Product Specification

October 1988 27220 A
High-Performance
Graphics Display Controller
Description O External video synchronization mode

The Z7220A High-performance Graphics Display Con-
troller (HGDC}) is an intelligent microprocessor peripheral
designed to be the heart of a high-performance raster-
scan computer graphics and character display system.
Positioned between the video display memory and the
microprocessor bus, the HGDC performs the tasks
needed to generate the raster display and manage the
display memory. Processor software overhead is mini-
mized by the HGDC's sophisticated instruction set,
graphics figure drawing, and DMA transfer capabilities.
The display memory supported by the HGDC can be
configured in any number of formats and sizes up to
256K 16-bit words. The display can be zoomed and
panned, while partitioned screen areas can be indepen-
dently scrolled. With its light pen input and multipie con-
troller capability, the HGDC is ideal for advanced
computer graphics applications.

System Considerations

The HGDC is designed to work with a general purpose
microprocessor to implement a high-performance com-
puter graphics system. Through the division of labor
established by the HGDC's design, each of the system
components is used to the maximum extent through a
six-level hierarchy of simultaneous tasks. At the lowest
level, the HGDC generates the basic video raster timing,
including sync and blanking signals. Partitioned areas
on the screen and zooming.are also accomplished at this
level. At the next level, video display memory is modified
during the figure drawing operations and data moves.
Third, display memory addresses are calculated pixel by
pixel as drawing progresses. Outside the HGDC at the
next level, 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 HGDC. Finally, this representation must be manipu-
lated, stored, and communicated. By handling the first
three levels, the HGDC takes care of the high-speed and
repetitive tasks required to implement a graphics system.

Features

J Microprocessor Interface
DMA transfers
FIFO Command Buffering

O Display Memory Interface
Up to 256K words of 16 bits
Read-Modify-Write (RMW) Display Memory cycles as
fast as 500ns
Dynamic RAM refresh cycles for nonaccessed
memory

O Light Pen Input

O Drawing Hold Input

O Graphics Mode
Four megabit, bit-mapped display memory
O Character Mode
8K character code and attributes display memory
{J Mixed Graphics and Character Mode
64K if all characters
1 megapixel if all graphics
O Graphics Capabilities
Figure drawing of lines, arc/circles, rectangles, and
graphics characters in 500ns per pixel
Display 1024-by-1024 pixels with 4 planes of color or
grayscale
Two independently scroliable areas
O Character Capabilities
Auto cursor advance
Four independently scrollable areas
Programmable cursor height
Characters per row: up to 256
Character rows per screen: up to 100
O Video Display Format
Zoom maghnification factors of 110 16
Panning
Command-settable video raster parameters
O Technology
Single +5V, NMOS, 40-pin DIP
[J DMA Capability
Byte or word transfers
4 clock periods per byte transferred
0O On-chip pull-up resistor for VSYNC/EXT, HSYNC and
DACK, and a pull-down resistor for LPEN/DH

Pin Configuration
— )
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BN 2 A,
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44-Pin Plastic Chip Carrier (PCC)
Pin Assignments

Pin ldentification
Pin
No. Symbol Direction Function
1 2WCLK n Clock Input
2 DBN Out Display Memory Resd input Flag
3 HSYNC out Video Sync Output
4 V/EXTSYNC In/Out  Vertical Video Sync Output or External VSYNC input
5  BLANK Out CRT Output
6 ALE(RAS) oOu Address Latch Ensble Output
7 DRQ out DMA Request Output
8 DACK n DMA nput
9 RD n Read Strobe Input for Microprocessor interface
10 WR n Write Strobe input for MICroprocessor intertace
11 A n ‘Addross Select Input for Microproceesor intertace
12-19  DBy-DB; m/out B Data Bus to Host Microprocessor
0 GND - Ground
21 LPENDH n Light Pen Detect Hold Input
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‘Addross and Deta Lines 10 Dispiey Memory

¥
4
L
5
5
g

Utitzation Varies with Mode of Operation

38 Ay Out Uthization Varies with Mode of Operation
¥ Ay Out ‘Veries with Mode of Operation
4 Vo - +5V x 10% Power Supply

Pin
No. Symbol Direction PFunction
35-37 AD;y-AD,g Out Line Counter Bits 0 0 2 Outputs
38 Ay Out Line Counter Bi 3 Output
» Ay Out Cursor Output and Line Counter Bit 4
Mixed Mode Pin Utilization
Pin
No. Symbol Direction Function
35-37 AD;y-ADyy n/Out ‘Addreas and Deta Bits 130 15
38 Ay Out Attribute Blink and Clear Line Counter Output
N Ay Out Cursor and Bit-map Area Flag Output
Graphics Mode Pin Utilization
Pin
No. Symbol Direction Punciion
35-37 ADyy~ADys n/Out Address and Dats Bits 13 to 15
B Ay Out Address Bit 16 Output
» Ay Out ‘Address Bit 17 Output

Block Diagram
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HGDC Components

Microprocessor Bus Interface

Control of the HGDC by the system microprocessor is
achieved through an 8-bit bidirectional interface. The
status register is readable at any time. Access to the
FIFO buffer is coordinated through flags in the status
register and operates independently of the various inter-
nal HGDC operations, due to the separate data bus con-
necting the interface and the FIFO buffer.

Command Processor

The contents of the FIFO are interpreted by the command
processor. The command bytes are decoded, and the
succeeding parameters are distributed to their proper
destinations within the HGDC. The command processor
yields to the bus interface when both access the FIFO
simultaneously.

DMA Control

The DMA control circuitry in the HGDC coordinates trans-
fers over the microprocessor interface when using an
external DMA controller. The DMA Request and Acknowl-
edge handshake lines directly interface with a DMA con-
troller, 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 repeti-
tively during the display and drawing processes. In char-
acter mode, this RAM holds four sets of partitioned
display area parameters; in graphics mode, the drawing
pattern and graphics character take the place of two of
the sets of parameters.
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Video Sync Generator

Based on the clock input, the sync logic generates the
raster timing signals for almost any interlaced, non-
interlaced, or “‘repeat field” interlaced video format. The
generator is programmed during the idle period following
a reset. In video sync siave mode, it coordinates timing
between multiple HGDCs.

