1— TLE 4.2 [ -_TIE 4;— T

STRIP 5 B _';LE: - T ] /
122711-5

Figure 3-1. Sample Display Implementation of

Two Overlapping Windows
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-

ROUND WINDOW USING ONLY THIRTY STRIPS:
USE OF 200 OR MORE STRIPS WOULD
SIGNIFICANTLY REDUCE ‘‘JAGGIES.”

122711-6

Figure 3-2, Sample Display of Irregular Window

The information needed for the Display Processor is
contained in strip descriptor tables, each made up of a
headér and one or more tile descriptors. The header
contains: ’ .

¢ the number of lines in the strip minus 1;

®: the number of tiles in the strip minus 1;

® upper and lower addresses of the next strip descrip-
tor ' ’

Each tile descriptor (which is consecutive in memory)
contgins; .
1. the width of the bit map from which the window is
being retrieved (in words); o
2. the start address of the bit-map data to be displayed
(word in memory and first bit location);

3. the number of words to fetch for the tile;

4. the first and last bit locations of the bit-map data to _

be displayed;

5. the number of bits per pixel;
6. four bits to indicate border presence for top, bot-

tom, left, and right edges (1 indicates show border,
0 indicates show bit-map for those pixels);

7. window status information which can be used to
select color palettes or other attributes (2 bits);

8. two bits to indicate bit-map configuration, which
can be byte rather than word-oriented with byte
order switched and if bit-map is non-linear (for PC
compatibility);

9. bit to indicate if window is to be zoomed by pixel
replication of the bit-map data;

10. bit to indicate if tile uses field background data.

A one-pixel border can be displayed on any or all sides
of each window tile. This border color is defined in the
Display Control FldColor Register, an 8-bit register
which is the same user-definable color for all windows.
Borders may be turned on or off for individual tiles.
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In the absence of windows, the field background color
is displayed. This single color is definable by the user in
the FldColor Reglster The use of background on the
display minimizes system bandwidth because data is
only fetched for windows and not for background, and
thus saves bit-map memory.

The Display Processor provides padding bits when bit
maps to be displayed have fewer bits/pixel than the
- hardware display, with no performance decrease. This
allows windows of various bits/pixel to be shown
simultaneously on the same display. The user programs

the desired 8-bit color patterns into three registers, one,
serving to map each of 1-, 2-, and 4-bits per pixel infor-

mation into full colors on the display.

All video output from the 82786 can be defined to begin
and end at any pixel (except when in accelerated mode
using external shift logic). This includes the positioning
of every window and the cursor.

The Display Processor command list is controlled by
the CPU. The double-word location -of the first strip
descriptor block is located in a register. The locations
of subsequent strip descriptor tables are based upon a
linked-list architecture and are provided in the preced-
ing descriptor table. This descriptor’ linked-list needs
only to be updated by the CPU when the window ar-
rangement on the screen changes. New strips and tiles
are easily inserted into the display list by simply madi-
fying the linked-list pointers of the preceding strips or
tiles.

The use of redundant lists is poss1ble because the de-
scnptlon of a typical display is memory-efficient and
requires only about 1,000 bytes. This would permit the
CPU to alter the contents of one list while the second is
being used to control Display Processor. When the cre-
ation of the new list is complete, the registers pointing
to the first strip descriptor table may be switched to the
locations for the new list during vertical retrace. This
permits the application to alter the display list without
causing temporary swimming or bllnklng of the dis-
play. .

3.3 CURSOR

The Display Processor supports a single hardware cur-
sor whith may be up to 16 x 16 pixels. This cursor may
be positioned by the user anywhere on the screen. The
cursor may be defined to be transparent or opaque, and
may be either a block cursor or a cross-hair cursor one
pixel across that stretches the width and height of the
screen. The color of the cursor is user-definable, as is
the block cursor’s pattern. Eight bits of register memo-

ry define the color and sixteen 16-bit words of register

define the pattern, which is then padded with the cur-
+ sor color register. Support for a blinking cursor is pro-
vided with a registér for CURSOR__ON which can be
toggled by the CPU as often as necessary to cause an
appropriate blink rate. Multiple cursors can be simulat-
ed by drawing them in software, especially using BitBlIt.

3.4 ZOOM

The Display Processor allows selected windows to be
zoomed (using pixel replication) up to 64 times hori-
zontally and vertically (independently, in steps of one).

. The setting of the zoom bit in the tile descriptor table
causes replication of the pixels in memory according to
horizontal and vertical scaling factors contained in.
Zoom X and Zoom Y Registers.

