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The 82720 Graphics Display Controller (GDC) is an intelligent microprocessor peripheral designed to drive high- b DB2
performance raster-scan computer graphics and character CRT displays. Positioned between the video display f g:‘z
memory and Intel microprocessor bus, the GDC performs the tasks needed to generate the raster display and -

X . L , . .. . N £ DBS
manage the display memory. Processor software overhead is minimized by the GDC's sophisticated instruction . 3§ DB6
set, graphics figure drawing, and DMA transfer capabilities. The display memory directly supported by the GDC E DB7
can be configured in any number of formats and sizes up to 256K 16-bit words. The display can be zoomed and 3 —Eﬁf
partitioned screen areas can be independently scrolled and panned. With its light pen input and multipte controller ] ——
capability, the GDC is ideal for most computer graphics applications. Systems implemented with the GDC can - Veo
be designed to be compatible with standards such as VDI, NAPLPS, GKS, Core, or custom implementations. 1 Ay
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Table 1. Pin Deacription

Symbol Pin No. | Type Mame and Desctiption
2XWCLK 1 | Ciock Input
CBIN 2 0 Display Bus Input: Read strobe output used to read display merory daia into the GDG.
- HSYNG 3 &) Horlzontal Sync: Output used to initiate the horizoral retrace of the CRT display.
H VEXT 4 #Oo | Vertical Sync: Output used to initiate the vertical retrace of the CAT display. In slave
H SYNC mode, this pin is an input used to synchronize the GDC with the master raster timing
device.
. BLANK 5 o] Blank: Cutput used 1o suppress the video signal.
RAS (ALE) 6 o] Row Address Strobe (Address Latch Enabia): Output used to start the control timing
: chain when used with dynamic RAMs. When used with static RAMSs, this signal is used
to demultiplex the display address/data bus.
DR 7 0 DMA Request: Output used to request a DMA fransfer from a DMA controller (8237) or
10 processor (B089).
DACK 8 1 DMA Acknowledge: Input used to acknowledge a DMA transfer from a DMA controller
or /0 processar.
RD 9 i Read: Input used to strobe GDC Data into the microprocessor.
Wh 10 | Write: Input used to strobe microprocessor data into the GOC. :
AD " | Register Address: input used to select between commands and data read or written. Al
DBO 12 110 | Bidirectional Microprocessor Data Bua Line: Input enabled by WR. Output enabled ] o
by AD. : : Ny
DB 13
bB2 14
DB3 15
DB4 16
CBS 17
DB& 18
DB7 19
GND 20 Ground.
Vee 40 + 5V Power Supply
Ay a9 Q Graphics Mode: Dispiay Address Bit 17 Output
Character Mode: Cursor and Line Counter Sit 4 Output
Mixed Mode: Cursor and Image Mode Flag
Ags ' 38 O | Graphles Mode: Display Address Bit 16 Quiput :
Character Mode: Line Counter Bit 3 Cutput i
Mixad Mode: Attribute Blink and Ling Counter Reset B
ADys 37 70| Graphica Mode: Display Address/Data Bits 13-15 :
ADqa 36 Character Maode: Line Counter Bits 0-2 Qutput
ADgg 35 Mixed Mode: Display Address/Data Bits 13-15 g-l
ADy, 34 7O | Display Address/Data Bits 0-12 : E}
ADy 33 : i
ADyg az |
ADqg 3t _‘.
ADg 30 ;
AD; 28 1
ADg 28 'J
ADs 27 )
AD, 26 ’
ADg 25 a
AD, 24 |
AD, 23 i
ADQ 22 l{
LPEN | { Light Pen Detact Input ]
!
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FUNCTIONAL DESCRIPTION (Continued)

Microprocessor Bus Interface

Control of the GDC by the system microprocessor is
achieved through an 8-bit bidirectional interface.
The status register is readabla at any time. Access to
the FIFC buffer is coordinated through flags in the
status register.

Command Processor

The contents of the FIFC are interpreted by the com-
mand processor. The command bytes are decoded, and
the succeeding parameters are distributed to their
proper dastinations within the GDC. The bus interface
has priority over the command processor when both
access the FIFO simuttaneously,

DMA Control

The DMA Control circuitry in the GDC coordinates data
transfers when using an external DMA controller. The
DMA Request and Acknowledge handshake lines inter-
face with an 8257 or 8237 DMA controller or 8083 1/Q
processor, so that display data can be moved between
the microprocessor memory and the display memory.

Parameter RAM

The 16-byte RAM stores parameters that are used
repetitivaly during the display and drawing processes.
In character mode, the RAM holds the partitioned dis-
play arsa parameters. In graphics mode, the RAM also
holds the drawing pattern and graphics character.

Video Sync Generator

Based on the ciock input, the sync logic gensrates
the raster timing signals for almost any interlaced,
non-interlaced, or “repeat field” interlaced video for-
mat. The generator is programmed during the idle
period following a reset. In video sync slave mads, it
coordinates timing between the GDC and another
video scurce.

Memory Timing Generator

The memory timing circuitry provides two memory
cycle types. a two-clock period refresh cycle and the
read-modify-write (RMW) cycle which takes four
clock pericds. The memory control signals needed to
drive the display memory devices are easily
generated from the GDC's RAS{ALE) and DBIN
autputs,

Zoom and Pan Controller

Based on the programmable zoom display factorand -

the display area parameters in the parametar RAM,
the zoom and pan controller determines when ta
advance to the next memory address for display
refresh and when to go on to the next display erea. A
horizontal zoom is produced by slowing down the
display refresh rate while maintaining the video sync
rates. Vertical zoom is accomplished by repeatedly
accessing each tine a number of times equal to the

horizontal repeat. Once the line count for a disptay -

area is exhausted, the controfler accesses the start-
ing address and ling count of the next display area
from the parameter RAM, The system microproces-
sor, by modifying a display area starting address,
allows panning in any direction, independent of the
other display areas.

Drawing Processor

The drawing processor contains the fogic necessary
to calculate the addresses and positions of the pixels
of the various grapbics figures. Given a starting point
and the appropriate drawing parameters, the draw-
ing processor needs no further assistance to com-
plete the figure drawing,

Display Memory Controfler

The display memory controller's tasks are numerous.
ts primary purpose is to multiplex the address and
data information in and out of the display memory. i
also contains the 16-bit logic units used to modify the
dispiay memory contents during RMW cycles, the
character mode line counter, and the refresh counter
for dynamic RAMs. The memory controfter appor-
tions the video field time between the various types
of cycles.

Light Pen Debouncer

Onty if two rising edges on the iight pen input occur
at the same point during successive video fislds are
the pulses accepted’as a valid light pen detection. A
status bit indicates to the system microprocessor
that the light pen register contains a valid address.

System Operation

The GDC is designed to work with Intet microproces-
sors to implement high-performance computer

graphics systems. System efficiency is maximized

through partitioning and a pipetined architecture. At
the lowest level, the GDC generates the basic video
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raster timing, including sync and blanking signals.
Partitioned areas on the scresn and zooming are
also accomplished at this lavel. At the next level,
video display memory is modified during the figure
drawing operations and data moves. Third, display

memory address are calculated pixel by pixel as

drawing progresses. Outside the GDC at the next
leval, preliminary calculations are done to prepare
drawing parameters. At the fifth level, the picture
must be represented as a list of graphics figures
drawable by the GDGC. Finally, this representation
must be manipulated, stored and communicated.
The GDC takes care of the high-speed and repetitive
tasks required to implement graphics systems.

GENERAL OVERVIEW

In order to minimize system bus foading, the 82720 uses
a private video memory for starage of the video image.
Lp to 512K bytes of videe memory can be directly sup-
ported. For example, this is sufficient capacity to store
a 2048 x 2048 pixel x 1 bit image. Images can be
generated on the scraen by:

—Drawing Commands
—Program-Controfled Transfers
—DMA Transfers from System Memory

The 82720 can be configured to support a wide vari-
oty of graphics appiications. It can support.

—High Dot Rates

—~Color Planes

—Horizontal Split Sereen
—Character-oriented Displays

—Multiplexed Graphic and Character Display

GRAPHIC DISPLAY CONFIGURATIONS

The B2720 provides the flexibility to handle a wide
variety of graphic applications. This flexibility results
from having its own private videc memory for storage
of the graphics image. The organization of this
memory determines the performance, the number of
bits/pixel and the size of the display. Several different
video memory organizations are examinad in the fol-
lowing paragraphs. '

In the simplest 82720 system, the memaory can store up
o a 2048 x 2048 x 1 bit image. It can display a 1024
% 1024 x 1 bit section of the image at a maximum dot
rate of 44 MHz, or 88 MHz in wide mode. In this con-
figuration, only 1 bit/pixel is used.

By partitioning the memory intc multiple banks, color,
gray scale and higher bandwidth displays can be sup-
ported. By adding various amounts of exiernal logic,

many cost/performance tradeoffs for both display and
drawing are realizable.

The videc memory can be partitioned.into 4 banks,
each 1024 x 1024 bits. By selecting all 4 memory
banks during display, 4 bits/pixel can be provided by
a single 82720. Each bank of video memory con-
tributes 1 bit to each pixel. This configuration can
support color monitors, again with a maximum dot shift
rate of 44 or 88 MHz.

Higher performance may be achieved by using multi-
ple 82720s. Multiple 82720s can be used to support
mutliple display windows, increased drawing speed,
or increased bits per pixel. For display windows,
each 82720 controls one window of the display. For
increased drawing speed, multiple 82720s are
operated in parallel. For increased bits/pixal, each
82720 contributes a portion of the number of bits
necessary for a pixel.

CHARACTER DISPLAY CONFIQURATION

Aithough the 82720 is intended primarily for raster-
scan graphics, it can be used as a character display
controfier. The 82720 can support up to 8K by 13 bits
of private video memory in this configuration (1 char
acter = 13 bits). This is sufficient memory to store 4
screens of data containing 25 rows by B0 characters.
The 82720 can display up to 256 characters per row.
Smooth vertical scrolling of each of 4 independent
display partitions is also supported.