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 periods.
The memory control signals needed to drive the display
memory devices are easily generated from the HGDC’s
ALE and DBIN outputs.

Zoom and Pan Controller

Based on the programmable zoom display factor and the
dispiay. area entries in the parameter RAM, the zoom and
pan controller determines when to advance to the next
memory-address for display refresh and when to go on to
the next display area. 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 line a number of times equal
to the horizontal repeat. Once the line count for a display .
area is exhausted, the controller accesses the starting
address and line count of the next display area from the
parameter RAM. The system microprocessor, by modify-
ing a display area starting address, can pan in any direc-
tion, independently of the other display areas.

Drawing Controller

The drawing processor contains the logic necessary to
calculate the addresses and positions of the pixels of the
various graphics figures. Given a starting point and the
appropriate drawing parameters, the drawing controller
needs no further assistance to complete the figure
drawing.

Display Memory Controller

The display memory controtler’s tasks are numerous. Its
primary purpose is to multiplex the address and data
information in and out of the display memory. It also con-.
tains the 16-bit logic unit used to modify the display mem-
ory contents during RMW cycles, the character mode
line counter, and the refresh counter for dynamic RAMS.
The memory controller apportions the video field time
between the various types of cycles.

Light Pen Deglitcher/Drawing Hold

Only if two rising edges on the light pen input occur at
the same point during successive video fields 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. If this input is held
high for a period greater than four 2xWCLK cycles, draw-
ing execution is halted.

Programmer’s View of HGDC

The HGDC occupies two addresses on the system micro-
processor bus through which the HGDC's status register
and FIFO are accessed. Commands and parameters are
written into the HGDC's FIFO and are differentiated

based on address bit Ag. The status register or the FIFO
can be read as selected by the address line.

A0 READ WRITE
Status Register Parameter Into FIFO
0
l | I T TN T o | IJ rJ L1t 1.1 J_I

Command Into FIFO

[ 1 L1 L 1. 1 1 ]

HGDC Microprocessor Bus Interface Registers

Commands to the HGDC 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 parame-
ters, loads them into the appropriate registers within the
HGDC, and initiates the required operations.

" The commands available in the HGDC can be organized

into five categories as described in the following section.

HGDC Commands Summary
Video Control Commands

1. RESET1 Resets the HGDC to its idle state.
Resynchronizes video timing. Blanks
the display.

2. RESET2 Resetsthe HGDC to its idle state.
Does not resynchronize video timing.
Blanks the display.

3. RESET3 Resets the HGDC to its idle state.
Does not resynchronize video timing.
Does not blank the display.

4. SYNC Specifies the video display format.

5. VSYNC  Selects master or slave video synchro-
nization mode.

6. CCHAR  Specifies the cursor and character

row heights.
Display Control Commands

1. START Ends idle mode and unbianks the
display.
2. BLANK1 Controls the blanking and unblanking

of the display, along with video resyn-
chronization.
3. BLANK2 Controls the blanking and unblanking
of the display. Does not blank the
display.
Specifies zoom factors for the display
and graphics characters writing.
Sets the position of the cursor in dis-
play memory.
Defines starting addresses and
lengths of the display areas and speci-
fies the eight bytes for the graphics
character.
Specifies the width of the X dimension
of display memory.

4. ZOOM
5. CURS
6. PRAM

7. PITCH
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Drawing Control Commands

1. WDAT Writes data words or bytes into display
memory. -

2. MASK Sets the mask register contents.

3. FIGS Specifies the parameters for the draw-
ing controller.

4. FIGD Draws the figure as specified above.

5 GCHRD Draws the graphics character into

display memory.
Data Read Commands

1. RDAT . Reads data words or bytes from dis-
play memory.

2. CURD Reads the cursor position.

3. LPRD Reads the light pen address.
DMA Control Commands

1. DMAR Requests a DMA read transfer.

2. DMAW Requests a DMA write transfer.
Status Register Flags

T 1]

L Data Ready
FIFO Full
FIFO Empty

Drawing in Prog!
DMA Execute
Vertical Sync Active

Bilank Active/
Vertical Blank Active

Light Pen Detect

Status Register (SR)

SR-7: Light Pen Detect

When this bit is set to 1, the light pen address (LAD) reg-
ister contains a deglitched value that the system micro-
processor may read. This flag is reset after the 3-byte
LAD is moved into the FIFO in response to the light pen
read command.

SR-6: Horizontal Blank Active/Vertical Blank Active
A 1 value for this flag signifies that horizontal retrace
blanking or vertical retrace bianking is currently under-
way dependent on the status of the VH bit in SYNC or the
RESETx parameter 6.

SR-5: Vertical Sync

Vertical retrace sync occurs while this flagisa 1. The
vertical sync flag coordinates display format modifying
commands to the blanked interval surrounding vertical
sync. This eliminates display disturbances.

SR-4: DMA Execute

This bit is a 1 during DMA data transfers.

SR-3: Drawing in Progress

While the HGDC is drawing a graphics figure, this status
bitisa 1.

SR-2: FIFO Empty

This bit and the FIFO-full flag coordinate system micro-
processor accesses with the HGDC FIFO. Whenitis 1,
the Empty flag ensures that all the commands and pa-
rameters previously sent to the HGDC have been
interpreted.

SR-1: FIFO Full

A1 at this fiag indicates a full. FIFO in the HGDC. AO

ensures that there is room for at least one byte. This flag
needs to be checked before each write into the HGDC.
SR-0: Data Ready

When this flag is a 1, it indicates that a byte is available to
be read by the system microprocessor. This bit must be
tested before each read operation. It drops to.a 0 while
the data is transferred from the FIFQ into the micropro-
cessor interface data register.

FIFO Operation and Command Protocol

The first-in, first-out buffer (FIFO) in the HGDC handles
the command dialogue with the system microprocessor.
This flow of information uses a half-duplex technique, in
which the single 16-location FIFO is used for both direc-
tions of data movement, one direction at a time. The
FIFO's direction is controlled by the system microproces-
sor through the HGDC's command set. The host micro-
processor coordinates these transfers by checking the
appropriate status register bits.

The command protocol used by the HGDC requires dif-
ferentiation of the first byte of a command sequence from
the succeeding bytes. The first byte contains the opera-
tion code and the remaining bytes carry parameters.
Writing into the HGDC causes the FIFO to store a fiag
value alongside the data byte to signify whether the byte
was written into the command or the parameter address.
The command processor in the HGDC tests this bit as it
interprets the entries in the FIFO.