3.5 VIDEO INTERFACE

Eight parallel video data output lines provide video
output which may be used as eight bits pixel on the
CRT, or externally shifted to boost maximum display
resolution. The dot rate output is controlled by an inde-
pendent video clock which may be up to 25 MHz. Hor-
izontal signals are programmable from 1 to 4096 cycles

" of the video clock and vertical sync signals from 1 to
4096 scan lines. Use of eight external video data pins
allow up to 256 different colors to be directly displayed.
Other CRT control lines provided by the Display Proc-
essor are VSYNC, HSYNC, BLANK.

Several 82786s can be used together for higher perform-
ance graphics. For multiple 82786 Systems, one 82786
acts as a master generating VSYNC and HSYNC, and
the other 82786s act as slaves using the master sync
signals for timing by using their own VSYNC and
HSYNC as inputs. Each 82786 has its own bit-map
memory with separate Graphics Processor Command
Blocks (GCMBS) to form a bit-plane architecture, but
use the same display list. The BLANK sugnal is not
used by slave 82786s. .
External color palettes are supported, and, by use of the
two window status lines, the application may select one
of four color combinations for any window. This sup-
ports a maximum of 1024 simultaneous colors per
frame. The palette may be programmed by latching the
default video data when the BLANK pin is high. The
Display Processor can support non-interlaced, and in-
terlaced-sync displays. Selection of the interlacing, con-
trol to support external shifting of the video data, de-
fault video data contents, and slave/master status for
each 82786 are controlled via dedicated registers. The
82786 may be synchronized to an external source
(*“Gen-Locking”).
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CHAPTER 4
82786 SYSTEMS

4.1 TYPICAL SYSTEM
CONFIGURATIONS

The 82786 can be used in many different cdnﬁgura-
tions, each providing cost and performance appropriate
for different applications and markets.

Three typical applications in which the 82786 could be
used are: . '

1. Low-priced personal computer (Figure 4-1);
2. Multitasking office workstation (Figure 4-2);

3. High-performance workstation for processing-inten-
sive, high-resolution engineering applications (Figure
4-3).

4.2 DRAM/VRAM CONTROL

The DRAM/VRAM controller on the 82786 supports
an array of up to 32 memory chips without extra logic
and up to a 4 megabyte address space. DRAMs sup-
ported have densities ranging from 8K to 1 megabit and

MEMORY

80186 -]

' 82786

122711-7

Figure 4-1. Low End Personal Computer

SYSTEM BIT-MAP
MEMORY MEMORY
80286 < 82786 —»‘ MONITOR »
122711-8
Figure 4-2. Desktop PC/Graphics Terminal
SYSTEM BIT-MAP
MEMORY MEMORY
8028680386 -+ - 82786's - MONITOR
122711-9

Figure 4-3. High End Workstation
7-245



intal AP-259

organizations of x1, x4, or x8. The bandwidth of the - -

memory system can be increased by interleaving memo-
ries and/or using the Ripplemode™ or static-column
mode supported by Intel CHMOS DRAMs. Both inter-
leaving and RipplemodeT™ are completely handled on
chip and require no extra external circuits. Use of stat-
ic-column DRAMSs requires one 74X373 latch  per
bank. Interleaving refers to the use of multiple DRAM
banks with one set of memories receiving new CAS sig-
nals while the other outputs data. Table 4-1 shows
memory burst-bandwidth for the different configura-
tions at 10 MHz.

DRAM/VRAM refresh is done automatically by the
DRAM/VRAM controller. The memory array can be
accessed both by 82786 internal processors (GP, DP)
and by external masters (CPUs) through the BIU. The
82786 DRAM/VRAM controller can be used to con-
trol system memory within its 4 megabyte address
space, provided the target application can accept the

decreased bandwidth of system memory. The portions.

of the address space dedicated to graphics and system
memory are configured at initialization in the DRAM
CONTROL REGISTER. Graphics memory is as-
sumed to start at OH and continue up to the configura-
tion limit. Memory addresses above this are used for
system memory.

4.3 BUS INTERFACE

The Bus Interface Unit of the 82786 is designed to sup-
port all 8-, 16-, and 32-bit microprocessors from Intel,
with optimization for the 80286. This permits the

82786 to run synchronously with the 80286, increasing
throughput by eliminating wait states. A special 8-bit

- mode allows 82786 to also work with 8-bit data bus

microprocessors. The 80386 makes interfacing to the
82786 possible. Interfacing to Intel CPUs is detailed in
the Hardware Configurations Applications Note.

The bus interface allows slave access by the CPU to the
graphics memory controlled through the 82786
DRAM/VRAM controller. This allows the CPU to up-
date the Graphics Processor Command Block (GCMB)
and the Display Processor descriptor lists in the graph-
ics memory where maximum throughput can be sup-
ported. Low-end systems could use only a single memo-
ry shared by both the 82786 and CPU and use the
82786 DRAM/VRAM controller for this memory.

