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82716/VSDD
VIDEO STORAGE AND DISPLAY DEVICE

Objects Allow Windowing or Animation
Resolution Up to 640 x 512 Pixels

Low Cost Graphics Capability
Minimum Chip Count Displiay Controller

Displays Up to 16 Bit Map and Up to 512K Bytes of Display Memory
Character Objects of Any Size Compatible with 8 and 16 Bit
On-Chip 16/4096 Color Palette Processors/Micro Controllers

On-Chip DRAM Controller Twin Mode Operation for Higher
On-Chip D/A Converters Throughput

Arbitration of Processor RAM Requests gg:aelglflllltli::temal Sync and Overlay
m NAPLPS and CEPT Compatible

82716/VSDD is a low cost, highly integrated video controller. it displays graphics and textual information using
a minimum of chips. It allows the management of up to 16 dispiay objects on the screen at any one time.
These objects may be formatted as bit map or character arrays and can be used for windowing or animation.

An on-chip color palette allows the selection of up to 16 colors, from a range of 4096. The palette can be
programmed to drive a set of on-chip D/A converters. The VSDD also provides DRAM controller functions.
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GENERAL DESCRIPTION

The 82716/VSDD is a low cost, highly integrated
VLSI CRT controller offering advanced display capa-
bilities for Videotex and color graphics displays. Its
internal architecture allows it to be connected to any
Intel compatible processor. The screen image is
constructed from various user-specified objects re-
siding in the VSDD memory (mapped into the proc-
essor's address space). Pixels are taken directly
from the memory for display on the screen. Charac-
ters are constructed employing user-defined RAM-
based character generators. The VSDD takes the
object data from its memory, buffers it, and runs it
through a color palette and D/A converters to pro-
duce a video signal. The VSDD also supports over-
lapped objects and transparent pixels.

In conjunction with appropriate software, the VSDD
can be compatible with such video standards as
NAPLPS, CEPT or custom configurations. Its multi-
window features and resolution make the VSDD
ideal for:

¢ Home Information Systems, TV's, VCR'’s, Games
and Home Computers

¢ Alphanumeric Color/Monochrome Terminals

* Real-Time Process Control Monitoring Equip-
ment

Videotex Terminals of the Alphageometric, Al-
phanumeric and Alphaphotographic Type

Automotive Displays
¢ Medical Electronics

Figure 1 shows the block diagram of the VSDD.

- FUNCTIONAL DESCRIPTION

Bus Interface Unit (BIU): BIU is the interface be-
tween the CPU and the VSDD. CPU accesses the
DRAM through the BIU.

Memory Interface Unit (MIU): It is the interface be-
tween the VSDD and the DRAM. MIU generates the
control signals and the row and column addresses
for DRAM.

Timing Unit: It consists of oscillator and clock gen-
erators. The Video and internal clocks are generated
by timing unit.

Sync Generator: The sync generator controis the
horizontal and vertical timings for raster generation
(HSYNC and VSYNC).

Pixel Unit: The pixel unit contains pixel formatting
unit as well as scan line buffers in which disptay in-
formation is placed for each scan line. It also con-
tains the color lookup table (color palette) ana D/A
converters (DACs). DACs convert the digital color
specifications to analog RGB signals for the monitor.

Task Scheduler: This unit is the control circuit of the
VSDD. it provides the control signals for internal log-
ic.

Address Computing Unit: It computes the ORAM
addresses.
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Figure 2. Simple System Configuration

7-2



intel

82716/VSDD

PRELIMINARY

———

SYSTEM OPERATION

The VSDD has 3 primary external interfaces: the
CPU interface, the dynamic RAM display memory in-
terface and the video pixel output.

The video subsystem looks like a memory to the
CPU. All communication with the video subsystem
occurs via that memory. The CPU develops display
objects in memory and the VSDD constructs the ac-
tual video signal for the display from that memory.
The CPU accesses the DRAM via the VSDD’s BIU
interface. The DRAM contains register segments
and display information. CPU access of the dynamic
RAM is controlled exclusively by the VSDD’s DRAM
controller.

The VSDD supports the simultaneous display of in-
formation from several sources. Each of these
sources is an ‘‘object” and is assigned a display win-
dow within the VSDD screen. The VSDD can display
up to 16 different objects. The size of each object
can vary from a few pixels to larger than the full
screen. The VSDD forms a scan line by gathering
object information into one of the two internal line
putfers. While one buffer is being updated with the
next scan line, the other buffer is being read out to
the color look-up table for display.

An object is defined as a list of pixels or string of
characters within the VSDD DRAM memory. Each
object is described by an entry, in the Object De-
scriptor Table (ODT) that contains positional infor-
mation, color, size and various other attributes. The
effective X-Y coordinates of an object can be
changed at any time, without touching the object it-
self, thus allowing independent object animation as
shown in Figure 3.

An object can be replaced by another object by
changing the pointer in the ODT, allowing the possi-
bility of many more objects in memory than on dis-
play at any one time.

Microprocessor Interface

The VSDD supports both 8 and 16 bit microproces-
sors and microcontroliers from all Intel compatible
families. It uses a multiplexed data/address bus.