The receipt of a command byte by the command proces-
sor marks the end of any previous operation. The number
of parameter bytes supplied with a command is cut short
by the receipt of the next command byte. A read opera-
tion from the HGDC to the microprocessor can be termi-
nated at any time by the next command.

The FIFO changes direction under the control of the
system microprocessor. Commands written into the
HGDC always put the FIFO into write mode if it was not in
it already. If it was in read mode, any read data in the
FIFO at the time of the turnaround is lost. Commands
which require an HGDC response, such as RDAT, CURD
and LPRD, put the FIFO into read mode after the com-
mand is interpreted by the HGDC’s command processor.
Any commands and parameters behind the read-evoking
command are discarded when the FIFO direction is
reversed.
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Read-Modify-Write Cycle

Data transfers between the HGDC and the display mem-
ory are accomplished using a read-modify-write (RMW)
memory 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, and 4) write the modified
data back into the initially selected memory address.
This type of memory cycle is used for all interactions with
display memory including DMA transfers, except for the
two-clock period display and RAM refresh cycles.

The operations performed during the modify portion of
the RMW cycle merit additional explanation. The circuitry
in the HGDC uses three main elements: the Pattern regis-
ter, the Mask register, and the 16-bit Logic unit. The Pat-
tern register holds the data pattern to be moved into
memory. It is loaded by the WDAT parameters or, during
drawing, from the parameter RAM. The Mask register
contents determine which bits of the read data will be
modified. Based on the contents of these registers, the
Logic unit performs the selected operations of REPLACE,
COMPLEMENT, SET, or CLEAR on the data read from
display memory.

The Pattern register contents are ANDed with the Mask
register contents to enable the actual modification 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 ANDed with the bit set to
a 1 in the Mask register, the proper single pixel is modi-
fied 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
containing the next pixel.

In character mode, all of the bits in the Pattern register
are used in parallel to form the respective bits of the mod-
ify 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 facility allows any or all of the bits
in a memory word to be modified in one RMW memory
cycle. The Mask register must be loaded with ones in the
positions where modification is to be permitted.

The Mask register can be loaded in either of two ways. In
graphics mode, the CURS command contains a 4-bit
dAD field to specify the dot address. The command pro-
cessor converts this parameter into the 1-of-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 addition to the character mode use men-
tioned above, the 16-bit MASK load is convenient in
graphics mode when all of the pixels of a word are to be
set to the same value.

The Logic unit combines the data read from display mem-
ory, the Pattern register, and the Mask register to gener-
ate the data to be written back into display memory. Any
one of four operations can be selected: REPLACE, COM-
PLEMENT, CLEAR or SET. In each case, if the respective
Mask bit is 0, that particular bit of the read data is re-
turned to memory unmodified. If the Mask bit is 1, the
modification is enabled. With the REPLACE operation,
the Pattern register 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 returned to memory. A 1 value causes the
specified operation to be performed in the bit positions
with set Mask bits.

Figure Drawing

The HGDC draws graphics figures at the rate of one pixel
per read-modify-write (RMW) display memory cycle.
These cycles take four clock periods to complete. Ata
clock frequency of 8MHz, this is equal to 500ns. During
the RMW cycle the HGDC simultaneously 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 hor-
izontally adjacent pixels form the 16-bit words which are
handled by the HGDC. Display memory is organized as a
linearly addressed space of these words. Addressing of
individual pixels is handled by the HGDC'’s internal RMW
logic.

During the drawing process, the HGDC finds the next
pixel of the figure which is one of the eight nearest neigh-
bors of the last pixel drawn. The HGDC assigns each of
these eight directions a number from 0 to 7, starting with
straight down and proceeding counterclockwise.

00O
OO

. B0

Figure drawing requires the proper manipulation of the
address and the pixel bit position according to the draw-
ing direction to determine the next pixel of the figure. To
move to the word above or below the current one, it is
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 decre-
mented as the dot address pointer bit reaches the LSB or
the MSB of the Mask register. To move to a pixel within
the same word, it is necessary to rotate the dot address
pointer register to the right or left. The table below sum-
marizes these operations for each direction.

Dir Opaerations to Address the Next Pixel
000 EAD - P—EAD
001 EAD - P—EAD

dAD (MSB) = 1:EAD - 1—+EAD dAD-LR
010 dAD (MSB) = 1:EAD — 1—-EAD dAD-LR
on EAD - P—EAD

dAD (MSB) = 1:EAD - 1—-EAD dAD—LR
100 EAD - P—EAD
101 EAD - P—EAD

dAD{LSB) = 1:EAD — 1~EAD dAD—RR
10 dAD {LSB) = 1:EAD - 1—+EAD dAD—RR
11 EAD - P—EAD

dAD (LSB) = 1:EAD - 1—+-EAD dAD—RR

Note: P = Pitch, LR = Left Rotate, RA = Right Rotate, EAD = Execute Word Address, and
dAD = Dot Address stored in the Mask register.
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Whole word drawing Is useful for filling areas in memory
with a single valus. By setting the Mask register to alf 18
with the MASK command, both the LS8 and MSB of the
dAD will always be 1, so that the EAD value will be incre-
mented or decrementad for each cycle regardiess of
direction. One RMW cycla will be able to affact all 16 bits
of the word for any drawing type. One bit in the Paitern
register Is used per RMW cycle to write all the bits of the
word to the same value. The next Pattern bit is used for
the word, etc.

For the varlous figures, the effect of the Initial direction
upon the resulting drawing is shown below:

Die $te

Y

=
;
=

o

Ed
§

Note that during line drawing, the angle of the line may
be anywhere within the shaded octant defined by the DIR
value, Arc drawing staris In the direction Initially specified
by the DIR value and veers injo an arc as drawing pro-
ceads. An arc may be up to 46° in length. DMA transfers
are done on word boundaries only, and follow the arrows
Indioated in the table to find successive word addresses.
The slanted paths for DMA transfers Indicate the HGDC
changing both the X and Y components of the word ad-
dress when moving to the next word, it does not follow a

45° diagonal pathby pheals.