For performance reasons, many systems will have at
least two sections of memory: the 82786 graphics mem-
ory (using the on-chip DRAM/VRAM controller) and
the system memory. In this configuration, the 82786
can execute bus cycles on the system bus so the 82786
can access the CPUs own memory. This master mode is
designed in accordance with the 80286 definitions. This
configuration allows the best of both worlds, the system
and graphics memories are split for performance rea-
sons, but the split is transparent to the software for
flexibility. Character fonts and graphic objects may be
retrieved from disk and placed in system memory loca-
tions reserved for access by the 82786 using a virtual
mode 80286 or 80386 configuration with appropriate
system software.

Table 4-1. 82786 DRAM Bandwidths

Pagemode Ripplemode
DRAM DRAM
Non 10 Megabyte/sec 20 Megabyte/sec
Interleaving (diagnostics or (640 X 480 X 4 or
DRAM banks 640 X 480 X 2) 1K X 1K X 1 noninterlaced)
Interleaving 20 Megabyte/sec 40 Megabyte/sec
DRAM banks (640 X 480 X 4 or (2K X 2K X 1 interlaced:
TIKX1K X1 1K X 2K X 1.
noninterlaced) 1K X 1K X 2.
800 X 600 X 4.
640 X 480 X 8 noninterlaced)
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CHAPTER 5
PACKAGE AND PIN DESCRIPTION

5.1 OVERVIEW

The 82786 is an eighty-eight pin component due to the large number of functions integrated within the device. It is
available in both pin grid array and leaded chip carrier versions. The pinout of a pin grid array is shown in Figure 5-1
and a description of the pins is shown in Table 5-1.

A B ¢ ) £ F G H | J K L M

7/
ol O O O O O O O O O O O O O |uv
Vss  AO7 A0S  A03  AO1 BLANK Vsync VCLK Vdata6 Vdata4 Vdato2 Vdatad Vsg
2] O O O O O O O O O O O O 0O |e
A09  AO8 . AO6  AO4  AO2  AO0 . Hsync Vdata7 Vdata5 Vdata3 Vdatal DRAO  DRA1
s| O (@) (@) O 03
A1 A10 DRA2  DRQA3
] O O O O |os
A3 A12 DRA4  DRAS
51 O O O O |os
A15  A14 DRAG6  DRA7
6] O O O O |os
A7 A16 DRA8 DRA9#/
RAS34#
7| O O O 07
Vee A18 RAS2#  Vee
08 (@) O @) 08
A19  A20 RASO# RAS1#
| O O (@) 09
A21  CLK CASO# CAS1#

w] O e O 10
RESET  INTR WEH#  WEL#
111 O O (@) 1
SEN  MEN BENO#/ BEN1#/

DTO DT1
121 O O O O O O O O O O O O |nm
HLDA HREQ M/IO# CS# READY# DO1 D04 DO6 DO8 D10 D12  Di4 D15
3O O O O O O O O O O O O O |t
Vss BHE§ WR# RD# DOO D02  DO3  DOS .DO7 . DO9  DI1  DI3  Vgg
A B c D E F 6 H 1 J K L M
122711-10

Figure 5-1. 82786 Pinout—Bottom View
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Table 5-1. 82786 Pin Names and Descriptions

Symbol Type ' i Description

A21-0 1/0 ADDRESS LINES FOR THE LOCAL BUS: Normally inputs for Slave Mode
accesses of the 82786 supported DRAM array or internal memory or 1/0
mapped registers. Driven by the 82786, when it is the Local Bus Master.

D15-0 1/0 DATA BUS: For the 82786 DRAM/VRAM array and the Local Bus.

BHE# 1/0 BUS HIGH ENABLE: An input of the 82786 Slave Interface: driven LOW by
"| the 82786 when it is Local Bus Master. Determines asynchrondusvs.
synchronous operation for RD#, WR # and HLDA inputs at the falling
(trailing) edge of RESET. A HIGH state selects synchronous operation.

RD# 170 READ STROBE: An input of the 82786 Slave Interface: driven by the
82786 when it is Local Bus Master. Asynchronous vs. synchronous input
determined by state of BHE # pin at falling RESET.

WR # I1/0 WRITE STROBE: An input of the 82786 Slave Interface: driven by the
82786 when it is Local Bus Master. Asynchronous vs. synchronous input
determined by state of BHE # pin at falling RESET.