MIXED DISPLAY CONFIGURATION

The GDC can support a mixed display system for
both graphic and character information. This capa-
bility allows the display screen to be partitioned be-
tween graphic and character data. It is possible to
switch between one graphic display window and one
character display window with raster line resolution.
A maximum of 256K bytes of video memory is sup-
ported in this mode: half is for graphic data, half is for
character data, In graphi¢c mode, a ohe megapixel
image can be stored and displayed. In character mode,
64K, 16-bit characters can be stored.

DETAILED OPERATIONAL DESCRIPTION

The GDC can be used in one of three basic modes
—Graphics Mode, Character Mode and Mixed Made.
This section of the data sheet describes the following
for each mode:

1. Memory crganization

2. Display timing

3. Special Display functions
4. Drawing and writing

8109 ) 210855002
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Graphics Mode Memory Organization

The Display Memory is organized into 16-bit words
(32-bit words in wide moda). Since the display memory
can be farger than the CRT display itself, two width
parameters must be specified: display memory width
and display width. The Display width (in wards) is
selected by a parameter of the Reset command. The
Display memory width {in words) is selected by a para-
meter of the Pitch command. The height of the Display
memory can be larger than the display itself. The haight
of the Display is selected by a parameter of the Reset
command. The GDC can directly address up to $Mbits
(0.5Mbytes) of display RAM in graphics mode. )

Graphics Mode Display Timing

All raster bianking and display timings of the GDC are
a function of the input clock frequency. Sixteen or
32 bits of data are read from the RAM and loaded into
a shift register in each two clock period display cycle.
The Addrgss and Data busses of the GDC are muMi-
plexad. In the first part of the cycle, the address of the
word to be read is latched into an external demuitiplexar.
In the secone part of the cycle the data is read from
the RAM and loaded into the shift register. Since ail 16
(32) bits of data are to be displayed, the dot clock is

8x (16 x } the GDC clock or 18 x (32 x ) the Read cycle
rate. ' v

Parameters of the Reset or Sync command determine
the horizontal and vertical front porch, sync pulse, and
back porch timings. Horizontal parameters are specified
as multiples of the display cycle time, and vertical para-
meters as a multipte of the line time. i

Another Reset command parameter selects interlaced
or non-interlaced mode. A bit in the parameter RAM can
define Wide Display Mode. In this mode, while data is
being sent to the screen, the display address counter
is incremented by two rather than one. This allows the
display memory to be configured to deliver 32 bits from
each display read cycie.

The V Sync command specifies whether the V Sync
Pin is an input or an output. if the V Sync Pin is an
output, the GDC gensrates the raster timing for the
display and ather CRT controllers can be synchro-
nized ta it. If the V Sync pin is an input, the GDC can
be synchronized to any external vertical Sync signal.

8110

Graphics Mode Special Display Functions:

WINDOWING

The GDC's Graphics Mode Display can be divided
into two windows on the screen, upper and lower.
The windows are defined by parameters written into
the GDC's paramater RAM, Each window is specifiad
by a starting address and a window length in lines. If
the second window is not used, the first window
parameters should be specified to be the same as the
active display length,

ZOOMING

A parameter of the GDC's zoom command allows
zooming by effectively increasing the size of the dots
on the screen. This is accomptished vertically by
repeating the same display line. The number of times
it is repeated is determined by the display zoom fac-
tor parameter. Horizontally, zoom is accomplished by
extending each display word cycle and displaying
tewer words per line, according to the zoom factor. It
is the responsibility of the microprocessor contral
ling the GDC to provide the shift register clock cir
cuitry with the zoom factor required to slow down the
shift registers to the appropriate speed. The fre-
quency of the 2XWCLK should not be changad. The

zoom factor must be set to a known state upoen
initialization.

PANNING

Panning is accomplished by changing the starting
address of the display window. In this way, panning is
possible in any direction, vertically on a line by line
basis and horizontally on a word by word basis.

Graphics Mode Drawing and Writing

The GDC can draw solid or patternad lines, ares, circles,
rectangles, slanted rectangles, characters, slanted char-

acters, filled rectangles. Direct access to the bit map -

is also provided via the DMA Commands and the Read
or Write data commands.

MEMORY MODIFICATION

Ali drawing and writing functions take place at the
tocation in the display RAM specified by the cursor.
The cursor is not displayed in Graphics Mode. The
cursor location is modified by the execution of draw-
ing, reading or writing commands. The cirsor will
move to the bit following the last bit accessed.

210655-002
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Each bit is drawn by executing a Read-Modify-Write
cycle on the display RAM. These RAMAWY cycies normally
requirg four 2XWCLK cycles to execute. If the display
" zoom factor is greater than two, each R/M/W cycle will
be extended to the width of a display cycle. Writa Data
(WDAT), Read Data (RDAT), DMA write (DMAW) and
DMA read {DMAR) commands can be used to sxam-
ine or modify one to 16 bits in each word during each
R/M/W cycle. All other graphics drawing commands
modify one bit per R/M/W cycle.

An internal 16-bit Mask register determines which bit(s)
in the actessed word are to be modified. A ong in the
Mask register allows the corresponding bit in the display
RAM to be modified by the R/IM/W cycle. A zero in the
Mask register prevents the GOC frem modifying the cor-
responding bit in the display AAM.

The mask must be set by the Mask Command prior 10 .

issuing the WDAT or DMAW command. The Mask reg-
ister is automatically set by the CURS command and
manipulated by the graphics commands.

The display RAM bits can be modified in one of four
ways. They can be setto 1, reset to 0, complemented
or replaced by a pattern.

When replace by a pattern mode is selected, lines,
arcs and rectangles will be drawn using the 16-bit
pattern in parameter RAM bytes 8 and 9.

In set, reset, or complement mode, parameter RAM
bytes 8 and 9 act as another level of masking for line
arc and rectangle drawing. As sach 16-bit segment
of the line or ar¢ is drawn, it is checked against the
pattarn in the parameter RAM. If the pattern RAM bit
is a one, the display RAM bit will be set, reset, or
complemented per the proper modes. If the pattern
RAM bit is a zera, the display RAM bit won't be
modified.

When replace by pattern mode is selected, the
graphics character and fill commands will cause the
8 x B pattern in parameter RAM bytes 8 to 15 to be
written directly into the display RAM in the appropri-
ate locations.

In set, reset, or complement mode, the B x 8 pattern in
parameter RAM bytes 8 to 15 act as a mask pattern
tor graphics character or fill commands, If the appro-
priate parameter RAM bit is set, the display RAM bit
will be modified. If the parameter RAM bit is zero, the
display FLAM bit will not be modified. These modes
are selected by issuing a WDAT command without
parameters before issuing graphics commands. The
pattern in the parameter RAM has no effect on WDAT,
RDAT, DMAW, or DMAR operations.

READING AND DRAWING COMMANDS

After the modification mode has been set and the
parameter RAM has been loaded, the final drawing
parameters are lcaded via the figure specify (FIGS)
command. The first parameter specifies the direc-
tion in which drawing will occur and the figure typeto
be drawn. This parameter is followed by one to five
mare parameters depending on the type of character
to be drawn.

The direction parameter specifies one of eight oc-
tants in which the drawing or reading will occur. The
effect of drawing direction on the various figure
types is shown in Figure 9.

RDAT, WDAT, DMAR, and DMAW Operations move
through the Display memaory as shown in the "DMA”
Column.

The other paramsters required to set up figure reading
or drawing are shown in Figure 3.

DRMWING TYPE  DC [ [ D1 DM
INITIAL VALUE" ] a ] -1 -1
LINE lall  21aD] - |a)]  2laD] - lary zaDl -
ARC* sl or-1 A1) 1 rsinel
RECTANGLE 3 -1 B-1 -1 A1
AREA FILL B-1 & A - -
GRAFHIC B—1 A n - -
CHARACTEA"""

WRITE DATA ~ W-1 - - - -
OMAY D-1 c=-1 - - -
DMAR -1 c-2 ©-net - —
READ DATA w - - - -

“INITIAL VALUES FOR THE VARIOUE PANAMETERS ARE LOADED
WHEN THE FIGS COMMAND BYTE IS P
- CIRGLES ARE DRAWH WITH B AHCS, EACH OF WHICH SPAN 45"
90 THAT &IN ¢ = 1,2 AND S 5 = &

+ - GRAPHEC CHARACTERS ARE A SPECIAL CASE OF BIT-MAR
AHEA FILLING IN WHICH B AND A& <B. IF 4 = § THERE IS NO
NEED TO LOAD D AND D2.

WHERE:

—1m ALL ONES VALUE.

ALL NUMBERS ARE SHOWN IN BASE 10 FOR CONVENIENCE. THE 00C
ACCEPTS BASE 2 NUMBERS (20 COMPLEMENT ROTATION WHERE
APPROPRIATE}.

- = NO PARAMETER BYTES SENT TO GDC FOR THIS PARAMETER.

al= THE LARGER OF 4% OR ay.

AD'= THE SMALLER OF ax OR iy
= RADIUS OF CURVATURE, IN PINELS.

4= ANGLE FROM MAJOR AXIS TO END DF THE ARG, & 45~

= ANGLE FADM MAJOR AXIS TG STARY OF THE ARC. § <48%

I = ROUND UP TO THE NEXT HIGHER INTEGER.
| = ROUND DOWM TO THE NEXT LOWER (NTEGER.

&= NUMBER OF PIXELS IN THE INITIALLY SPECIFIED DIRECYION.

= NUMBER OF PIXELS IN THE CIREGTION AT RIGHT ANGLES TO
THE INITIALLY SPECIFIED DMRECTION.

W= NUMBER OF WORDS TO BE ACCESSED.

C = NUNBER OF GYTES 7O BE TRANSFERRED IN THE INITIALLY
SPECIFIED DIRECTION. (TWO BYTES PER WORD IF WORD
TRANGFER MODE 1S BELECTED.)

D= NUWBER OF WORDE TO BE ACCERSED IN THE DIRECTION AT
AIGHT ANGLEE TO THE INTIALLY SPECIFIED DARECTION.