Drawing Parameters

in preparation for graphics figure drawing, the HGDC’s
Drawing processor needs the figure type, direction and
drawing paramefers, the starting pixel address, and the
patiern from the microprocessor. Once these are in place
within the HGDC, the Figure Draw command, FIGD,
Initiates the drawirig operation. From that point on, the
system microprocessor is not involved in the drawing
process. The HGDC Drawing controller coordinates the
RMW circuitry and address registers to draw the speci-
fied figure pixel by pixel.

The algorithms usad by the processor for figure drawing
are designed to optimize its drawing speed. To this end,
the specific detalls about the figure to be drawn are re-
duced by the microprocessor to a form conducive to
high-speed address calculations within the HGDC. In
this way the repetitive, pixel-by-pixel calculations can be
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done quickly, thereby minimizing the overall figure draw- .

" ing time. The table below summarizes the parameters.

Drawing Type o [ ] L] [ ba
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Noctangle 3 A=1 -1 -1 A-1
Arsa il 8-1 A A - -
Graphic Chamscir® [ ] A & - -
Pead & Wit Dols W-1{ - - - =
[T [ ¢~1 - ~ -
DilAan 0~1 C=1 ©-vyar - -
Neton: AR 0 tr The HADGC socep
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mn;muﬂum-uhM|wAcllA
Symbel Definitians
1= ARONES vl
—— " HGOC for e
A= The lamger el Axof dy.
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r= Radive of cunelug, i ploels.
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9= Ang'e fom mejor axie 4o siarof e e 0 < 42°.

1 = Found up o the newl kighas integer.

| = Rownd down i $w et lower nlages.

Aw Number ol phiale In Ine Inkially specibed o

8+ Number of pixals In tha diredlion & e
rghtangies

Wa Number of worde o be accessed.

€= Numbac ol bylas i be baasienred in the inlielly speeified

ran(lnwnmlmu-vm

O= Number of words o be
alas b the lileth Eract

g ly apecht
= Orawing. B

berof RMW syciec 1o be execuled.
M= Dote maskaed feam driving durfag we drawing.
.= Nouded enly for weed reede.

Graphlcs Character Drawing

Graphics charactsrs can be drawn into display memory
pixel by plxel. The up to & by-8 character display Is loaded
Into the HADC's parametar RAM by the system micropro-
cessor. Consequently, there are no limitations on the
character set used. By varying the drawing parametors
and drawing direction, numerous drawing options are
available. In area fill applications, a character can be
written into display memory as many times as deslred
without reloading the parameter RAM.

Once the parameler RAM has bean loaded with up to
eight graphlcs character bytes by the appropriate PRAM
command, the GCHRD command can be used to draw -
the byles inlo display memory stariing al the cursor. The
zoom magnification factor for writing, set by the ZOOM
command, controls the size of the character writien into
the display memory in integer multiples of 1 through 186.
The bit values in the PRAM are repeated horizontally and
}fertlcally the number of times specified by the zoom
aclor  *
The movement of these PRAM bytas 10 The display mem-
ory Is controlled by the parameters of the FIGS
command.

This Material Convriued Bv Its Respective Manufacturer
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Based on the specified height and width of the area to be
drawn, the parameter RAM is scanned to fill the required
area.

For an 8-by-8 graphics character, the first pixel drawn
uses the LSB of RA-15, the second pixel uses bit 1 of’
RA-15, and so on, until the MSB of RA-15 is reached.

The HGDC jumps to the corresponding bit in RA-14 to
continue the drawing. The progression then advances
toward the L.SB of RA-14. This snaking sequence is con-
tinued for the other 6 PRAM bytes. This progression
matches the sequence of display memory addresses
calculated by the drawing processor as shown above. If
the area is narrower than 8 pixels wide, the snaking will
advance to the next PRAM byte before the MSB 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 HGDC will repeat the contents of
the parameter RAM in two dimensions, as required to fill
the area with the 8-by-8 mosaic. (Fractions of the 8-by-8
pattern will be used to fill areas which are not multiples of
8by8.)

Parameter RAM Contents: RAM Address
RA-0 to RA-15

The parameters stored in the parameter RAM, PRAM,
are available for the HGDC to refer to repeatedly during
figure drawing and raster-scanning. In each mode of
operation the values in the PRAM are interpreted by the
HGDC in a predetermined fashion. The host micropro-
cessor 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 trans-
fer as many bytes as desired. In this way any stored pa-
rameter byte or bytes may be changed without
influencing the other bytes.

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
display area, and its length. In addition, there are two
mode bits for each area which specify whether the area
is a bit-mapped graphics area or a coded-character area,
and whether a 16-bit or a 32-bit 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
area 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 register to allow the
HGDC 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 for the various
modes of operation.

Character Mode

) Display Partition Area 1

starting address with low &
high tields
{word address)

) Length of Display Partition 1
|—— {tine count) with high and
low fields

A Wide Display cycle width

of two words per memory cycle
is for this display

area if this bitissettoa .

The dispiay address counter

is then incremented by

2for each display scan

cycle. Other memory cycle
types are not influenced.

Display Partition 2
|- starting address

RA-4 SAD2,
" and length

Display Partition 3
l-=— starting address
and length

RA-8 SAD3,

10 LEN3, ] 0 [ ] [}

n WDJI [} I LEN3,

Dispiay Partition 4

AA-12 SAD4, jwa— starting address
N PR N and length
13 0 o o I SAD4,
" LEN4, [} ¢ o [}
—_ L
15 WDll 0 | LEN4,
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Graphics and Mixed Graphics and Character Modes

RA-8 :4| PTN, ‘or
L N

RA-10

RA-O

-

RA-4

PTN,

or

GCHRE
GCHRS
GCHR4
GCHR3
GCHR2
GCHR1

SADY,

SAD1,

LEN1,

DoES

LENt,

Pattern of 16 bits used for
tigure drawing to pattern
dotted, dashed, etc. lines

Graphics character bytes
|___ tobe moved into display
memory with graphics
character drawing

Display Partition Area 1
starting address with low,
middle, and high significance
fields (word address)

Length of Display Partition
j Area 1 with low and high
9! fields (line count)

in mixed mode, a 1indicates an
area,anda 0

RESET1

RESET2

RESET3

BLANK1

BLANK2

SYNC

VSYNC

CCHAR

image or g
indicates a character area. In

graphics mode this bit must be 0.
When 1, the DAD is incremented

"~ every other dispiay cycle.
Display Partition Area 2

l~e— starting address and

tength with image
bitasinarea

Command Bytes Summary

S ERIR ORI
wow [0 o ofo v o]
P DRI B
o oo =]
mon  [o o ofo v 0 0]
wou [0 o s[weefo] wo |
wo oo o] e o]
S DRI B
S DI BRI
oowo [0+ + ot o0 o]
ma [0 i Joee o] weo |
o [ v efe o o o]
wo [0 ofe o o o]
i [T o e [+ e
o [o o o [ e

Video Control Commands

Reset

S

This command can be executed at any time and does not
modify any of the parameters already loaded into the
HGDC.

if followed by parameter bytes, this command also sets
the sync generator parameters as described below. Idle
mode is exited with the START command.