MIO 1/0 MEMORY / I/0 INDICATION: An input of the 82786 Slave Interface: -
driven HIGH by the 82786 when it is the Local Bus Master. Selects 286
Status or Command Mode vs. 8086/186 Status Mode of the 82786 Slave
Interface at the falling (trailing) edge of RESET. A LOW state selects the
286 Status or Command Mode.

CS# | CHIP SELECT: Slave Interface input qualifying the access.

MEN (0] MASTER ENABLE: Driven HIGH when the 82786 is in control of the Local
Bus, (i.e. HLDA received in response to a 82786 HREQ). Used to steer the
data path and select source of bus cycle status commands.

SEN o} SLAVE ENABLE: Driven HIGH when 82786 is executing a Slave bus cycle
for an external master on the Local Bus. Used to enable the data path and
as a READY indication to the Local Bus Master.

READY # | SYNCHRONOUS INPUT: To the 82786 when executing Local Bus cycles.
Identical to 80286 timing.
HREQ o] HOLD REQUEST: Driven HIGH by the 82786 when an access is being

made to the Local Bus by the Display or Graphics Processors. Remains
HIGH until the 82786 no longer needs the Local Bus.

HLDA l HOLD ACKNOWLEDGE: Input in response to a HREQ output.
Asynchronous vs. synchronous input determined by state of BHE # pin at
falling RESET.

INTR (0] INTERRUPT: The logical OR of a Graphics Processor and Display

: Processor interrupt. Cleared with an access to the BIU Interrupt Register.

CASO # (0] COLUMN ADDRESS STROBE 0: Drives the CAS inputs of the even word:

DRAM/VRAM bank if interleaved: identical to CAS1 # if non-interleaved
DRAM/VRAM. Capable of driving 16 DRAM CAS inputs.

CAS1# (0] COLUMN ADDRESS STROBE 1: Drives the CAS inputs of the odd word
DRAM bank if interleaved; identical to CASO # if non-interleaved DRAM.
Capable of driving 16 DRAM CAS inputs.

RAS2-0# (0] ROW ADDRESS STROBE: Drives the RAS input pins of up to 16 DRAMs.
Drives the first three rows of both banks of DRAM/VRAM.

DRA9/ (0] MULTIPLEXED MOST SIGNIFICANT DRAM/VRAM ADDRESS LINE

RAS3 # . AND RAS3 #: Support of 1Mb DRAMSs requires DRA9. When 1Mb DRAMs

are used, four rows of DRAMs cannot be supported (RAS3 # unnecessary)
due to 82786 addressing limit of 4 Mbytes being exceeded.

WEL # o] WRITE ENABLE LOW BYTE: Active LOW strobe to the lower order byte
of DRAM/VRAM.
WEH # (o} WRITE ENABLE HIGH BYTE: Active LOW strobe to the higher order byte
: of DRAM/VRAM.
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Table 5-1. 82786 Pin Names and Descriptions (Continued)

Symbol Type Description

DRA8-0 (0] MUTIPLEXED DRAM/VRAM ADDRESS: DRAM/VRAM row and column
address are multiplexed on these lines. Capable of driving 32 DRAMs/
VRAMSs without buffers.

BEN1-0# (0] BANK ENABLE 1 AND 0: Enables the output of the DRAM array on to the
82786 data bus (D15-0). BEN1# controls Bank 1. BENO# controls
Bank 0.

BLANK 110 OUTPUT USED TO BLANK THE DISPLAY AT PARTICULAR
POSITIONS ON THE SCREEN: May also be configured as inputs to allow
the 82786 to be synchronized with external sources.

‘| VDATA7-0 0 VIDEO DATA OUTPUT.

VCLK I VIDEO CLOCK INPUT: used to drive the display section of the 82786. Its
maximum frequency is 25 MHz.

HSYNC/ 1710 HORIZONTAL SYNC: Window status may be multiplexed on this pin. Can

WSTO also be configured as input to allow the 82786 to be synchronized with
external sources. Even as input, window status still is output when BLANK
is low.

VSYNC/ 1/0 VERTICAL SYNC: Window status can be multiplexed on this pin. Can also

WST1 be configured as input to allow the 82786 to be synchronized with external
sources. Even as input, window status still is output when BLANK is low.

RESET | RESET INPUT: internally synchronized. Halts all activity on the 82786 and
brings it to defined state. The leading edge of RESET synchronizes the
clock to PH1. The trailing edge latches the state of BHE # and MIO to
establish the type of Slave Interface. It also latches RD# and WR # to set
certain test modes. N

CLK | DOUBLE FREQUENCY CLOCK OUTPUT: Clock input to which pin timings
are referenced. 50% duty cycle.

Vss, Ve 4 Vgg AND 2 Ve PINS.
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