OC = DRMVING COUNT PARAMETER WHICH 18 ONE LESS THAN

THE NUNBER OF AMW CYGLES TO BE EXECUTED.

DM« DOTS =0 FROM NG ARC DRAWING.

= NEEDED DWLY FOR WORD READE.

Figure 3. Drawing Paramater Details
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After the parameters have been set, line, are, circle, rec-
tangle ot slanted rectangle drawing operaticns are
initiated by the Figure Draw (FIGD) command.
Character, slanted character, area fill and slanted area
fill drawing operations are initiated by the Graphics
Character Draw (GCHRAD) command, DMA transfers are
initiated by the DMA Read or Write (DMAR or DMAW)
commands. Data Read Operations are initiated by the
Read Data (RDAT) Command. Data Write Operations
are initiated by writing a parameter after the WDAT
command.

The area flll operation steps and repeats the 8 x 8
graphics character pattern draw operation to fill a
ractangular area. If the size of the ractangle is not an
integral number of 8 x 8 pixels, the GDC will auto-
matically truncate the pattern at the edges furthest
from the starting point.

The Graphics Character Drawing capability can be
modified by the Graphics Character Write Zoom Fac-
tor (GCHR) parameter of the zoom command. The
zoom write factor may be set from 1 to 16 (by using
from { to 15 in the parameter). Each dot will be
repeatad in memory horizontally and verticaily
(adjusted for drawing direction) the number of timas
specified by the zoom factor.

The WDAT command can be used to rapidly fill large
areas in memory with the same value. The mask is set
to all 1’s, and the least significant bit of the WDAT
parameter replaces all bits of each word written. .

Character Mode Memory Organization

In character mode, the Display memory is organized
into up to 8K characters of up to 13 bits each. Wide
made is also avaitable for characters of up to 26 bits.

The display memory can be larger than the display
itself. The display width {in characters) is a parameter
of the reset command. The display memory width (in
characters) is a parameter of the Pitch Command.
The height of the display (in lines) is a parameter of
the Reset Command. The display memory height is
determined by dividing the number of display
memory words by the pitch.

In character mode, the display works almost exactly as
it does in graphies maode. The differences lia in the fact
that data read from the display RAM is used to drive
a character generator as well as attribute logic if
desired. In Character mode, address bits 13-16 become
line counter outputs.used to select the proper line of
the character generator, and the address 17 output
becomes the cursor and line counter MSB cutput.

&2

Character Mode Display Timing

In character mode, the display timing works as it doss
in graphics mode: In addition, the Address 17 output

~ bacomes cursor output. The charactsristics of the cur-

sor are defined by paramsters of the cursor and
Character Characteristics (CCHAR) command. One bit
allows the cursor output to be enabled or disabled, The
height of the cursor is programmable by setecting the
top and bottom line between which the cursor will
appear. The blink rate is also programmable. The
parameter selects the number of frame times that the
cursor will be inactive and active, resulting in a 50%
duty cycle cursor blinking at 2x the period specified
by the parameter.,

The cursor output pin also provides the line countar bit
4 signal, which is valid 10 clocks after the trailing edge
of HSYNC. :

Character Mode Special Display Functions

WINDOWING

The GDC's Character Mode display can be par
titioned intc one to four windows on the screen, The
windows are defined by parameters written into the
GDC's Parameter RAM. Each window is specified by
a starting address and a window length in lines.

If windowing is not required, the first window length
should be specified to be the same as the active
display length.

ZOOMING AND PANNING
In character made, zooming and pan handling com-
mands function the same way as in Graphics Mode.

Character Mode Drawing and Writing

The GDC can read or write characters of up'to 13
bits inte or out of the Display RAM.

All reading and writing functions take place at the
dizplay RAM location specified by the cursor. The cur-
sor location ¢an be read by issuing the CURD com-
mand. The cursor can be moved anywhere within the
display memory by tha CURS command. The cursor
location is also modified by the exacution of character
read or write commands.

Each character is written or read via a
Read/Modify"Write cycle. The mask register contents
determine which bit{s} in the character are modified.
The mask register can be used to change character
codes without modifying attribute bits or vice-versa. The
Replace with pattern, Set, Reset and Complement

2108E6-002
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modes work exactly as they do in graphics mods, with
the exception that the parameter RAM Pattern is not
used. The pattern used is a parameter of the WDAT
command.

The Figure Specify (FIGS) command must be set to

j Character Display mods, as well as specify the direc-
tion the cursor will be moved by read or write data
commands.

 In character mods, the FIGD and GCHRD commands
are not used.

Mixed Mode Memory Organization

In mixed mode, the display mamory is arganized into

two banks of up to 84K words of 16 bits each (32 bits

in wide mods).

The display height and width are programmable by the
same Reset or Sync command parameters as in the
L graphics and character modes. The display memory
E width (in words) is a parameter of the Pitch Command
and the height of the display memory is determined by
dividing the numbar of display memory words by the
pitch.

An image mode signal is used to switch the external
circuitry between graphics and character modes in
two display windows.

" In a graphics window, the GDC works ag it does in
pure graphics mode, but on a smaller total memory
space (64K words vs 512K words).

in a character window, the GDC works as it does in
pure character mode, but the line counter must be
implemented externally. The counter is clocked by
the horizontal sync pulse and reset by a signal sup-
plied by the GDC.

In mixed mode, the GDC provides both a cursor and
an attribute blink timing signai.

Mixed Mode Display Timing

In mixed made, each word in a graphic area is accessad
twice in succession. The AW parameter of the Reset
or Sync command should be set to twice its normal
valye, and the video shift register load signal must be
suppressed during the extra access cycle.

In addition, A16 becomes a Multiplexed Aftribute and
Clear Line Counter signaj and A17 becomes a multi-
plexad cursor and image mode signal. A16 provides an

active high line counter reset signal which is valid
10 clocks after the trailing edge of HSYNC. During the
active disptay line time, A16 provides blink timing for
external attribute circuitry. This signal blinks at 1/2 the
blink rate of the cursor with a 75% on, 25% off duty
cycle. A7 pravides a signal which selects between
graphics or character display, which is also valid
10 clocks after the trailing edge of HSYNC. During the
active display time, A17 provides the cursor signal. The
cursor timing and characteristics are defined in exactly
the same way as in purs charactsr mode.

Mixed Mode Special Display Functions

WINDOWING

The GDC supports two display windows in mixed mode.
They can independently be programmed into either
graphics or character mode determined by the state of
two bits in the parameter RAM. The window locatien
in display memory and size are also determined by
parameters in the parameter RAM.

ZOOMING AND PANNING

In mixed mode, zooming and panning commands
function the same as in graphics and character
mode.

Mixed Mode Drawing and Writing

In mixed maode, the GDC can write or draw in exactly
the same ways as in both graphics and character
modes. In addition, the FIGS command has a para-
meter GD (Graphics Drawing Flag) which sets the
image mode signal to select the proper RAM bank.

DEVICE PROGRAMMING

The GDC occupies two addresses on the systam micro-
processor bus through which the GDC’s status register
and FIFC are accessed. Commands and parameters
are written into the GDC FIFO and are differentiated by
address bit AD. The status reqister or the FIFO can be
read as selected by the address line.

A READ WRITE

STATUS AEGISTER PARAMETER INTO FIFC

0 I_nu b I S N I I Y I T I A
FIFD REAL COMMANG INTO FIFD
1 I.— TR T T B 1 _1_1 I [ PR T B IJ

Figure 4. GDC Microprocessor Bus Interface
Ragisters
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Commands to the GDC take the form of a command
byte followed by a series of parameter bytes as
needed for specifying the details of the command.
The command processor decodes the commands,
unpacks the parameters, loads them into the appro-
priate registers within the GDC and initiates the re-
qulred operations.

The commands available in the GDC can be organ-
ized into five categories as described in figure 5.

\‘IDEO CONTROL COMMANDS
lE&lT RESETS THE GD{: 70 iT8 IDLE BTATE.
2 BPECIFIES THE VIDEC DISPLAY FORMAT.
.8 \‘.YNG BELECTS MABTER OR 3LAVE VIDEO
AYNCHRON IZATHON MODE
4. CCHAN; SP(! I!;I.ES THE CURSON AND CHARACTER ROW

Mﬂ.ﬂ" OON'I'I!OI. WMNDS
. START: ENDB IDLE MORE AND UNBLANKE THE DISPLAY.
2. BCTAL; GDHTIQL! THE BLANKING AND UNBLANKING OF

DS, AY.
3. I0O0M: SPECIFIES ZOOM FACTORS FOR THE DISPLAY AND
QRAPHICE CHARACTERS WRITING.
4. CURB: :El'l'usoTNE POSITION OF THE CURSOR IN DISPLAY

AY.
5. PAAM: DEFINES STARTING ADONEBSES AND LENGTHS OF
THE MFMY.MIE“ AND SPEGIFIEgT‘IéHE EIGHT

BYTES FOR THE GRAPHIGE CHARA A,
8. PITCH: !FEC!II!O THG WIDTH OF THE X DIMENSION OF
DHPLAY MEMD
DWIRG CONTROL COMMAND:

'
. WDAT: =:H'EO DATA WORDS OR BYTES INTO DISPLAY

2. MASK: SETS THE MASK AEGISTER CONTENTE.
A, FiGs: 'IP!CIFIH THE PARAMETERS FOR THE DRAWING

CESSON.
4. FIGD: Jm THE FIGURE AB SPECIFIED AROVE.
4. GCHAD: DRAWS THE GRAPHICS CHARACTER INTD RISPLAY

MEMORY. DATA READ COMMANDS
1. RDAT: III‘EAHD&EATA WORDS OR BYTES FROM DISPLAY

I CURD:  READS THE CURSOR POSITION.
. LPAD: READS THE LIGHT PEN ADDAESS.
m CONTIICIL COIIH!NB'
. DAR: EQUERTS A DMA READ TRANSFER.
2. DMAW: REOU!STI A DMA WRITE TRANSFEN.