The VSDD accepts Read (RD), Write (WR), Address
Latch Enable (ALE) and multiplexed Address and
Data Bus (ADO-AD15) input signals as well as the
Address 16 (A16) input. For 16 bit accesses the Byte
High Enable (BHE) input is also used. This allows
the VSDD to distinguish between 16 and 8 bit ac-
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cesses. If the VSDD cannot service the processor
request immediately, then it generates a ready sig-
nal (RDY) to extend the processor cycle. The VSDD
allows the processor to access up to 512 Kbytes of
display DRAM via memory mapping. CPU accesses
DRAM with a 16 bit address plus a chip-select input
A16 (maximum of 64 Kbytes of address space). A16
behaves like other address inputs. it should be ac-
tive low.

Arbitration of display memory access is carried out
internally by the VSDD. The processor normally has
priority over the VSDD Display Logic. Accesses
made by the CPU through the VSDD to the display
memory can impact VSDD’s scan line building pro-
cess.

When construction of a scan line is complete, the
VSDD enters an idling state to wait till the previously
constructed line is displayed. If display of the previ-
ously constructed line ends before construction of
the new line is complete, the remainder of the line
building algorithm is aborted. The VSDD’s Construc-
tion Time Overflow (CTO) signal is activated to indi-
cate this condition to the CPU. This can happen
when there are more objects on the line than the
VSDD has time to process or when CPU generated
accesses to DRAM take up too much of the VSDD’s
time. To avoid this the VSDD can be programmed to
allow only a certain (programmable) number of CPU
accesses to the DRAM during line construction.

After each frame the user is able to specify the num-
ber of high priority accesses (n = 0 to 15) that the
system processor may have during each line build-
ing process. Thus, n accesses from the system
processor will be serviced with minimum delay con-
currently with line buffer building. The (1 + n)th ac-
cess will be delayed via wait-states (RDY) until com-
pletion of the line buffer. Whenever the VSDD isn’t
constructing a horizontal line, system processor ac-
cesses will be serviced with minimum delay.

For the MCS-51 family the interface is slightly differ-
ent. This family has no RDY input and cannot be
temporarily halted during a memory access. In this
case the RDY output is programmed as a “Free Ac-
cess” indicator. The 8051 can test this bit to see if
the VSDD is using the memory and, if not, can gain
access immediately. Because the 8051 has no RDY
input, all read operations on the VSDD memory must
be pipelined. In this mode a single read access to
the DRAM requires two CPU read cycles. The first
one is to address the desired DRAM location, but
will not return data from that location. The second
read cycle can be to any DRAM location, but will
return the data that was addressed in the first cycle.
Less overhead is required for a series of reads: The
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first read cycle returns random data, but after that
each read cycle returns the data that was addressed
in the previous cycle.

Video Section

The VSDD receives raw data from its display memo-
ry and performs all necessary conversions and ma-
nipulations to convert the display data to RGB sig-
nals. Two line buffers are implemented in on-chip
dynamic RAM to store data from two complete scan
lines. While one scan line is being displayed, the oth-
er buffer is being filled with the data for the next line.

The line buffer has the capacity to hold, at the user’s
selection, up to 640 pixels at 4 bits/pixel or up to
320 pixeis at 8 bits/pixel.

4 bits/pixel are chosen if the display requires more
than 320 pixels/line. This is called the High Resolu-
tion mode. This mode is selected by setting the HRS
(High Resolution Screen) bit to 1.

The on-chip color look-up table [CLUT] contains 16
color entries defined by 12 bits (4-green, 4-red,
4-blue) for a possible palette of 4096 colors. The
RGB signals are generated by 3 internal DACs (Digi-
tal-to-Analog Converter) whose inputs are the 12
bits (4/color) from the color look-up table. The actu-
al data for color palette is stored in VSDD DRAM.
The color palette in external DRAM consists of 16
entries. Each entry is 16 bits long with the lowest 4
bits specifying the address of the entry in the CLUT
and the upper 12 bits specifying the color as shown
in Figure 4. Four bit pixel codes are used to address
the CLUT. The pixel code is matched with the iowest
4 bits of the CLUT entry and the pixel is given the
color specified by the upper 12 bits. The color corre-
sponding to the address 0010B is reserved for the
background. At the end of every frame, VSDD ac-
cesses this data to load the on-chip color look-up
table. The loading possibility at every frame allows
the user to make real time changes in the color pal-
ette.

in some applications it is necessary to overlay exter-
nal video signals. To support this the VSDD has an
Overlay output pin “OVR” which can be usea as a
fast switch signal to allow display of external video
instead of the VSDD output. The OVR pin is con-
trolled by the outputs of the color look-up table.
Whenever the color being displayed is RGB=111H
(0001 0001 0001B), the DAC driving the OVR pin
goes to ‘white’ level [OFH or 1111B]. Any other col-
or will cause the OVR pin to go to “black” level (00H
or 0000B).
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In a system where VSDD generated video will over-
lay video from an external video source, the “back-
ground" palette location 0010B would typically be
programmed with 111H. Then, whenever the back-
ground color is displayed, user-supplied logic will
switch in the external video source.

The overlay function is not available when the on-
chip D/A converters are bypassed.