RESET1: Resync video timing in slave mode.
RESET2: Blank the display and do not resync.
RESET3: Unblank the display and do not resync.
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P4 I HFP I VS, l<—v.rﬂul$yncwmh.mghbm
PO N .

Front Porch Width — 1

DH PH HBP [~=— Horizontal Back Porch Width — 1

[~=— Vertical Front Porch Width

PE VH VL

[<t— Active Dispiay Lines per
Video Fleld, low bits

]

Active Display Lines per

] [ VBP I AL,
PR . Video Field, high bits

Vertical Back Porch Width

In graphics mode, a word is a group of 16 pixels. In char-
acter mode, a word is one character code and its attrib-
utes, 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 parameter field for vertical parameters. All
horizontal widths are counted in display words. All verti-
cal intervals are counted in lines.

if the Drawing Hold (DH) is set to one, pin 21 (LPEN/DH)
is used as the drawing hold controi pin. When the input
to LPEN/DH is held high for over four 2 x WCLK clocks,
the drawing address output is temporarily held and the
display address is output.

The HGDC allows an even or odd number of lines per
frame. Selection is via the VL flag, the seventh bit of the

SYNC Generator Period Constraints
Horizontal Back Porch Constraints

1. Ingeneral:
HBP > 3 Display Word Cycles (6 clock cycles).
2. If the Image bit or WD mode changes within one video
field:
HBP > 5 Display Word Cycles (10 clock cycles).
3. Ifinterlaced, mixed mode, or split screen is used:
HBP > 5 Display Word Cycles (10 clock cycles).
Horizontal Front Porch Constraints
1. Ingeneral:
HFP > 2 Display Word Cycles (4 clock cycles).
2. Ifthe HGDC is used in the video sync Slave mode:
HFP > 4 Display Word Cycles (8 clock cycles).
3. Ifthe Light Pen is used:
HFP > 6 Display Word Cycles (12 clock cycles).
4. Ifinterlaced mode, DMA, or ZOOM is used:
HFP > 3 Display Word Cycles (6 clock cycles).
Horizontal SYNC Constraints
1. i Interlaced display mode is used:
HS > 5 Display Word Cycles (6 clock cycles).
2. It DRAM Refresh is enabled:
HS > 2 Display Word Cycles (4 clock cycles).

Modes of Operation Bits
[ a Display Mode
[} 0 Mixed &Ch
[] 1 Mode
1 [ Character Mode
1 1 Invalid
L} $ Video Framing
[ o Nonrinteriaced
) 1 Invalid
1 [} Repest Field for Displays
1 1
Repeat Field Framing: 2 field sequence with /2 line

offset between otherwise iden-
- tical fields.
" 2 field sequence with Yz line
offset. Each field displays alter-

Interlaced Framing:

sixth parameter pyte following a RESET or SYNQ com- nate lines.
mand. When VL is 0, an odd number of display lines is Non-interlaced Framing: 1 field brings all the information
generated. to the screen.

vL of ines in Dynamic RAM Refresh Cycles Enable

o Odd, as in 7220 [ No Refresh — Static RAM

1 Even 1 Retresh — Dynamic RAM

When VH = 0, status operation is as in the 7220.

vH Blank Status Bit Definition
[ Status register bt 6 Blank
1 Status register bit Vertical Blenk

PH is the most significant bit (9) of the display pitch pa-
rameter. Use the PITCH command to set the lower eight
bits.

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

F Drawing Time Window
Drawing during active display time and retrace blanking
1 Drawing only during retrace
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Access to display memory can be limited to retrace blank-
ing intervals only, so that no disruptions of the image are
seen on the screen.

RESET2 IT [ 0 0 ‘ o o o 1 l
RESET3 l o 0 o o | 1 Ly [} 1 |
Both commands allow a reset while preventing reinitial-

ization of the internal sync generator by an external sync
source (slave mode).

SYNC Format Specify

S EONRRA L

The display is enabled by
a1, and blanked by 2 0.

4] oolchII‘nlals@MMwmbns
See below
AW

P2 =— Active Display Words per line.
" " Must be even number with
bito=0.
P3 VS, l HS

\ N e

Sync
Vertical Sync Width, low bits

l VS, ]——V!ﬂk:ll Sync Width, high bits

S
\

Front Porch Width

P5 |DH PH HBP |~s— Horizontal Back Porch Width
VK Vi VFP |=s— Viertical Front Porch Width
P7 AL, Active Display Lines per Video
= Field, low bits
Active Dispiay Lines per Video
P8 r vBP ‘ AL, Field, high bits

\ . Vertical Back Porch Width

This command also loads parameters into the sync gen-
erator. The various parameter fields and bits are identicai
1o those at the RESET command. The HGDC is not reset
nor does it enter idle mode.

Vertical Sync Mode

VSVNC:F 1 1 o 1 1 1|ﬂ

L——D-M External Vertical
Sync — Slave Mode

1_Generate & Output Vertical
Sync — Master Mode

When using two or more HGDCs to contribute to one
image, one HGDC is defined as the master sync genera-
tor, and the others operate as its slaves. The VSYNC pins
of all HGDCs are connected together.

Slave Mode Operation

A few considerations should be observed when synchro-
nizing two or more HGDCs to generate overlayed video
via the V/IEXT SYNC pin. As mentioned above, the Hori-
zontal Front Porch (HFP) must be four or more display
cycles wide. This is equivalent to eight or more clock
cycles. This gives the slave HGDCs 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 occurs just after
the end of the incoming VSYNC pulse, during the HFP
interval. Enough time during HFP is required to allow the
slave HGDC to complete the operation before the start of
the HSYNC interval.