Figure 5. GDC Command Summary

Lofsfefefafafr]a]

DREWING IN

DA EXECUTE

HYNC ACTIVE
HORMIONTAL BLANK ACTIVE
LIGHT PEM DETECT

Figure &. Status Register (SR)

Status Register Flags

8R-7: Light Pen Detact: Whan this bitissetto 1, the
light pen address (LAD} register contains a de-
glitched vatue that the system microprocessor may
read. This flag is reset after the 3-byte LAD is moved
into the FIFO in response to the light pen read
command,

8114

SR-6: Horlzontal Blanking Actlve: A 1 vaiue for
this flag signifies that horizontal retrace blanking ia
currently underway.

SR-5; Vertical Sync: Vertical retrace sync occurs
while this flag is a 1. The vertical sync flag coor
dinates display format modifying commands to the
blanked interval surrounding vertical sync. This
eliminates display disturbances.

8A-4: DMA Execute: This bitis a 1 during DMA data
transfers.

SR-3: Drawing In Progress: While the GDC is draw-
ing a graphlcs figure. this status bit is a 1.

SR-2: FIFO Empty: This bit and the FIFO Full flag
coordinate system microprocessor accesses with
the GDC FIFO. When it is 1, the Empty flag ensures
that all the commands and parameters previously
sont to the GDC have besn processed.

SR-1: FIFO Full: A1 at this flag indicates a full FIFO
in the GDC. A 0 ensures that there is room for at least
one byte. This flag needs to be checked befors each
write into'the GDC,

SR-0: Data Aeady: When this flag ia a 1, it indlcates
that a byte is available to be read by the system
microprocessor. This bit must be tested betore each
read operation. It drops to a 0 while the data is trans-
ferred from the FIFQ into the microprocessor inter
face data register.

FIFO Operation & Command Protocol

The first-in, first-out buffer {(FIFO) in the GDC
handles the command dialogue with the system mi-
croprocesgor. This flow of information uses a half-
duplex technigue, in which the single 16-location
FIFQ is used for both directions of data movemant,
one direction at a time. The FIFQ's direction is con-
trolied by the system microprocessor through the GDC's
command set. The microprocessor coordinates thase
transfers by checking the appropriate status register
bits.

The cormmand protocol used by the GDC requires
the differentiation of the first byte of a command
sequence from the succeeding bytes. This first byte
contains the operation code and the remaining bytes
carty parameters. Writing into the GDC causes the
FIFQ to store a flag value alongside the data byts to
signify whether the byte was written into the com-
mand or the parameter address. The command pro-
cessor in the GDC tests this bit as it interprets the
entries in the FIFO.
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The receipt of a command byte by the command
progeasor marks the end of any previcus operation,
The number of parameter bytes supplied with a com-
mand is cut short by the receipt of the next command
byte. A read operation from the GDC to the micropro-
cessor can be terminated at any time by the next
comrrand,

The FIFO changes direction under the controd of the
system microprocessor. Commands written into the
GDT always put the FIFQ into write mode if it wasn't

in it already. If it was in read mode, any read data in-

the FIFO at the time of the turnaround is lost. Com-
mands which require a GDC response, such as RDAT,
CURD and LPRD, put the FIFO into read mode after
the cormmand is interpreted by the GOC's command
processor. Any commands and parameters behind
the read-avoking command are discarded when the
FIFO direction is reversed.

Read-Modify-Write Cycle

Data transfers between the GDC and the display
memory are accomplished using a read-modify-write
{RMW) memary cycle. The four clock period timing of
the RMW cycle is used to: 1) output the address, 2)
read data from the memory, 3) modify the data, gnd 4)
write the modified data back into the initially se-
{ected mamory address. This type of memory cycle is
used for alt interactions with display memaory includ-
ing DMA transfers, except for the two clock period
display and RAM refresh cycles.

The operations performed during the modify portion

. pf the RMW cycle merit additional explanation. The -

circuitry in the GDC uses three main elements: the
Pattern register, the Mask register, and the 16-bit
Logic unit. The Pattern register holds the data pat-
tern to be moved into memory. i is lcaded by the
WDAT command or, during drawing, from the param-
eter RAM. The Mask register contents determine
which bits of the read data will be medified. Based on
the contents of these registers, the Logic unit per-
forms the selected operations of REPLACE, COM-
PLEMENT, SET, or CLEAR on the data read from
display memory.

The Pattern register contents are ANDed with the
Magk register contents to enable the actual modifica-
" tion of the memory read data, on a bit-by-bit basis.
For graphics drawing, one bit at a time from the
Pattern register is combined with the Mask. When
ANDead with the bit set tc a 1 in the Mask register, the
proper single pixel is modified by the Logic Unit. For
the next pixel in the figure, the next bit in the Pattern
register is selected and the Mask register bit is

moved to identify the pixel's location within the word.
The Execution word address pointer register, EAD, is
also adjusted as required to address the word con-
taining the next pixel.

In character mode, all of the bits in the Pattern regls-
ter are used in parallel to form the respective bits of

_tha modify data word. Since the bits of the character

code word are used in parallel, unlike the one-bit-at-
a-time graphics drawing process, this facitity allows
any or all of the bits in a memory word to be modified
in one RMW memory cycle. The Mask ragister must
be loaded with ts in the positions whare modification
is to be permitted.

The Mask register can be loaded in either of two
ways. In graphics mode, the CURS command con-
taing a four-bit dAD field to specify the dot address.
The command processor converts this parameter
into the one-o0f-16 format used in the Mask register
for figure drawing. A full 16 bits can be loaded into
the Mask register using the MASK command. In addi-
tion to the character mode use mentioned above, the
16-bit MASK load is convenient in graphics mode
when all of the pixels of & word are to be set to the
same value. .

The Logic unit combines the data read from display
memory, the Pattern register, and the Mask register
to generate the data to be written back into display
memaory. Any one of four operations can be selected:
REPLACE, COMPLEMENT, CLEAR or SET. In each
case, if the respective Mask bit is 0, that particular bit
of the read data is returned to memory unmodified. If
the Mask bit is 1, the modification is enabled. With
the AEPLACE operation, the modify data simply
takes the place of the read data for modification
enabled bits. For the other three operations. a 0 in
the modify data allows the read data bit to be re-
turned to memory. A 1 value causes the specified
operation to be performed in the bit positions with
set Mask bits. :

Figure Drawing

The GDC draws graphics figures at the rate of one
pixel per read-modify-write (RMW) display memary
cyclte. These cycles take four ctock periods to com-

plete. At a clock frequency of 5 MHz, this is equal to

800 ns. During tha RMW cycle the GDC simulta-
neously calculates the address and position of the
next pixel to be drawn.

The graphics figure drawing process depends on the
display memory addressing structure. Groups of 16
horizontally adjacent pixels form the 16-bit words
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which are handied by the GDC. Display memory is
organized as a linearly addressed space of these

words. Addressing of individual pixsls is handied by

the GDC's internal AMW logic.

During the drawing process, the GDC finds the next
pixel of the figure which is one of the eight nearest
neighbors of the last pixel drawn. The GDC assigns
each of these eight directtons a numbar from 0 to 7,

starting with straight down and proceeding
counterclockwise,

OOO
O O
OO

Figure . Drawing Directions

Figure drawing requires the proper manipulation of
the address and the pixel bit position according to
the drawing direction to determine the next pixel of
the figure. To move to the word above or below the
current one, it i3 necessary to subtract or add the
number of words per line in display memory. This
parameter is called the pitch, To move to the word to
either side, the Execute word address cursor, EAD,
must be incremented or decremented as the dot ad-
dress pointer bit reaches the LS8 or the MSB of the
Mask registar. To move to a pixel within the same
word, it is necessary to rotate the dot address pointer
register to the right or left.

Figure 8 summarizes these operations for each
direction.

Whola word drawing is useful for filllng areas In
memory with a single value. By setting the Mask
register to all 18 with the MASK command, both the
LSB and MSB of the dAD will always be 1, so that the
EAD value wlll be incremented or decremented for
each cycle regardless of diraction. One RMW cycie will
be able to affect all 16 bits of the word for any drawing
type. One bit in the Pattern register is used per RMW
cycle to write all the bits of the word to the same valua.
The next Pattern bit is-used-for the word, etc.

MR  ADDRESS OPERATIONET
@ EAD = EAD + P

1 EAD = EAD + P
It dACMSB = 1 then EAD = EAD + 1
dAD = LA(dAD)

2 f dAD.MSH = 1 then EAD = EAD + 1
dAD = LR{dAD)

a EAD = EAD -P
If JAD.MSE = 1 then EAD = EAD + 1
dAD =LRA{dAD}

4 EAD = EAD - P

5 EAD = EAD - P
I dAD.LSB = 1 than EAD = EAD — 1
dAD = RA(dAD)

€  IFdAD.LSB = 1 then EAD = EAD - 1
dAD = RA{dAD)

7 EAD = EAD + P
It dAD.LSB = 1 then EAD = EAD - 1
dAD = RR({dAD)

WHERE
P = PITCH, LA = LEFT ROTATE, RR = RIGHT ROTATE
CAD = CURSOR ADDRESS
JdAD = DOT ADDRESS
LSE = LEAST BIGNFICANT BIT
MSB = MOST SIGNIFCANT BIT

Figure 8. Address Calculation Details
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For the various figures, the affect of the initial direction
upon the resulting drawing is shown in figure 8.

Note that during line drawing, the angle of the line
may be anywhere within the shaded octant defined
by the DIR value. Arc drawing starts In the direction
initially specified by the DIR value and veers into an

arc as drawing proceeds. An arc may be up to 45
degrees in length. DMA transfers are dons on word
boundaries only, and follow the arrows indicated in
the table to find successlve word addresses. The
slanted paths for DMA transfers indicate the GDC
changing both the X and Y components of the word
address when moving to the next word. It does not
follow a 45 degree diagonal path by pixels.