A digital mode is also available. In this mode the
RGB and “OVR" pins provide direct digital outputs
from the pixel buffer bypassing the internal color ta-
ble and DACs. Up to 256 colors can be obtained in
this mode using 8 bits/pixel with external color table

On Chip Color Look Up Table (CLUT)

and DACs. in 8 bits/pixel mode the data is available
in two 4-bit nibbles. Low nibble always precedes the
high nibble. VSDD provides CKIO signal to latch low
and high nibbles using off-chip decoders as shown
in Figure 4. Digital mode is also available with 4 bits/
pixel.

Memory Mapping

The VSDD can support up to 5§12 Kbytes of DRAM.
The DRAM is organized as 256K words of 16 bits by
the VSDD for its own accesses. The VSDD allows
CPU to access up to 512 Kbytes of DRAM via mem-
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Figure 6. VSDD Memory Mapping
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ory mapping. The DRAM is organized as 4 banks of
64K x 16 words. Even byte-addresses are in the low-
er half of a word and odd byte-addreses are in the
upper half.

The VSDD provides two logical windows to map por-
tions of the processor address space into portions of
the VSDD-DRAM address space. In the CPU ad-
dress space, these windows are referred to as the
Data Window and the Register Window. In the
VSDD DRAM address space, they are referred to as
the Data Segment and Register Segment. Thus the
Data Window maps onto the Data Segment and the
Register Window onto the Register Segment. The
Windows are refocatable anywhere in the processor
address space. While the Data Segment is relocat-
able within the VSDD DRAM address space, the
Register Segment (32 bytes long) is fixed at VSDD

DRAM starting location 00000H. The length of the
Data Window/Segment can be specified from 4K to
64 Kbytes (Figure 6).

REGISTER SEGMENT

The register segment is the first 16 words (32 bytes)
of VSDD DRAM. These registers contain the basic
information for screen constants, DRAM organiza-
tion, timing and base addresses. These registers
have hardware counterparts on the VSDD. At the
end of each frame, VSDD reads register RO on to an
internal register on the chip. If bit UCF (Update Con-
trol Flag) in RO is set, the other registers will also be
written on to the chip. These 16 registers are orga-
nized in DRAM as shown in Table 1.

Table 1. Register Window Organization

VSDD
Byte Loc
R15 Horiz. Constant 3 Vert. Constant 3 1EH
R14 Horiz. Constant 2 Vert. Constant 2 1CH
R13 Horiz. Constant 1 Vert. Constant 1 1AH
R12 Horiz. Constant 0 Vert. Constant 0 18H
R11 - Access Table Base Address Counter (ATBAC) 16H
R10 Char Base Address 0 and 1 14H
R9 Color Table Base Address (CTBA) 12H
R8 Access Table Base Address (ATBA) 10H
R7 Object Descriptor Table Base Address (ODTBA) OEH
Ré Priority Access Quantity (PAQ) - O0CH
R5 Data Segment Base Address (DSBA) OAH
R4 Data Window/Segment Length Mask (DWSLM) 08H
R3 Data Window Base Address (DWBA) 06H
R2 Register Window Base Address (RWBA) 04H
R1 Video Configuration Register 1 (VCR1) 02H
RO Video Configuration Register 0 (VCRO) 00H
NOTE:

Where zeroes are shown in register locations, 0 must be written to those bits in order to ensure proper operation and

upward compatibility with any future versions of this device.
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RO: Video Configuration Register 0
15 14 13 12 11 10 9 8 ? 6 5 4 3 2 1 0

DS1 | DSO | DOF | HRS | DEN | SAB | DEI UCF|

DuthycIe BlinkvRate

Bit(s) Description

UCF Update Control Flag—

If set (1), all the registers will be used to update the VSDD at
the end of each frame. If not (0), only ATBA and VCRO will be
updated.

DEI Digitally Encoded Color Information—
If set (1), RGB and OVR outputs are digital.
it not (0), RGB and OVR are analog.

SASB Slow Access Bit—

If set (1), then slow DRAM (page cycle time = 210 ns) can be
used. If not (0), fast DRAM (page cycle time = 140 ns) can be
used.

DEN Display Enable Flag— ]
It set (1), the VSDD display is enabled.
if not (0), the VSDD display is disabled.

HRS High Resolution Screen—
If set (1), the maximum horizontal resolution is 640 pixels.
if not (0), the resolution is 320 pixels.

Blink Blink rate of selected objects is set from 8 frames to 256

Rate frames in multiples of 8 frames. For 50 Hz/60 Hz, this
transiates into blink rate increments of 160 ms/133 ms starting
from 6.2 Hz/7.5 Hz (code 00000) down to 0.20 Hz/0.23 Hz
(code 11111).

Duty The duty cycle of the blink rate can be selected as below:
Cycle 111 Always On

110+ 12.5% Off 87.5% On

101 25.0% Off 75.0% On

100 37.5% Off 62.5% On

011  50.0% Off 50.0% On

010 625% Off 37.5%On

001 75.0% Off 25.0% On

000 87.5% Off 12.5% On

7-8
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DS1 and DSO0 indicate the array size (16K, 64K or 256K) of the DRAM used to implement the.display memory.
DOF (DRAM organization flag) is used to indicate if the DRAM is bit-wide (DOF = 0) or nibble-wide (DOF =
1). See Table 2.