Once the HGDCs are initialized and set up as master
and slaves, they must be given time to synchronize. Itis
a good idea to watch the VSYNC status bit of the master
HGDC and wait until after one or more VSYNC pulses
have been generated before the display process is
started. The START command will begin the active dis-
play of data and will end the video synchronization pro-
cess, so be sure there has been at least one VSYNC
pulse generated to which the slaves can synchronize.

Cursor and Character Characteristics
CCHAR:lT 1 [} ] 1 [] 1 A_1_]
L
L] l:‘ sel ] l LR

SYNC Enable

J__Limwchlrmonow—l

\ Display Cursor if 1
P2 BRA, l sC l CTOP Cursor Top line number
" M 2 L L in the row

[} —allnlung(:unor»
1 — Steady Cursor
Blink Rate, lower bits

o | oo

Cursor Bottom line number in
‘the row CBOT < LR

Psr caor
X

In graphics mode, LR should be set to 0. The blink rate
parameter controls both the cursor and attribute blink
rates. The cursor blink-on time = blini-off time = 2x BR
(video frames). The attribute blink rate is always one-half
the cursor rate but with a 3/s-on-1/a-off duty cycle. All
three parameter bytes must be output for interlaced
displays, regardiess of mode. For interlaced displays in
graphics mods, the parameter BR_ = 3.

When SE = 0, the HGDC, in slave mode, detects the
falling edge of EX. SYNC on the first frame. When SE =
1, the HGDC, in slave mode, detects the falling edge of
EX. SYNC on every frame.
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Display Control Commands
Start Display and End idle Mode

START: [0 1 1 o 1 [} 1 1
" " " A

The START command generates the video signals as
specified by the RESETX or SYNC command.

Display Blanking Control

BLANK1: l [ ] [} o 1 1 [ ]DE The display is enabled
. . N N by a1, and blanked by
0.

mma[o 0 o o o 1 o]

BLANK 2 does not cause the resyncing of an HGDC in
slave mode. BLANK 1 does cause the resyncing of an
HGDC in siave mode.

Zoom Factors Specify

ZOOM: I o 1 0 0 o 1 1 OJ
1 I n A n

PRt

[ 4] I DISP I GCHR
A \‘ " s i

Zoom factor for graphics
writing and area

filling
Display zoom tactor

Zoom magnification factors of 1 through 16 are available
using codes 0 through 15, respectively.

Cursor Position Specify
CURS: I o 1 [} [} 1 [} 0 1 J
[ 4] [ EAD ]‘* Execute Word Address,
P S 1 low byte
P2 L EAD ]—— Execute Word Address,
— a " . middie byte
P3 l dAD I WG o I EAD {Graphics Mode only)

J) N Word Address, top bits

\ Dot Address within the word
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 pixel of the
drawing; the dot address value specifies the pixel within
that word.

When the WG bit is set to one, any data following the
WDAT command is written as is. When the WG bit is set

to zero, the pattern written is determined by the least
significant bit of each parameter byte following the WDAT
command. This bit is expanded into 16 identical bits
which form the pattern.

Parameter RAM Load

“ |

L——~—~— Starting Address in

parameter RAM

PRAM: l 0 1 1 1 J
" " i

L I——Homtma!oboloadod
P into the parameter RAM

starting at the RAM address
L ]

specified by SA
From the starting address SA, any number of bytes may
be loaded into the parameter RAM at incrementing ad-
dresses, up to location 15. The sequence of parameter
bytes is determined by the next command byte entered
into the FIFO. The parameter RAM stores 16 bytes of
information in predefined locations which differ for graph-
ics and character modes. See the parameter RAM dis-
cussion for bit assignments.

®-—-»

Pitch Specification

PITCH: I [} 1 [} 0 0 1 1 1 ]
[4H r P
s P .

This value is used during drawing by the drawing proces-
sor to find the word directly above or below the current
word, and during display to 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 com-
mand, the RESET (or SYNC) command also sets the
pitch value. The *“active-words-per-line”’ parameter,
which specifies the width of the raster-scan display, also
sets the pitch of the display memory. Note that the AW
value is two less than the display window width. The
PITCH command must be used to set the proper memory
width larger than the window width.

l—— Number of word addresses
in display memory in the
horizontal direction
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Drawing Control Commands
Write Data into Display Memory

N Eanc

RAMW Memory cycle
Logical Operation:
[ 0 -==—— REPLACE with Pattern
0 1 ~a——— COMPLEMENT
1 0 —«——— RESET to zero
1 1 ~u——SETt01
————— Data Transfer Type:
0 0 —t¢————————— Word, Low then High byte
1 0 <————————LowByte of the Word
1 1 < High Byte of the Word
[ 1 - —— Invalid
P1 r WORD, ORBYTE Word Low Data Byte or
Single Byte Data value
Word transfer only:

P2 WORD,,

etc. N Migh Data Byte

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 previously specified direction.
More parameters can then be accepted.

For byte writes, the unspecified byte is treated as al
zeros during the RMW memory cycle.

In graphics bit-map situations, only the LSB of the WDAT
parameter bytes is used as the pattern in the RMW oper-
ations. Therefore it is possible to have only an all ones or
all zeros pattern. If the WG bit of the third parameter of
the CURS command is set to one, any byte following the
WDAT command is written as is. In coded character appli-
cations 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
parameters to set up the Pattern register while the other
commands use the stored values in the parameter RAM.
Like all of these commands, the WDAT command must
be preceded by a FIGS command and its parameters.
Only the first three parameters need be given following
the FIGS opcode to set up the type of drawing, the DIR
direction, and the DC value. The DC parameter + 1 will
be the number of RMW cycles done by the HGDC with
the first set of WDAT parameters. Additional sets of WDAT
parameters will see a DC value of 0 which will cause only
one RMW cycle to be executed per set of parameters.

Mask Register Load

v [ o]
e ]
nr. “ oo J

Low significance byte

Migh significance byte

This command sets the value of the 16-bit Mask register
of the figure drawing processor. The Mask register con-
trols which bits can be modified in the display memory
during a read-modify-write cycle.