Dir | Line Arc [Character [Slant Char]Rectangle] DMA
b |K7 W | My T3] [N
[ SO IR
AR IR
g ™, 1] [N
N8 LE 1O =
A | §IO] [F

FIgl.ire 9. Effect of the Direction Parameter
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Drawing Parameters

In preparation for graphics figure drawing, the GDC's
Drawing Processor needs the figure type, direction
and drawing parameters, the starting pixel address,
and the pattern from the microprocessor. Once these
are in place within the GDC, the Figure Draw com-
mand, FIGD, initiates the drawing operation. From
that point on, the systern microprocessor is not in-
volved in the drawing process. The GDC Drawing
Processor coordinates the RMW circuitry and ad-
dress registers to draw the specified figure pixei by
pixel.

The algorithms used by the processor for figure
drawing are designed 1o optimize its drawing speed.
To this end, the specific details about the figure to be
drawn are reduced by the microprocessor to a form
conduciva to high-speed address calculations within
the GDC. In this way the repetitive, pixel-by-pixsl
calculations can be done quickly, thereby minimizing
the ovarall figure drawing time. Figure 3 summarizes
the parameters.

Graphlcs Character Drawing

Graphics characters can be drawn into display
memory pixel-by-pixel. The up to B-by-8 character is
loaded into the GDC's parameter RAM by the system
microprocessor. Consequently, there are no
limitations on the character set used. By varying the
drawing parameters and drawing direction,
numerous drawing options are available. In area fit
applications, a character can be written into display

118

memory as many times as desired without reloading
the parametar RAM.

Once the parameter RAM has been loaded with up to

_eight graphics character bytes by the appropriate

PRAM command, the GCHRD command can be used
to draw the bytes into display memory starting at the
cursor. The zoom magnification factor for writing,
set by the zoom command, controls the size of the
character written into the display memory in integer
multiples of 1 through 16. The bit values in the PRAM
are repeated horizontally and vertically the number
of times specified by the zoom factor.

The movement of these PRAM bytes to the display
memaory is controlled by the parameters of the FIGS
command. Based on the spacified height and width
of the area 10 be drawn, the parameter RAM is
scanned to fill the required area.

For an 8-by-8 graphics character, the first pixel drawn
uses tha LSB of RA-15, the second pixal uses bit 1 of
BA-15, and so on, until the MSB of RA-15 is reached.
The GDC jumps to the corresponding bit in RA-14 to
continue the drawing. The progression then advances
toward tha LSB of RA-14. This snaking sequence is con-
tinued for the other 6 PRAM twytes. This progression
matches the sequance of display memory addresses
calculated by the drawing processor as shown in
figure 9. if the area is narrower than 8 pixels wide, the
shaking wilt advance to the next PRAM byte before the
MSEB is reached. If the area is less than 8 lines high,
fewer bytes in the parameter RAM will be scanned. If
the.area is larger than 8 by 8, the GDC will repeat the
contents of the parameter RAM in two dimensions.
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Parameter RAM Contents

The parameters stored in the parameter RAM,
PRAM, are available for the GDC to refer to
repeatedly during figure drawing and raster-
scanning. in éach mode of operation the values in the
PRAM are interpreted by the GDC in a predeter
mined fashion. The host microprocessor must load
the appropriate parameters into the proper PRAM
locations. PRAM loading command allows the host
to write into any location of the PRAM and transfer as
many bytes as desired. In this way any stored param-
eter byte or bytes may be changed without influenc-
ing the other bytas.
r

The PRAM stores two types of information. For
specifying the details of the display area partitions,
blocks of four bytes are used. The four parameters
stored in each block include the starting address in
display memory of each dispiay area, and its length.

8119

In addition, there are two mode blits for each area
which specify whether the area is a bit-mapped
graphics area or a coded character area, and
whether a normal or wide display cycle is to be used
for that area.

The other use for the PRAM contents is to supply the
pattern for figure drawing when in a bit-mapped
graphics atea or mode. In these situations, PRAM
bytes 8 through 16 are reserved for this patterning
information. For line, arc, and rectangle drawing
{linear figures) locations 8 and 9 are loaded into the
Pattern registar to allow the GDC to draw dotted,
dashed, etc. lines. For area filling and graphics bit-
mapped character drawing locations 8 through 15
are referenced for the pattern or character to be
drawn.

Details of the bit assignments are shown on the fol-
lowing pages for the various modes of operation.
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HA-G SADY, ]
N B R

| :' DISPLAY PARTITION AREA 1 STAHTING

ADORESH WITH LOW AND HIG
SIGHIF!OANQE FIELDS (WORD

2 LEN1, . Iu ") o]
| | i

LENGTH OF DISPLAY PARTITION 1
Iwml 'M] LEN1, LINE COUNT] WITH LOW AND HIGH
[ S U B GNIFICANCE FIELDS.

THE IMAGE BIT AFFECTS THE
CPERATION OF THE CISPLAY ADURESS
COUNTER IN CHARACTER MODE. IF
THE IMAQE BIT IS ZERQ, IT

WILL INCREMENT BY ONE AFTER
EACH READ CYCLE. IF THE IMAGE

BIT IS SET, IT WILL INCAEMENT

8Y ONE AFTER EVYERY TWO

READ CYCLES.

AWIDE DISPLAY CYCLE WIDTH

GF TWO WORDS PER MEMORY CYCLE
I3 SELECTED FOR THIS DHSPLAY

AREA IF THIS BIT IS SET TO A 1.

THE IHSPLAY ADDRESS COUNTER IS
THEN INCREMENTED BY 2 FOR EACH
DISPLAY SCAN CYCLE, CTHER MEMORY
CYCLE TYPES ARE NOT INFLUENCED.

DISPLAY PARTITION 2 STARYIN
RA-4 §ABZ, = ADDRESS AND LENGTH s

7 |wod M LEN2,,

DISPLAY PARTITION 3 STARTING
RA-S L SAD3, | | |*— AooRess aND LeNGTH

10 LEMNI, 1] ] o L1}

11 |wos| m LEN3,

AA-1Z SADA, | DISPLAY PARTITION 4 STARTING
Lt Ll ADDRESS AND LENGTH

14 LEN4, o ¢ 0 0

15 |WDd| M LEN4,

Figure 10. Parameter RAM Contents—Character Mode
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DISPLAY PARTTFION AREA 1

D1 « STARTING ADDRESS WITH LW,
o | | 1 Fl SA| ‘ L 1 1 | MIDDLE, AND HIGH SIGNIFICANCE
FIELD% {WOAD ADDRESS).
1 l BAD1,, I
L1 M L1
2 I LENY, ] o o | sapt, ]
L | I

BMINIFICANCE FIELDS {LINE COUNT}

LENGTH OF DISPLAY PARTITION-
3 |WD1| M ] . LEN1, J-—— AREA 1 WITH LOW AND HIGH
1 1 I L.
L

IN MIXED MODE, A 1 INDICATES AN
IMAGE GR GRAPHICS AREA, AND A 0
INDICATES A CHARACTER AREA. IN
GRAPHICS MODE THIS BIT MUST BE 0.

WIDE DISPLAY CYCLE MODE BIT

DISPLAY PARTITION AREA 2
AA-4 SADZ, [*— STARTING ADDRESS AND LENGTH WITH
N I I T I — IMAGE IBENTIFY BIT AS IN AREA 1,
5 SAD2,
1 | i 1 1
[ LENZ, 0 0 | BAD2,
1 1
7 ozl m LEN2,,
i ] ]
Al PTN, OR GCHRAE
TN R TR T P A R N
PATTERN OF 16 BITS USED FOR
. FIGURE DRAWING TO PERFORM
) DGTTED, DASHED, ETC. LINES
9 FTN,, OR GCHA?
| | | i | 1 |
RA-10 GCHR §
| | 1 I i | |
" GCHA 5
[ N NN W I B
12 GCHR 4 GRAPHICS CHARACTER BYTES
] ] ) 1 ] | ] . TO BE MOVED INTQ DISPLAY
MEMORY WITH GRAPHICS
13 GCHRA 3 CHARACTER DRAWING
| IO N R R R U | - ;
|
14 GCHA 2 '
| L { | | 1 |

15 GCHRA 1 l /

Figure 11. Parameter RAM Contents—Graphics and Mixed Graphics and Character Modes
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VIDEO CONTROL COMMANDS An
2n
BLANK THE DISPLAY, ENTER IDLE MODE ve!
RESET: [0,0 0,0 0 U 0, 0] ANDINMIALIZE WITHIN THE GOC: )
EGMMAND PROCERSOA All
—INTERANAL COUNTERS Al
S)
Figure 13. Reset Command HC
] 1.
RESET COMMAND If followed by parameter bytes, this command also . | 3
: : sets the sync generator parameters as described
This command can be executed at any time and does .
not modify any of the parameters already loaded into below. Idle mode is exited with the STARTcommand.
the GDC. ’ 3
4.
HO
1.
2.
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P7 . AL, fe———

2
i
5
b
]

MODE CONTROL BITS,
P {0 0fe[Fl1]|o]a]s|=— SEEFiGURE 15
P2 AW .w—— ACTIVE DIAPLAY WORDS PER UUNE —2 MUST
RS T R B BE EVEN NUMBER WITH BIT 0 ~ 0.
3 | v, | HS
Ll [ T s
\ N HORIZONTAL SYNC WIDTH -1
VERTICAL SYNC WIDTH, LOW BITS
Pe [ HFP | VSu le . VERTICAL SYNC WIOTH, HIGH BITS
N HORIZONTAL FRONT PORCH WIDTH —1.
Ps (o 0| HBP e HORIZONTAL BACK PORCH WIOTH 1.
pe |o v VPP |+—— VERTICAL PRONT PORCH WIDTH
1 1

ACTIVE DISPLAY LINES PER VIDEO FIELD,
LOW BITS

ACTWE DISPLAY LINES PER VIGECD FIELD,
HIGH BITS

YERTICAL BACK PORCH WIDTH

Figure 14. Optional Reset Parameters

In graphics mode, a word is a group of 16 pixels. In
character mode, a word is one character code and its
aitributes, if any.

The number of active words per line must be an even
number from 2 to 256.

An all-zero parameter value selects a count equal to
2" where n = number of bits in the paramster field for
vertical parameters.

All horizontal widths are counted in display words.
All vertical intervals are countad in lines.