Table 2 ,
DS1 | DSO | DOF | Dram Configuration | 'Maximum ADDR Pins Used
pacity Row Col Bank Select
0 0 0 16K x 1 32 Kbytes 0-6 0-6 (None)
0 0 1 16K x 4 128 Kbytes 0-7 0-5 6,7 at CAS
0 1 0 64K x 1 128 Kbytes 0-7 0-7 (None)
0 1 1 84K x 4 512 Kbytes 0-7 0-7 8 at RAS, CAS
1 0 0 256K x 1 512 Kbytes 0-8 0-8 (Nons)
NOTE:

For 16K x 4, 2 bank select bits are emitted on address pin 6 and 7 when CAS goes low. By using external 2-to-4 decoders
up to 4 banks can be selected. For 64K x 4, two bank select bits. come out on address pin 8: one with the row address
(MSB) and one with the column address (LSB).

7-9
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R1: Video Configuration Register 1
15 14 13 12 11 10 9 8 7

INL | MAS [ SM | TMM [ TMS | O | EVC | PCE | FAE | RE | PSA | PRE

[ 4
o
L.
()
N
Y
o

Char peight
Bit Description
PRE Pipe'line Read Enable—Iif set (1), enables the pipeline read

mode: CPU read cycles always return data from the previous
read cycle. If not (0), then accesses are not pipelined.

PSA Pre Scaler Active—This bit defines the relationship between
the video clock frequency and the sync generator clock
frequency. (Figure 7). GCLK is used for programming
horizontal timings. If the video clock exceeds 16 MHz, the PSA
bit should be set (1). "

RE This flag, when set (1), enables the CPU to read data from the
display memory through 82716. If not (0), the output butfers of
the VSDD are disabled, thus preventing CPU from reading the

DRAM.

FAE Free Access Enable—Enables the RDY pin to act as a free
access indicator to the processor, if set (1).

PCE Priority Counter Enable—If set (1), enables the VSDD to limit

the number of CPU access to DRAM. Only valid with
processors that have wait states.

EVC External Video Clock—If set (1), it enables the CKIO pin to be
used as input for a video clock up to 25 MHz. If not set, CKIO is
a buffered clock output. (Figure 6)

T™S Twin Mode Slave—Used for twin mode. If set (1), it specifies
the VSDD as a slavs, displaying only the even lines.
™M Twin Mode Master—in twin mode if set (1), it specifies the

VSDD as a master, displaying only the odd lines and supplying
sync to slave. The combination TMM = 0, TMS = 0 means
twin mode operation is notinuse. TMM = 1, TMS = 1 is

Hlegal.

SM Sync Mode—lIf set (1), enables the HSYNC pin to operate in
composite sync mode. Otherwise HSYNC outputs horizontal
sync.

MAS Master—If set low, the VSDD accepts external synchronization
signals and locks to it via an on-chip PLL circuit.*

INL Interlace—If set (1), selects interlaced mode. If not (0}, selects
non-interlaced video.

Char These 4 bits encode the number of scan lines per character.

Height The number is encoded as a simple unsigned binary integer,

except that 0000 means 16.
* If set high (1), HSYNC and VSYNC are outputs.
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Figure 7. PSG Clock Generator

R2: Register Window Base Address (RWBA)
Reglster Wmdow Base Address R16 R5 0 | TF2 | TF1 | ME

l l l I
ME——Margm Enable When set (1), a margin (ln background coIor) can be added in a standard TV mode.

TF2,TF1 (Test Flags): If DEI = 1, then these flags determine what type of digital output is emitted. The output
options are summarized in the table below:

DEI TF2 TF1 Outputs Signals
0 X X Analog RGBO
1 0 0 Digital Reds Oniy*
1 0 1 Digital Greens Only*
1 1 0 Digital Blues Only*
1 1 1 Digital Pixel Code

NOTE:
*These three combinations can be used to test the on-chip color look-up table. The chosen combination selects one of the

color components to be output via the DV3~DVO0 outputs. The DEI bit has to be set to 1 to switch off the DACs.
R16-R5 specify the Register Window base address. This is the window (mapped into the CPU’s address

space) through which the CPU accesses the Register Segment of the DRAM. This register may be placed on
32 byte boundaries.
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R3: Data Window Base Address (DWBA)
D:lata Window W.1 6—W32 0 -Scrleen BolundaryJ SBQ-ISBS 1 0 0 0 '
I

)
T

SB9-SB3 Screen Boundary bits specify the upper 7 bits of the 10-bit x coordinate of the right edge of the
screen. VSDD would process pixels up to x = to this number with lower 3 bits taken to be 1s. No pixels will bg
processed which are to the right of the screen boundary.

W16-W12 bits specify the Data Window Base Address. This is the window through which the CPU accesses
the Data Segment of the DRAM.

R4: Data Window/Segment Length Mask (DWSLM)
L16 | L15 | L14 | L13 [ L12| O 0 0 0 0 0 0 0 0 0 (d

L16-L12 bits are the Data Window Length Mask, which specify the length of the Data Window in bytes, as
follows:

L16 L15 L14 L13 L12 Data Window Length
1 1 1 1 1 4 Kbytes
1 1 1 1 0 8 Kbytes
1 1 1 0 0 16 Kbytes
1 1 0 0 0 32 Kbytes
1 0 0 0 0 64 Kbytes

RS: Data Segment Base Address (DSBA)
Data Segment S16-S12 0 0 | BSO | BS1 0 0 0 0 0 0 0
i | | 4

BS1 BSO divide the 512 Kbyte-address space into four banks of 128 Kbyte each. Note however that only
bitmapped object data can reside in banks 1 through 3. All other display data such as character generators,
register segment, access table etc. must be written to bank 0.