The Mask register is loaded both by the MASK command
and the third parameter byte of the CURS command.
The MASK command accepts two parameter bytes to
load a 16-bit value into the Mask register. All 16 bits can
be individually one or zero, under program control. The
CURS command, on the other hand, puts a 1-0f-16 pat-
tern 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 to do
a MASK command at all since the CURS command will
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” operation.

Figure Drawing Parameters Specify

@F1.0.°.1.1.°4ﬂ

P [ST‘ ] ‘ A lGCl Ll lDllIJ_A‘——-Drlwlr\gDlrcc:ﬂonBase
b -

Figure Type Select Bits:
Line (Vector)
it i Cl
Arc/Circle
Slanted Cli

‘_—|—-' DC Drawing Parameter
—
for use in

Mixed Graphics and Character Mode

P4 d D, ‘<’ D Drawing Parameter
- . . N
]
P6 ( | D2, 4“——-02 Drawing Parameter
ro ] l D2, I;
. L L PR
X J——~D1 Drawing Parameter
0 ] ’ o1, P
N PR N
A_]‘—DM Drawing Parameter

DM, The parameters take on
N i " for

=
Lole] | .

X
/-3}
S

3
-]
-O

different ﬁgur; types.

) ) 90
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Valid Figure Type Select Combinations

m
Character Display Mode Drawing, Individual Dot Drawing, DMA,
WDAT, and RDAT
Straight Line Drawing
Graphics Character Drawing and Area Filling with Graphics Char-
acter Patiern

L R

>
8
-

Arc and Circle Drawing
Rectangie Drawing

Santed Graphics Character Drawing and Sianted
Aroa Filling

~lo| &6 |0 @

[
0
0
0
0
1

o |lo|l«| o (el e
- ole| =
o |ejel o |2} 0

L]

Only these bit combinations assure correct drawing
operation.

Figure Draw Start

0 1 1 [ 1 1 0 OJ

On execution of this instruction, the HGDC loads the
parameters from the parameter RAM into the drawing
processor and starts the drawing process at the pixel
pointed to by the cursor, EAD, and the dot address, dAD.

FIGD:

Graphics Character Draw and Area Filling Start

GCHRD:| 0 1 t [ 1 0 o 0 ]

Based on parameters loaded with the FIGS command,
this command initiates the drawing of the graphics char-
acter 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 from Display Memory

o [ o T [+ ]
-

—-——————--—Data Transfer Type:
0 ~=———— ——————Word, low then high byte

- — tLow byte of the Word only

1 —=———————————High byte of the Word only

o——o'

1 invalid

Using the DIR and DC parameters of the FIGS command
to establish direction and transfer count, multiple RMW
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 FIFO buffer
direction is reversed so that the data read from display
memory can pass to the microprocessor. Any commands
or parameters in the FIFO at this time will be lost. A com-
mand byte sent to the HGDC will immediately reverse the
buffer direction back to write mode, and all RDAT infor-
mation not yet read from the FIFO will be lost. MOD
should be set to 00 if no modification to video buffer is
desired.

Cursor Address Read

CurD: {1 1 1 0 o0 O 0 o

" " N n

The following bytes are returned by the HGDC through

the FIFO:
AD:|<— Execute Address (EAD),
i low byte

A8 L Execute Address (EAD),
middle byte

EAD,,

P3 l o o 2 0 0 o0 I - EAD, P; Execute Address (EAD),
o P high bits

P4 d dAD, ]4— Dot Address (dAD), low byte
P .

P5 I dAD, lL_ Dot Address (dAD), high byte
NN

The execute address, EAD, points to the display memory
word containing the pixel to be addressed.

The dot address, dAD, within the word is represented as
a 1-of-16 code for graphics drawing operations.

Light Pen Address Read

Lng;11ooooooJ

Thelfollowing bytes are returned by the HGDC through
the FIFO: :

l A7 LAD, AOJ-— Light Pen Address, low byte
" " N s

[ 313 LAD, AB Light Pen Address,

middle byte

lo 0o-0 0 o o[ LAD, |<—‘LingmAndms.mgnbyte

The light pen address, LAD, corresponds to the display
word address, DAD, at which the light pen input signal is
detected and deglitched.

The light pen may be used in graphics, character, or

mixed modes but only indicates the word address of light
pen position.

This Material Coovriahted Bv Its Respective Manufacturer

91



DMA Control Commands
DMA Read Request

o [ o [ ]

l_-———# Data Transfer Type:

0 0-=——————— Word, Low then High Byte
1 0 ~-—————— Low Byte of the Word
1 1 —«—————————High Byte of the Word

[ 1 s —————invalid

DMA Write Request

e [+ e [ o]

N
lH RMW Memory Logical Operation:
o 0 —=——— REPLACE with Pattern
[} 1 —=s—— COMPLEMENT
1 0 —~=—— RESET to Zero
1 1 ~«—— SET to One
| ett————————— Data Transfer Type:
¢ —«————————— Word, Low then High Byte
@ ~=————————— Low Byte ot the Word
{ —~«————————— High Byte of the Word

1 ~-——————————— Invalid

- AC Characteristics
Ta =010 +70°C; Vog = 5.0V £10%, GND =0V
6 MHz Limits 8 MHz Limits
Parameter Symbol Min Max Min Max Unit Test Cenditions
Read Cycie [OC <— CPU}
eg?ress setup to tAR 0 0 ns
Address hold from  tpa 0 0 ns
ROt
RD pulse width tRH1 trp1 +20  tagy — 12tk tRpt t 20 tpoy — 1/2tgk ns
Data delay from tao1 75 55 ns G =50pF
RDI
Data floating from  tpF 0 75 0 55 ns
RD1
D pulse cycle tRey 4Lk 4toLk ns
Write Cycle (60C —— CPU}
AWd;‘ress setup to taw 0 0 ns
Address hold from  twa 10 10 ns
WR!
WR pulse width tww 80 twey — tolk 60 twey —tclk NS
Data setup to WRT  tpw 65 45 ns
Data hold from WRT twp 0 10 ns
WR pulse cycle twey 4101k LTS ns
DMA Read Cycle (6DC ~—— CPU)
%\? setup to R 0 0 ns
DACK hold from ADt  tpy 0 "0 ns
RD pulse width thRe tppg + 20 tpp + 20 ns
Data delay from RD} tpp2 15tc.k +80 15tk +60 ns  CL=50pF
DREQ delay from tReq 100 75 ns  C_=50pF
2xWeLK!
DREQ setup to tok 0 0 ns
DACK!
DACK high-level tox toLk toik ns
width
DACK pulse cycle g 415 (1) dtgx (1) ns
%;H\E_(\J_?(ll delay from ko) toLk + 100 toLk + 80 ns C_=50pF
DACK low-level tk 210K 210K
width