Sync Parameter Constraints

HORIZONTAL FRONT PORCH CONSTRAINTS
1. In general:
HFP =2 words
2. If DMA is used, or the display zoom factor is greater
than one in interlaced display maode:

HFP =3 words

3. If the GDC is used in slave mode:
HFP =4 words

4. If the light pen input is used:

HFP =8 words

HORIZONTAL Sync CONSTRAINTS

1. If dynamic RAM refresh is used:
HS =2 words :

2. W interlaced display mode is used:
HS =5 words

HORIZONTAL BACK PORCH CONSTRAINTS
1. In ganeral:
HBFP =3 words
2. If interlaced display mode is used, or the IMAGE or
WIDE mode bits change within one video field:
HBP = 5 words

MODE CONTROL BITS {FIGURE 15) -

Repeat Field Framing: 2 Fieid Sequence with 12
line offset between other-
wise identical fields.

Intgrlaced Framing: 2 Field Sequence with 12
line offset. Each fiekd dis-
plays alternate lines.

Noninterlaced Framing: 1 field brings alt of the in-

: formation to the screen.

Total scanned lines in interlace mode is odd. The
sum of VFP + VS + VBP + AL should equal one less
than the desired odd number of lines.

Dynamic RAM refresh is important when high display
zoom factors or DMA are used in such a way that not
all of the rows in the RAMs are regularly accessed
during display raster generation and for otherwise
inactive display memory.

Acqess to display mamory can be limited to retrace
blanking intervals only, so that no disruptions of the
image are seen on the screen.

8-123 210655002




| ="

intel 82720 PRELIMINARY

SY
Thi
ger
G DISPLAY MODE : ide
- ] isr
00 MIXED GRAPHICS & CHARAGTER -
01 AAAPHICS MODE
10 CHARACTER MOCDE ve
11 INYALID
Wh
| im;
1S VIDEG FHAMING ! ger
] VS’
0o NONINTERLACED
o1 INVALID
10 INTEALACED REPEAT FIELD . 8l
FOR CHARACTER DISPLAYS 8N
11 INTEAL AGED ' A
_— - - ‘ syn
3 DYNAMIC RAM REFRESH CYGLES ENABLE ; lay
me
0 NO REFRESH—STATIC AAM
1 REFRESH—DYNAMIC RAM
F DRAWING TIME WINDOW ,
0 OHAWING DURING ACTIVE DISPLAY TIME
AND RETRACE BLANKING
1 - DRAWING OMLY DURING RETRACE BLANKING

Figure 15. Mode Control Blts

omec: [§75,6,8 1 7 1]

THE DISPLAY IS ENABLED BY
A1, AND BLANKEL BY A T,

MODE CONTROL BITS.
prio ojclr[1]|a]a]s]e—— BeE RGORE 1.
7] AW (- --— ACTIVE DISPLAY WORDGS PER LINE -2, MUST
S BE EYEN NUMBER WITH BiT O = 0.
Pl ¥5, H5
L L Il L AL L

L HORIZONTAL SYNC WIDTH —1

YERTICAL SYHC WIDTH, LOW BITS

P4 VERTICAL SYNC WIDTH, HIGH BITS
~ HORIZONTAL FRONT FORCH WIDTH -1, )

PElom|l "‘TP |, |=—— nomizonTAL BACK PORCH WIDTH 1.

pe o | YFP [ YERTICAL FRONT PORCH WIDTH

frl AL w——- ACTIVE DISPLAY LINES PER VIDEQ FIELD,
LOW BITS

P m AL, ACTIVE DISPLAY LINES PER ¥IDEOQ FIELD,
HIGH BITS

VERTICAL BACK POACH WIDTH

Figure 16. Sync Command
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SYNC Format Specify Command

This command loads paramseters into the sync
gensrator. The various parameter fialds and bits are
identical to those at the RESET command. The GDC
is not reset nor does it enter idle mode.

Vertical Sync Mode Command

*
Whan using two or mere GDCs to contribute to cne
image, one GDC is defined as the master sync
generator, and the others operate as its slaves. The
VSYNC pins of ali GDCs are connected together.

Slave Mode Operatlon'

A few considerations should be observed when
synchraonizing two or more GDCs tc generats over-
layed video vig the VSYNC INPUT/OUTPUT pin. As
mentioned above, the Horizontal Front Porch (HFP}

must be 4 or more display cycles wide. This is aquiva-
lent to eight or more clock cycles. This gives the slave
GDCs time to initialize their internal video sync
generators to the proper point in the video field to
match the incoming vertical sync pulse (VSYNC).
This resetting of the generator occcurs just after the
end of the incoming VSYNC pulse, during the HFP
interval. Enough time during HFP is required to allow
the slave GDC to complete the operation before the
start of the HSYNC interval.

Once the GDCs are initialized and set up as Master
and Slaves, they must be given time to synchronize. it
is a good idea to watch the VSYNC status bit of the
Master GDC and wait until after one or more VSYNC
pulses have been generated before the display pro-
¢ess is started. The START command will begin the
active display of data and will end the video
gynchrenization process, so be sure there has been
at least one VSYNC pulse generated for the Slaves to
synchronize to.

veync: [0 1 1 0 1 1 1[M|

0-—-ACCEPT EXTEANAL YERTICAL
SYNC—SLAVE MODE

1—GEHERATE & QUTPUT VERTICAL
SYNC—MASTER MODE

Figure 17. Vertical Sync Mode Command

ccunr-\:ln1uo1n1 tl
| N T TR T T T |

P Pc| 9,0 I A f-—— LINES PER CHARACTER ROW - 1
&

DISPLAY CURSOR IF 1

‘P2 I BJH,_ |scl ) C:Tof ) —lq_ g&son TOP LINE NUMBER IN THE

0—BLINKING CURSOR
1—STEADY CURSOR
BLINK RATE, LOWER BITS
CBOT .
F3 [ , €BOT | BAy ]-— BLINK RATE, UPPER BITS
CUHSOR BOTTOM LINE NUMBER IN

THE ROW

Figure 18. Cursor & Character Characteristics Command
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Cursor and Character Characteristics
Command

In graphics mode, LR should be set to 0. For interlaced
displays in graphics mode, BR should be set to 3. The
biink rate parameter controls both the-cursor and attrib-
ute blink rates. The cursor blink-on-time = blink-off-time
= 2 x BR (video frames). The attribute blink rate is
always 2z the cursor rate but with a 34 on-%4 off duty
cycle.

DISPLAY CONTROL COMMANDS
Zoom Factors Specify Command

Zoom magnification factors of 1 through 16 are avaii-
able using codes O through 15, respectively.

Cursor Position Speclfy Command

In character mode, the third parameter byte is not
needed. The cursor is displayed for the word time in
which the display scan address (DAD) equals the

cursor address. In graphics mode, the cursor word -

address specifies the word containing the starting
pixe! of the drawing; the dot address value specifies
the pixel within that word.

Parameter RAM Load Command

From the starting address, SA, any number of bytes
may be lcaded into the parameter RAM at incrernent-
ing addresses, up to location 15. The sequence ot
parameter bytes is terminated by the next comrmand
byte entered into the FIFQ., The parameter RAM
stores 16 bytes of information in predefined loca-
tions which ditfer for graphics and character modes.
See the parameter RAM discussion for bit
assignments.

Pltch Specification Command

This value is used during drawing by the drawing
processor to find the word directly above or balow
the current word, and during display 1o find the start
of the next line. :

The Pitch parameter {(width of display memory) is set
by two different commands. In addition to the PITCH
command, the RESET (or SYNC) command also sets
the pitch value. The “active words per line" param-
eter, which specifies the width of the raster-scan dis-
play, also sets the Pitch of the display memory. In
situations in which these two values are equal there
i3 no need to execute a PITCH command.

START DISPLAY & END IDLE MODE
sTART: (01,1, 0 1 0 1 1]

DISPLAY BLANKING CONTHOL
BCTAL: [0 ¢ 0, 0,1 1, o]of

ZOOM FACTORS SPECIFY
ZOOM: ]o t o0 011 g
L L A 'l 'l L 1

"‘l o8P [ GCHA
1 L Il L L 1

4 THE DISPLAY IS ENABLED

EY# 1, AND BLANXED BY
n.

ZOOM FACTOR FQR GRAPHICS
CHARACTER WRITING MINUS 1

CURSOR POSITION SPECIFY
cums: [01 b 0 1 0 0 1]
L L L L i ] 1

# | , EaD ]-_ EXECUTE WORD ADDRESS, LOW BYTE

P2 I L EfO L }-— EXECUTE WORD ADDRESS, MIDDLE BYTE
AD

3 | dAD [ G [ EAD }.— (GRAPHICS MODE ONLY)

DISPLAY ZOOM FACTOR MINUS 1

.

WORD ADORESS, TOP BITS .
DOT ADDRESS WITHIN THE WORD

Figure 19. Display Control Commands
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BTARATING ADDRESS IN'
PARAMETER RAM

TN T T I N B |

]¢~—1TD1GWTESTOELOAI!D

INTG THE FARAMETER RAM

P"Illlllll

STARTING AT THE RAM ADDRESS
| TN

Figure 20. Parameter RAM Load Command

Pck: (o010, 0, 0,1,9,1]

P I L i1 1 lp L L Il

—I<—— NUMBER OF WOAD ADDRESSES
IN DISPLAY MEMORY IN THE
HORIZONTAL BHRECTION

Figure 21. Plich Specification Command

WRITE DATA INTO THSPLAY MEMORY

WDAT:LOI‘J"I]TYPE ] Woo

aupe

|

AMW MEMORY CYCLE LOGICAL
OPERATION:

=—— REPLACE WITH PATTERN
i COMPLEMENT

-—— REAET TO 2ZEAC

-— BT 7O 1

-0

|

- g
-

R
“4—————————— LOW BYTE OF THE WORD
————————————— HIGH BYTE OF THE WORD
- |NVALID

DATA TRANSFER TYPE
LOW THEN HIGH BYTE

M I WORD, OR BYTE
1 1 [ [ 1 I

Id——- WORD LOW DATA BYTE OR
1 BINGLE BYTE DATA VALUE

P2 WORD Y
| I N Y W T |

|t WORD TRAMBFER OMLY:
L HGH DATA BYTE

Figure 22. Write Data Command

DRAWING CONTROL COMMANDS
Write Data Command

Upon receiving a set of parameters (two bytes for a
word transfer, one for a byte transfer}, one RMW

cycle into Video Memory is done at the address -

pointed to by the cursor EAD. The EAD pointer is
advanced to the next word, according to the previ-
ously specified direction. More parameters can then
be accepted.