$16-S12 bits specify the Data Segment base address in the VSDD's address space. The display data is
stored in the data segment. The data must be placed on the boundaries corresponding to the size specified in
the data window length mask (see DWSLM).

R6: Priority Access Quantity (PAQ)
0 0 0 0 0 0 0 0 0 0 0 0 <—l PA Q}Jamity -
. I

PAQ 4 bits indicate the maximum number of CPU accesses to the DRAM that are allowed during building of
each scan line, if PCE bit (in R1) is 1.

R7: Object Descriptor Table Base Address (ODTBA)
[ Objeclt Desclriptor Tlable B?se: A115—A6 . 0 0 0 0 0 0

}

This register contains the word base address of the object descriptor table in the VSDD’s address space. It is
accessed by the VSDD at the end of each frame. This table must reside in bank 0.

R8: Access Table Base Address (ATBA)
Accelss Tablle Basel Addrelss: B1 ?—BO

} ! l
—t-

]
=T T —t

| ! 1 } i
T T T t T
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B15-B0 bits specify the Access Table base address. This table resides in the bank 0 of the VSDD's address
space. This is a word-address. In a 256K word-address space, which requires 18-bit addresses, the two
highest bits, corresponding to B16 and B17, are 0. It is accessed by the VSDD on each frame.

R9: Color Table Base Address (CTBA)
Colczr Tabl? Base lAddresls: D1 51- Do

l } } ! i { i |
T t t T T T t t

D15-D0 bits specify the Color Table base address. Color table is located in bank 0 in VSDD memory. This is a
word-address. In a word-address space, which requires 18-bit addresses, the two highest bits, corresponding
to D16 and D17, are 0. it is accessed by the VSDD on each frame.

R10: Character Generator Base Address (CGBA)
0 0 0 0 0 0 0 0 1 Char lGenO ) 1 Char lGen1 .

Char Gen 0, Char Gen 1 bits specify bits 15 through 12 of the base address of the two character generators.
Bits 16 and 17 are O implying that both the character generators must be in bank 0. Refer to Character
Generator section on how to access the generators.

R11: Access Table Address Counter (ATBAC)
‘Accesls Tablel Addrelss Coulnter: 011 5-C0I

] Il i | ! i i }
T T T 1 t T t

T

C15-C0 bits point to the next Access Table entry to be used. It's maintained by the VSDD. The CPU can read
this value but should not write to it. C16 and C17 are 0 as access table must be in bank 0. It is incremented
after each scan line.

R12-R15: Horizontal and Vertical Constants

R15 HC3 VC3

— —
R14 HC2 VC2

—_— —_—
R13 HCt VGt

— —
R12 HCO VCo

— —_—

These registers hold data for screen timings. Four constants are defined for both horizontal and vertical
timings as follows:

Screen Constant What It Programs

HCO Width of HSYNC
HCA AHZ Start Time
HC2 AHZ Stop Time
HC3 Horizontal Sweep Time
vCo Width of VSYNC
VvC1 AVZ Start Time
vC2 AVZ Stop Time
VvC3 Vertical Sweep Time

The horizontal screen constants are programmaed in units of GCLK periods, offset by 1 (see Figure 7). If the
programmed constant is 5, the actual time is 6 GCLK periods.

The vertical screen constants VCO through VC3 are programmed in units of horizontal lines offset by 1. If the
programmed constant is 5, the actual time is 6 GCLK periods.
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Figure 8. Programmable Raster Parameters

ACCESS TABLE

The Access Table contains the vertical positioning
information for each object. The Table begins at the
location designated by the Access Table Base Ad-
dress register, R8 in the Register Bank. The Table
contains one word in DRAM for each scan line in the
Active Vertical Zone of the display.

The first line (at the top of the dispiay) is associated
with the word at the Table's base address. Within
each word, bit number | is the Access Flag associat-
ed with object number 1 in the display and has the
priority I. Object number 4 has a lower priority than
object number 5 (see Figure 9).

bo is the access flag for object 0, b1 for object 1,
etc.

The Access Flags indicate to the VSDD which ob-
jects are to be present on which lines of the display.
If an Access Flag is set (1), then there is to be no
change in the object’s display status; that is, if the
object did not appear on the previous line, it will also
not appear on this line. if the object’s Access Flag is
clear (0), the object's display status is reversed from
what it was in the previous line. All objects are dis-
abled at the end of the Active Vertical Zone.

An object is activated by putting a zero in the word
corresponding to the scan line on which the object is
first displayed. This turns on the object for all follow-
ing scan lines. The object is toggled off by putting a
zero in the scan line following the last line of the
object.

At the beginning of each frame, the VSDD writes the
contents of Access Table base address, R8, into Ac-
cess Table Counter, R11. At the end of each line
this counter is read into the Access Table Entry Ad-
dress Register (on the YSDD). This entry address is
then used to read the access flags for the line that is
to be constructed. Access Table Entry Address is
then incremented and written back into R11 prepar-
ing it for the next line.