) ) 92
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AC Characteristics (cont)
Ta=010+70°C; Vo =5.0V £10%; GND =0V

6MHz Limits 8MHz Limits
Parameter . Symbol Min Max Min Max Unit  Test Conditions
DMA Write Cycle (G0C ~— CPU)
DACK setup to tuw 0 0 ns
WR!
DACK hold from WRT twx 0 0 ns
RMW Cycls (6DC ~— Display Memory)
Address/data tap 20 105 15 80 ns C_=50pF
display from
2xweLkt
Address/data torF 20 105 15 80 ns C =50pF
floating from
2xweLK!
Input data setupto  tpg 0 0 ns
2xWCLK!
Input data hold from tpy toE tpe ns
2xWCLK!
DBIN delay from toE 20 80 15 60 ns  C_=50pF
2xWCLK!
ALE! delay from tha 20 . 80 15 60 ns  C_=50pF
2xweLk!
ALE! delay from tpe 20 65 15 50 ns  C_=50pF
2xWCLK! .
ALE high width taw 1/3to1k 1/3 toLk ns C_=50pF
ALE low width . 15tk —30 1510k — 30 ns
Address setup to tan 30 30
ALE}
Display Cycle {6DC ~— Display Memory)
Video signa! display typ 90 70 ns  C_=50pF
from 2xWCLK !
Input Cycle (GDC ~— Display Memory)
Input signal setup to  tpg 10 10 ns
2xWCLK?
Input signal width  tpw oLk oLk ns
Clock [2xWCLK)
Clock rise time tcp 15 15 ns
Clock fall time tor 15 15 ns
Clock high pulse toH 70 52 ns
width
Clock low pulse toL 70 52 ns
width
Clock cycle oLk 165 10000 125 10000 ns
Note:

(1) For high-byte and low-byte transfers: tg =5 tg) k.

93
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Capacitance
Ta = 25°C; Vec = GND = ov
 Lmits Test
Parameter symbol Min Typ Max Unit  Conditions
nput Capacitance Cm 10 pF
11O Capacitance Cwo 20 pE  fc=1MHz
Output Capacitance Cour 20 pF !‘a‘lm
Clock Input Capecitance Co 20 pF
DC Characteristics
Ta =0Cto +70°C;Vee = SV + 10%; GND = OV
Limits Test
Parameter Symbol  Ain Typ Max Unit Conditions
Input Low Voltage Vg -05 08 v O
Input High Voltage Vi 22 T Vect05 V@0
Output Low Voltage Vou 045 V  lo =22mA
Output High Voltage Vo 24 V. gy = —400uA
nput Low Leek Current _
(copt VSYNC,DAER) oM e
ey o
s e
Input High Leak Current | 0
(axcept " O e
mmww " 4500 sA
NDH) .
m"‘"“"‘ lov 10 wA Vo=OV
[
mﬁmw lon +10  pA Vo =Vec
Clock input Low Voltage Voo -05 06 v
Clock Input High Voltage ~ Ven 35 Vec+10 ¥
Ve Supply Current lec M mA

Notes: D For XWCLK, V), = ~05Vio +06V.
@ For XWOLK. Vjg = +3.9V1oVee +1.0V.
@ ForWH, Vyy = 25Vto Vg +05V.

Absolute Maximum Ratings* (Tentative)

Ambient Temperature under Bias 0°Cto +70°C
Storage Temperature -65°C to +150°C
Voltage on Any Pin with Resp ct to Ground -0.5Vto +7V
Power Dissipation 15w

« Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliabitity.

AC Testing Conditions
Input Waveform for AC Test (Except 2xCCLK)
22 22
24 Test Points ]‘((
0.45 / LY
08 08
Output Waveform for AC Test
2.!{ 5.0
X Test Points X
08 08
Clock Timing (2xCCLK)
35 35 /4
08 06

Timing Waveforms

Microprocessor Interface Write Timing

m:m—@

WhR:

DBO~T7:

High
° Impedance High Impedance

Valid

P ter

Microprocessor Interface DMA Write Timing

2xWCLK:

taca!
DREQ:

DACK:

HSYNC [

taeo [ tw

tox [*~teoom "1 tox

e 'ﬁ

taw

tu (WRT 10HSYNC 1) = teuc
1, (DACK | tOHSYNC 1) = toix

Microprocessor interface DMA Read Timing

2xWCLK:

ke
DREQ:

HSYNC /

— toes™]
y

DACK:

DBO-7:

High Impedance

—{tn

g
i
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Timing Waveforms (Cont.)

Display Memory Display Cycle Timing Display Memory RMW Timing
le—E1
2aweLk:
1 torke
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Timing Waveforms {Cont.)
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Timing Waveforms (Cont.)
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PACKAGE INFORMATION - a O- 2 o
L-—-—--—--—--—---.—..‘-’-’.
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g
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R - 18-Pin Ceramic Package
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18-Pin Plastic Package

NOTE: Package dimensions are given in-inches. To convert to millimeters, multiply by 25.4
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28-Pin Ploxtic Package

HOTE: Pachage dimenaiona are given in inches. To convert to millimeters, mulliply by 25.4.
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PACKAGE INFORMATION (Continued) B T-90-206
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NQTE: Package dimensions are given ininches. To convert to millimeters, multiply by 25.4.
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'PACKAGE INFORMATION (Continued) q '2
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44-Pin Plastic Chip Carrier (PCC)
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PACKAGE INFORMATION (Continued) [=0-206
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PACKAGE INFORMATION (Continued) 7-490-2 o]
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68-Pin Plastic Chip Carrier (PCC)
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84-Pin Grid Array (PGA), . View toward PC Board
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NOTE: Package dimensions are givenin inches. To convert to millimeters, mulliply by 25.4.
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