For byte writes, the unspecified byte is treated as all
2eros during the RMW memory cycle.

In graphlcs bit-map situations, only the LSB of the
WDAT paramater bytes is used as the pattern in the
RMW operations. Therefore it is possible to have only
an all ones or all zeros pattern. In coded character
applications all the bits of the WDAT parameters are
used to establish the drawing pattern.

The WDAT command operates differently from the
other commands which initiate RMW cycle activity. It
requires paramaters to set up the Pattern register
while the other commands use the stored values in
the parameter RAM. Like all of these commands, the
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WDAT command rnust be preceded by a FIGS com-

mage: [0 1 a0 1,01 .n—| mand and its parameters. Cnly the first three para-
maetars need be given following the FIGS opcode, to set
Ml Mo e ow siaNIFIGANCE BYTE up the type of drawing, the D4R direction, and the DG L

vatue. The DC parameter +1 will be the number of

RAMW cycles done by the GDC with the first set of WDAT »

parameters. Additionat sets of WDAT parameters will N —

Figure 23. Mask Reglster Load Command see a DC value of 0 which will cause only one RMW
. cycle to be exscuted.

]
PEI_J L J*—HIGHS{GNIFICANCEBYTE

'Fm:lo1no|1nol
L {11

N P 1 R S ) P

FIGURE TYPE BELECT BITS: . A

LINE (VECTOR) |
GAAPHICS CHARACTER E
ARC/CIRCLE B T
RECTANGLE ji
SLANTED GRAPHICS CHARACTER b

- ] te
Pzd L, b, | |+ bcorawnG maraMETER ! m

P lofepf - | DCu, P
l h‘l';_*—GMPHICSDHMINGFLiEFOHUSE T
MIXED GRAFHICS AND CHARACTER MODE n
md L, 4 P, |+ DDRAWING FARAMETER C
. ] =
"Inuo]ull?"lx]) f r
. u
Pad L, , 9% |e—— D2 DRAWING PARAMETER . €
T
oz :
mlol o P S
c
nd L, ML Fe—— 01 DRAWING PARAMETER T
tl
P’l“]“[lu“l"“lu]) C
re— s
910({ L, M [—— DM DRAWING PARAMETER V
L
S DO R g t
t
VALID FIGURE TYPE SELECT COMBINATIONS :
5. B A GC & QEERATION
0 ¢ B 4 n CHARACTER DISPLAY MODE (
DRAWING, INDIVIDUAL GOT
DRAWING, DMA, WDAT, AND I
ROAY i
o ¢ o0 b 1 STRAIGHT LINE DRAWING ONLY THESE BIT
COMBINATIONS
9 @ & ) b BRAPHICSCHARACTER ASSUAE [
DRAWENG AND AREA FILLING CORRECT DRAWING
WHTH GRAPHICS CHARACTER OPERATION
PATTEAN
o 0o 1 o o ARC AND CIRCLE DRAWING
6 1 6 9 o RECTANGLE DRAWING
1 0 0 1 o SLANTED GRAPHICS
: CHARACTER DRAWING ANO
SLANTED AREA FILLING

Figure 24. Figure Drawing Parameters Specify Command '
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maD: (o 1,1,0,1,1,0,0]

Figure 25. Figure Draw Start Command

acHap: [0 1,1,0,1,0,0 0]

Figure 28. Graphics Character Draw
and Area Filling Start Command

Mask Register Load COmm‘and

This command sets the value of the 16-bit Mask reg-
ister of the figure drawing processor. The Mask regis-
ter controls which bits ¢can be modified in the display
memory during a read-modify-write cycle.

The Mask register is loaded both by the MASK com-
mand and the third parameter byte of the CURS
command. The MASK command accepts two param-
eter bytes to load a 16-bit value into the MASK
register. Ali 16 bits can be individually one or zero,
under program control. The CURS command on the
other hand, puts a ' of 16" pattern into the Mask
register based on the value of the Dot Address value,
dAD. if normal single-pixel-at-a-time graphics figure
drawing is desired, there is no need 10 do a MASK com-
mand at all since the CURS command wilt set up
the proper pattern to address the proper pixels as
drawing progresses. For coded character DMA, and
screen setting and clearing operations using the
WDAT command, the MASK command should be
used after the CURS command if its third parameter
byte has been output. The Mask register should be set
to all ones for any “word-at-a-time’ oparation.

Figure Draw Start Command
On execution of this instruction, the GDC ioads the

parameters from the parameter RAM into the draw-
ing processor and starts the drawing process at the

pixel pointed to by the cursor, EAD, and the dot
address, dAD. '

Graphice Char. Draw and Area Fili Start
Command .

Based on parameters loaded wlth the FIGS com-
mand, this command initiates the drawing of the
graphics character or area filling pattern stored in
Parameter RAM. Drawing begins at the address in
display memory pointed to by the EAD and dAD
values.

DATA READ COMMANDS

Read Data Command

Using the DIR and DC parameterg of the FIGS com-
mand to establish direction and transfer count,
multiple AMW cycles can be executed without
specification of the cursor address after the initial
load {DC = number of words or bytes).

As this instruction begins to execute, the FIFQ buffer
direction is reversed so that the data read from dis-
play memory can pass to the microprocessor. Any
commands or parameters in the FIFO at this time will

be lost. A command byte sent to the GDC will imme-

diately reverse the buffer direction back to write
made, and all RDAT information not yet read from the
FIFQ will be lost. MOD should be set to 00,

Cursor Address Read Command

The Execute Address, EAD, points to the display
memecry word containing the pixel to be addressed.

The Dot Address, dAD, within the word is represented
as a 1-0f-16 code.

Light Pen Address Read Command
The light pen address, LAL, corresponds to the dis-

play word address, DAD, at which the light pen input
signal is detected and deglitched.

roat: [ 1 8 1 [Tvpe] o[ Moo |

|'l-"-'— DATA TRANSFER TYPE

o 0 -+——— WORD, LOW THEN MIGH BYTE

1 0 =——— LOW BYTE OF THE WORD ONLY
1 1 -=——— HIGH BYTE OF THE WORD ONLY
a 1 ~— INVALID

Figure 27. Read Data trom Display Memory Command
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como: [1,1,1,0,0,0,0,0]

© THE FOLLOWING FYTES ARK RETURNED B3V THE GDC:
Plc.l? I ;IADl mk—mm:mmmm

2 s u EXECUTE ADDRESK (EAD, WOOLE BYTE

20 [ X2 % X X [ Eapa— execure acopass eaos wow srs

m B0 50T AGDREss ko, Low e
o OB, J& ooraoomess oy isawsrre

X = Unchetinmd

LPRD: |1 % 0, 0.0 0 ¢ 0

THE FOLLOWING BYYEY ANE RETURNED BY THE GDC:

o o M-
[l ron somes, oo o
CETII L e

X = Undafhed

Figure 268. Curaor Address Read Command

Figure 28. Light Pen Address Read Command

DMA READ RECLEST

owse: [7 7 [rve] 1 woo]

pr——

¢ 0-w—————— WORD, LOW THEN HIGH BYTE
1 0=————— LOW BYTE OF THE WORD
1 1-=————  HIGH BYTE OF THE WORD

01— [NVALID

DMA WRITE REQUEST
omaw: [0 o 3| Tree| + [ moo]

—_——

0 0-=————— WORD, LOW THEN HIGH BYTE
1 Q-=—————— LOW BYTE OF THE WORD
1 1-+——— HiGH BYTE OF THE WORD

& 1 -a———————— [NVALID

e ——r—n—ee-—oe DATA TRANSFER TYPE:

P FUWIW MEEMORY LOKUCAL OPERATION:
a T-—— REPLACE WITH PATTERN

41— COMPLEMENT

1 O~ RESET TO ZERO

1 T-=— BET TD ONE

[+ DATA TRANSFER TYPE;

Figure 30. DMA Cantrol Commands
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .......... C to 70°C
Storage Temperature ... .............. -65°C to 150°C
Voltage on any Pin with Respect

toGround .................. U -0.5V to +7V
Power Dissipation .. .......................... 1.5 Watt

DC CHARACTERISTICS

Ts = PFC to 70° C: Ve = 5V = 10%; GND =0V

*COMMENT: Exposing the device 1o stresses above
those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meantto be
operated under conditions outside the limits described in
‘the operational sections of this apecification. Expostre to
absolute maximum rating conditions for extendad peri-
ods may &ffect device relfability.