Then the Access Flag Register is examined bit by bit
to determine if there is a change in any object’s dis-
play status. If object number | is to be displayed,
then its Object Descriptor field is read. The base ad-
dress for the Object Descriptor field for object num-
ber | is constructed from the Object Descriptor Table
Base Address register, R7, by concatenating bits
A15 through A6 from R7 with 4 bits representing the
number | (i = 0 to 15).

b15 | bi4 | b13 | b12 | b11 | b10 | b9 | b8

b7 | b6 | bS | b4 | b3 | b2 | b1 b0

Figure 9. Access Flag Register
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Then the Object Descriptor tield base Address is:
0 0 1A151A141A13.A12.A”.MO. A9 1 A8 . A7 . A6 1 i3 . 2 i 0 0 0

1

r T T T T T

An Object Descriptor field is 4 words long, and all 4 Bitmap Descriptor Field:

words are read, so the last two bits in the above

address are incremented to get all 4 words. Access N: Current Object Entry Address is the address of

Table and Object Descriptor Table must reside in the pixel data for the next scan line for the object. At

bank 0. the beginning of each frame, the VSDD copies Ob-
joct Base Address into this field. This is maintained

Different Access Tables may be defined at the same by the VSDD and should not be altered by the CPU.

time but only one is activated during any one frams.

The Access Table allows easy vertical scrolling of O: Object Base Address points to the beginning of

an object. If the object scrolls down, truncating takes the object's data base. This is a 18 bit address. Only

place by simply moving the window down and trun- low 16 bits are specified here. 017 and 016 are

cating the object when it moves off the screen. Mov- specified elsewhere in the descriptor field.

ing up the screen is similar except when the object

moves past the top of the screen, the object base W: Object Width indicates how wide the object is in

T T T T T

address must be incremented to point to the start of ‘64 bit words”. The width of the object must be a
the next displayed line. multiple of four 16-bit words. 000001 specifies a
width of 1 64 bit word”, 111111 a width of 63 64

OBJECT DESCRIPTOR TABLE bit words™.

The Object Descriptor Table (ODT) contains a 4-
word Object Descriptor field for each object in the
display. This field describes the base address, attri-
butes, and X-position of each object. This informa- . _
tion is initialized as well as updated by the system ?f&.g'::ra:m;’ F":grapbpbjte‘g /gpgcglgr&_C/ tB -
processor. The 16 available object descriptors (128 'ca b's tc aracter object. = Ulncicates a
bytes) are located contiguously in the ODT, starting 1imap object.
at the location specified by the ODTBA register. The
ODT is located in the VSDD DRAM.

X: X0 coordinate is a 10-bit signed number (2's com-
plement) encoding the horizontal position of the left-
most pixel in the object. X0 can be —512 to +511.

There are two types of objects: bitmapped and char-
acter. Their descriptor fields are as shown below.

Bitmap Descriptor Field:
Hi r::: Currlent Oblject Erl1try Adgress 5\11 5—N.0

i ] [l ]
t t t 1

4
s .

O: ObjectlBase {\ddresls O1 51—00

i I | l
1 t

W: Object Width X: X0 Coordinate

| | ] 1 |
t = 1 1

t0O| OJ O} OO |CB|Rt|RO| O |O17{016|OBL|BLA| O |TDE| Ct1 | CO
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R1, RO: Resolution: For a bitmap object, these 2 bits
specify how many bits each pixei takes up in VSDD
DRAM, as shown in the table below. HRS is a bit in
RO.

Bitmapped Objects (C/B = 0)

HRS Rt RO Bits/Pixel
0 0 o] Do Not Use
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 Do Not Use
1 0 1 Do Not Use
1 1 0 2
1 1 1 4

017, 016: Two highest bits of the object base ad-
dress.

OBL: Object Blinker = 1 causes the object to blink
between foreground and background color. The
blink rate and duty cycle are specified in RO in the
Register Segment.

Character Descriptor Fleld:

Z: Slice Number contains a character object’s slice
number for the next scan line. It is reloaded by the
VSDD once per frame with the slice number (YS3-
YS0).

N: For character object, it's the beginning address of
the current line of text. The entry address is formed
of O15-012 and N11-NO. Hence, a character ob-
ject may not extend across a 4K word boundary.
Two highest bits—0O17, O16—are zero for character
objects. Between each frame, lowest 12 bits of ob-
ject base address are written into N.

Y: Start Slice Number is the first (topmost) charac-
ter slice of this object. The CPU can modify this field
to produce a scrolling effect in the display of the
text. Y = 0 is the bottom of the character and Y =
Character height (defined in R1) is the top.

R1 RO: Resolution: For character objects, R1 and
RO speacify the width of the character, as shown in
the table below.

Character Objects (C/B = 1)

BLA: Blanker = 1 turns the object off i.e. the object HRS R1 RO Pixels/Char
is not displayed.
0 0 0 6
TDE: Transparency Detect Enable. If TDE = 1, 0 0 1 8
then pixels that are encoded as all 0’'s are not writ- 0 1 0 12
ten into the Line Buffers. The buffers will retain the 0 1 1 16
previous pixel data. Thus a low priority object will be 1 0 0 16
visible through the transparent pixels of a higher pri- 1 0 1 6
ority object. When TDE = 0, then pixels that are 1 1 0 8
encoded as all 0's are written into the line buffer. 1 1 1 12
*0000B" is then one of 16 color codes.
C1 CO0: Default Color Specification. For bitmapped
objects that are stored in external VSDD memory in
the 2 bits/pixel mode, these two bits extend the pix-
ol specification to 4 bits.
Character Descriptor Field:
HI | Z Slif:e No.I | 1 N: CL{rrent (l)bject Fntry A:ddres§ N11 -]NO 1 | l |
. ‘ 1 O: Objeclt Base lAddresls O1 51—00 l 1 1 . 1
VY: Objelct Width X: X0 Coordinate
LO ‘Y: Slicl:e No.l C/B| R1 | RO [CRS|PSE|FAD | OBL |BLA|HCR|TDE| C1 | CO
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FAD: Full Attribute Definition = 1 means character
descriptions are 3 bytes long. Each character is en-
coded as an ASCII byte plus a 2-byte attribute word.
FAD = 0 means character descriptions are 1 byte
long. '

CRS: Conceal/Reveal/Select. If FAD 1, then
CRS = 1 enables the MSK bit in the character’'s
attribute word to cause the character to be con-
cealed. If FAD = 0, then CRS selects one of two
character generators. CRS = 0 selects CGBAO as
specified in the register segment. CRS = 1 selects
CGBAT1.

PSE: Proportional Spacing = 1 enables proportional
spacing of characters.

HCR: High Color Resolution. If FAD = 1, then HCR
= 1 means use 16-color palette for characters and
their backgrounds. If FAD = 1, then HCR = 0
means use 8-color palette (see Attribute definition).
If FAD = 0, then HCR should be 0.

C1 CO: For character objects that are stored in ex-
ternal memory in the 1 byte/character mods, these
two bits become the MSBs of the foreground/back-
ground colors of the characters as shown below.

Foreground color = C1 C00 1
Background color = C1C000

OBJECT DATA

Objects are rectangular windows on the screen. Ob-
ject data begins at the Object Base Address speci-
fied in the “O” field of the Descriptor table. The
length of the data file depends on the object’s
height, width and resolution. The width of the object
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is specified in 4-word units by the ‘W’ field in the
Obiject Descriptor. For example, if the ‘W’ field con-
tains 001010 then the object is ten 4-word units
wide.

The VSDD will read in 10 X 4 = 40 words of object
data for each scan line in which the object appears.
For bit-mapped objects, the beginning address of
each block of 40 words is constructed from the ‘N’
field in the Object Descriptor. The ‘N’ field is updat-
ed for the next scan line after each block of data is
read.

For character objects, ‘N’ field is used to construct
the beginning address of a line of ASCII text. The
object itself may consist of many lines of text. Each
line of text consists of individual scan lines—each
scan line presenting one “slice” of the text charac-
ter. When the final slice of a line of text has been
constructed the ‘N’ field is updated to the next line
of text.

The Table 3 shows minimum and maximum width of
character and bit-mapped objects.

Table 3
Object Type Min. Width| Max. Width
Bitmap 2 Bit/Pixel | 32 Pixels |2016 Pixels
Bitmap 4 Bit/Pixel | 16 Pixels | 1008 Pixels
Bitmap 8 Bit/Pixel 8 Pixels | 504 Pixels
Character 1 Byte/Char| 8 Chars 504 Chars
Character 3 Byte/Char| 1 Char(2) | 168 Chars(!)

NOTES:

1. The last 16 bit-word of the object will not be used.

2. The minimum memory required is actually 4 x 16-bit
words. The second character can be eliminated by setting
its transparent attribute bit.

3. For 3 bytes/character objects, full memory utilization
can be obtained if the width of the object is a multiple of 12
words.
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For character objects, two formats are defined. The first is a 1 byte/character mode. In this mode 2 ASCII
character codes are stored in each DRAM word. The second format uses 3 bytes/character. They are formed
as follows:

1 Byte/Character
X156 X0
2nd Character 1st Character

A7:A6:A5:A4:A3:A2:A1:A0 A7:A6:A5:A4:A3:A2:A1:A0
¢ A7-A0 = Character ASCll Code

3 Bytes/Character
X15 X0

HI 2nd Character Attribute Field

1st Character Attribute Field

LO A7:A6:A5:A4:A3:A2:A1:A0 A7:A6:A5:A4:A3:A2:A1:A0
2nd Character 1st Character

The attribute field is formatted as follows:
CG|TFG|TBG|DW|MSK|INV|BLIJUND|FC3|FC2|FC1|FCO|BC3|BC2|BC1|BC0O

WHERE:
s A7-A0 8 bit ASCIl code or any other 8 bit character code.
¢ BC2-BCO Background color.

¢ BC3 (U/L) When HCR = 0, it specifies the upper or lower half of the character in double height mode.
When set (1), it specifies the upper half. If not (0), lower half is specified. When HCR = 1, itis
used as the MSB of the background color.

¢ FC2-FCO Foreground color.

*FC3(DH) When HCR = 0, it specifies the character to be double its normal height when set (1). When
HCR = 1, it is the MSB of the foreground color. When HCR = 0, and DH = 0, then U/L
must be set to 0. ‘

e UND If set (1), the character is underlined.

¢ BLI Enables the character to alternate between foreground and background color when set (1).

¢ INV If set (1), the foreground and background colors are reversed.