Limits
Symbol Parameter Unit Conditicns
Min. Max.
VL Input Low Voltage ~-0.5 0.8 v
VIH Input High Veltage 20 Voo + 0.5 v
VoL Qutput Low Voltage 0.45 v loL = 2.2 mA
VoH Cutput High Voltage 2.4 v IgH = —400 u A
oz Output Leakags Current ' =10 ©A Vg5 +0 4565V =
Vee
hL Input Leakage Currant =10 HA Vg5 =V =Vgoe
Voo Clock Input Low Valtage -05 06 v
VeH Clock Input High Valtage 35 Voo + 05 v -
lee Yoo Supply Current 270 mA Typical = 150 mA
CAPACITANCE
Ta = 25°C; Voo = GND = OV
Limits
Symbol Parameter Unit Conditions
Min. Max.
CIN Input Capacitance 10 pF
Cio 1/Q Capacitance 20 pF fc = 1 MHz
Cour Dutput Capacitance 20 pF V=20
Co Clock Input Capacitance 20 pF
8-131 | 2DESS-D02
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A.C. CHARACTERISTICS (T, - 0°C 10 +70°C, Vg = UM Vg = +5V £ 10%)

DATA BUS READ CYCLE

82720 827201 82720-2 Tost
Symbol Parameier Unlis Condlitlons
Min. Max. Min. Max. Min. Max.
Tar Ag selup 1o BB o 1] 0 ns
TRa Ag hold alter BD1 0 0 0 nE
ThA BD Pulse Width Thp +20 Trp +20 Trp + 20 ns
TRo AD! 1o Data Oul Delay 120 80 70 ns OL = 50pF
Tor fi0! 1o Data Fioat Dalay 0 120 o 100 3 20 ns
Thy &0 Recovery Time 4 Tey 4 Tey 4Ty | ns
DATA BUS WRITE CYCLE
82720 8272041 82720-2
Symbal Parametsr Units Test
Conditions
Min. Max. Min. Max. Min. Max.
Taw Ag Setup to WR 0 0 0 ng
Twa Ag Hold atiar WR! 0 0 10 ns
Taw | WA Puise Wigth 120 100 90 ns
Towe Data Setup to WH! 100 80 70 ns
Two Data Hold afier WA o 0 10 ns
Tay WR Recovery Time 4 Toy 4 Tey 4 Tey ns
DISPLAY MEMORY TIMING
82720 v B2T20 82720-2 Test
Symbol Parameter Units Conditions
Min. Max. Min, Max. Min. Max.,
Tea Address/Dala Delay tam 2XWCLK | 30 180 30 130 ac 110 ns ! CL=50pF
Tac Address/Data Hold Time 30 180 30 130 ac 1o ns | CL=50pF
Tog Dala Setup 0 2XWCLK | Q 4] o ns
Ten Caa Hold Time Tig+20 Tig+20 Tig +20 ns
T 2XWCLK | to DBIN a0 120 30 30 30 80 ng | cL=s0pF
Toan 2XWCLK1 1o ALET a0 125 30 100 30 20 ns | CL=50pF
Toal ZXWOLKI to ALE | . 0 100 30 80 30 70 ns | CL=50pF
TaL ALE Low Time Toy +30 Toy +20 Ty +30 s
‘ TaH ALE High Time ToH— 20 Tew - 20 Top =20 ns
Teo Video Signal Detay from 2XWOCLK! 150 120 100 ns
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A.C. CHARACTERISTICS (Continusd)
OTHER TIMING
B2720 827201 82720-2 Tont
Symbol Farameter Units Conditions
Min. Max. Min. Max. Min. Max.
Tege LPEN or ¥SYNC Input Setup to 2XWCLKT 30 20 15 ng
: Tep LPEN or ¥SYNC Input Pulse Width Ty Ter Teov ns
CLOCK TIMING
82.?20 827201 82720-2 Test
Symbel Parameter Unlts Condltions
Min. Max. Min. Max. Min. Max.
Tev Clock Period 250 2000 200 2000 180 2000 ns
Toh Clock High Tima 05 80 70 ns
ToL Clock Low Time 05 80 70 ns
Th Rise Time 2 20 20 ns
T Fall Time 20 20 20 na
DMA TIMING
82720 B2720-1 82720-2 Teat
Symbot Paramater Unlits Condltlons
Min. Max. Min. Max. Min. Max.
Tace BACK Selup 1o RD or WR & 0 a ns
Teac DACK Hold from RD! or WR1 i} o] a ns
Tan RD Pulse Width Trp1 + 20 Thpy +20 Trpy + 20 ns
Trm RAD! to Data Out Delay 18 Ty 15 Tew 15Tey | ns | CL=80pF
+120 +80 +70
Tko 2XWCLK1 o DREQ Detay 150 120 100 ng CL =50pF
Troak |DREQ Setup to DACK! o o Q ng
TakRo DACK | 1o DREQ| Delay Te + 150 Toy +120 Toy+100| ns CL = 50pF -
TAKH GACK High Time Tev = Toy ns
Takd DACK Cycle Time, Word Mode 4 Ty 4 Ty 4 Tey s
Taka DACK Cycle Tima. Byte Mods 5 Tey 5 Tey 5 Toy 1S
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‘A.C. TEST CONDITIONS | W

Input Pulse Levels (except 2XWCLK) ......0 ... ... ... .. . ... .... e e e .. .045V to 24V
Input Pulse Levels (2XWOCLK). . ... ... .. O3V to 38V
Timing Measurement Rsterence Leveis (except 2XWCLK). . ............... ... ... ... . e 08V ta 200
Timing Measutemant Reference Levals (2XWCLK) . ..................... ... .. ... ... ... 0.6V to 35V

WAVEFORMS

DATA BUS TIMING
READ CYCLE

"~ Y

B

to—Tan o I"THA

TUF i

DATA BUS

{OUTPUT) DATAVALID —— ]

Y

WRITE CYCLE

X

T aw = Toew la-'l'wrb 3 —

Ay 1

+—Tow Two

DATA BUS y TATA DATA.
(INPUT) MAY CHANGE ><""— DATA VALID _""K MAY CHANGE
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WAVEFORMS (Continued)
DISPLAY MEMORY TIMING '
READ/MODIFY/WRITE CYCLE . o i
i —a{ Tpc I— |
Tep =i |<- =l Tew | Tar [ _ E
T : 1
ifl
ADO=15 —-————'< VALID >— L VALID }--{( YALID ,>_ | |
A ’ OUTMUT ADDRESS * INPUT DATA OUTPUT DATA
— T - T,
OB i
'r!- t
= Toa I | Tca Tea
iy
A18A17 VALID INVALID
o Tar -t Ta { )
= Toaw
M
*JH
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WAVEFORMS (Continued) v
DISPLAY MEMORY TIMING (Continuad) '

READ CYCLE " .
e oy (Y

=T, Tac
ADg-AD 5 —reet _C

-
ATBAIT ;q(l( x

OTHER TIMING
SR SWall
- Tpg
LPEN N
Va¥YNC / e ..
e b I
CLOCK TIMING
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i
WAVEFORMS (Continued)
DMA TIMING ) :
I
READ .
Tea Tog ="
" DREG@
N
- Tanro
Faoak
pot— Ty ——e] ¥
|
OAER / “, 1.
N - S
= Tace ’—
- Tag————#
v \‘ A {
Teag bo— . 3
Tuot - Tor pe— . .
JE DATA ¥} ; I
: oBo-7 ¥ VALID .
E Tar, Tarz - I
WRITE
2x WCLK
Txo Tty .
i
OREG Lo
N
Troax Tawng -
Tarn
DAl S/ \
* K 2 .
wH
F— Tarc —= Toag—
Tww
TﬁK‘. TM(Z
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WAVEFORMS (Continued) - | | S
C
DISPLAY AND RMW CYCLES (1X ZOOM)
- A e T

ADO-18 o Ouitpit Addrasa {_Outout Actorbes S Inpin O84S Outpun Owin 'Y Output Ackiress Y : p -

N \ N i S

as T X : X AAAXRXXX AT | i
HEYNC: \ \

VAT SYNG: A A A ¥ | o
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WAVEFORMS (Continued)

DISPLAY AND RMW CYCLES {2X ZOOM)

Zoomed Displuy Zeomwd Diaplay RWW Dinplay or AMW
Cycin Cycla Cytin Cycle
I R T P S TR T T MU S | 5 B B S1—nf B 2 e 8] — w54 a4

TIWCLK: JF\_L.\_J‘_\_J'_\_IP—\_J_\_JL_\_)L\_I‘_\_?L\_L\_)L\_J'_\}
| S :
1 I
ADG1S: | ey ) "

LALA N I 4 X . 4 X
Biank: 1% i f — |'|

ZOOMED DISPLAY OPERATION WITH RMW CYCLE (3X ZOOM)

Zeomed Clupley . RMw Cisplay or AMW
Cycle Cycle Cyche 4
l— 5+ ey SQTS‘ 35 $B— e Tt 57— s1—.] Sd—ale—cg—ole—ca T B B
2eweLk: T FLl_\_l_\_l—¥l_\__l_\_1 . ; r
g
aE D N/ Y / S
CHIN: .
ADDAS: et T i) Trati Aaarras o ST )—.{mm—
g, 17 T X
B,
Bank: TITN / —
[
3
20685002
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WAVEFORMS (Continued) f \

VIDEC SYNC SIGNALS TIMING

HoLank: _/ T _ - N
HSYNC: / h
PLUNTIS ¢ X X ¢ A C::Zm::):::

LCO-4: X 1_\

e 300X X00C2T2000CI 1112 TII 1101 IIIITIII 1110000 200
Lovs: '_'):f:ZZZD’.’:ZZZ:X:.'ZZZ:Z:'.:'_ZZZZ:_‘:Z'_'.'.Z'_:X::'_DC
Row: * . x—

R D SN S S S - R o
VBLANK: -—:—_—_\___ . . ——rr— - ————

1

]

|

I—-— 1V {Fimd) |

INTERLACED VIDEO TIMING

HBLANK: JI'L--_I'I__I'I_-__I'I._I"l__-;!'I_fL__.J"I_-_ Ju_n .. -

. e . —— ] e -
VBLANK: ..!_--‘-‘ | " _I___._f"' — : :
| 1 | i
YSYNC: 'I I I : |r I 1 I
(Interlace) 1 . 1 ]
1 1
: E ! Finkd
|

1

1 1

- Odd Fislgt
t
3

i 1 — L

VEYNG:
{Ne Intariace)
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WAVEFORMS (Continued)

VIDEC HORIZONTAL SYNC GENERATOR PARAMETERS

| "
l—

]

1

HSYNC:

VIDEQ VERTIGAL SYNC GENERATOR PARAMETERS

L
[ W |
)
1 l
| 1

VBLANK:
f | d ) |
1 1 ! i
F [ : ! ]
| | f )

vsvnc:_I_} ! : |I 1 |

| 1
! | | I :
! b : 1 !
% vep I AL _1 !‘_ I-—vw—-l
! |
|
———| v5 frrem
CURSOR—IMAGE BIT FLAG

—| Ty

2XWCLK Jnnn

HBLANK: i v JoTeY e I
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