* MSK If set (1), the character disappears from the screen (when CRS = 1) i.e. foreground color is
same as background color. When CRS = 0, MSK attribute is ignored.

o DW If set (1), the character is expanded to double width.

* TBG Sets background transparent, when TBG = 1,

* TFG Sets background transparent, when TFG = 1.

*CG Selects one of two character generators.

Character Generators

The VSDD allows the simultaneous use of two independent character generators of 256 characters each. Bits
15-12 of their base addresses are specified in R10 in the Register Segment. Each character generator must
begin on a 4K word-address boundary in memory bank 0.
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The address for a character generator consists of four fields: See Figure 10

REGISTER SEGMENT

CHAR GEN

SELECTOR

R10 |+
+
ASCIl CODE AO
A17 Fr———————— s N
ool T 11T P01 1T 11T 1T H 11117
Mnmsnsmisrrarmgrs o amminsmsmmsed
Tz:sucs NO.
231680-9
Figure 10

A character set consists of H blocks of 256 words,
where H is the character height in scan lines. Each
character is divided into H slices with slice zero de-
fined as the bottom of the character and slice H-1 is
the top scan line of the character. Character height,
globally defined for the whole frame in register R1
can be up to 16.

Each slice occupies one word in DRAM. Within the
word, the slice is encoded as a sequence of pixel
bits, the leftmost pixel being the LSB in the word. if a
pixel bit is 1, then the pixel is to be given foreground
color. If a pixel bit is 0, the pixel is given background
color.

If the characters are encoded in plain ASCIl (FAD =
0), then the character generator is selected by the
CRS bit in the Object Descriptor. If the characters
are encoded with full attributes (FAD = 0), then the
character generator is selected by attribute bit CG.

As the characters are defined in DRAM, a new ver-

sion of the character generator can be obtained by

either:

— modifying the character generator directly or

— updating one set while the other set is being dis-
played. The set can then be changed by updating
the CGBA pointer in the register segment. This
method results in an instantaneous change on
the screen.

PICTURE CONSTRUCTION

VSDD supports, 2, 4 or 8 bits pixels. Up to 640 x 512
pixels can be supported using 2 or 4 bits/pixel. In
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the 8 bits/pixel mode, a picture size of 320 x 512
can be supported. In this mode only the lower 4 bits
of the byte are used by the color look-up table, the
upper four are ignored. In digital mode, using 8 bits/
pixel 256 colors can be obtained with external color
palette and DACs.

The VSDD starts picture construction at the begin-
ning of the frame using the logic flow shown in Fig-
ure 11.

At the beginning of each frame, the contents of Ac-
cess Table Base Address, R8 is copied into R11,
Access Table Counter. Simultaneously, the VSDD
also loads the color look-up table from the DRAM
into the on-chip color look-up table. This feature en-
ables the user to select a different set of 16 colors at
every frame.

After each scan line, R11 is loaded into an on-chip
register, Access Table Entry Address Register by
the VSDD. The on-chip register (Access Table Entry
Address) points to an access table entry for the line
that is to be constructed. The VSDD reads this entry
into an on-chip register called the Access Flag regis-
ter. (R11 is then incremented by 1 to point to the
access table entry for the next scan line.) (Simulta-
neous to this operation, the VSDD fills the line buffer
with the specified background color.) Each access
table word contains 16 flag bits—one for each ob-
ject. Access flags determine which objects are pres-
ent on the line. Object priorities are fixed with object
15 being the highest and object 0 being the lowest.
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Figure 11. Scan Line Building Process

If an object is present, then its object descriptor data
is read from the VSDD DRAM. This determines the
object's width, horizontal position, type and where to
find the display data for this line of the object. For
bit-mapped objects the display data passes directly
from the VSDD DRAM into the line buffer.

For character objects, the data passes via a charac-
ter generator into the line buffer. The appropriate
slice of character pixel information is written in the
appropriate horizontal position in the line buffer.
Both character and bit-mapped data overwrites the
background pixels that were previously written into
the buffer.

This procedure is repeated for each object that is
present on the line. For overlapped objects, the high
priority data overwrites the low priority data. Low pri-
ority object will be hidden behind the high priority
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object. The priority of objects are determined by the
order in which they are written into the line buffer.
For example, the object number 5 has higher priority
than the object number 4. Object number 1 is de-
scribed in the first Object Descriptor Table entry, ob-
ject number 2 in the second entry, etc. Transparent
Pixels (0000B, when TDE bit is set) are not written
into the line buffer. Previous pixel data is retained at
the location where transparent pixels are present.
Thus a lower priority object can still be visible behind
the transparent parts of a higher priority object.

The construction process may result in more pixels
being read from the DRAM than are actually dis-
played on the line. Since only a finite time exists for
line construction, it is important that the number of
objects and the amount of overlap between the ob-
jects be considered when examining display per-
formance.
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When construction of each line is complete the
VSDD enters an idling state to wait till the previously
constructed line finishes being displayed. If display
of the previously constructed line ends before con-
struction of the new line is complete, the remainder
of the line construction algorithm is aborted, and the
VSDD's Construction Time Overflow signal is acti-
vated to indicate this condition to the CPU.

Construction time overflow can result when there
are more objects on the line than the VSDD has time
to process or when CPU-generated accesses to
DRAM takes up too much of the VSDD’s time.

Figure 12 shows the VSDD and DRAM operation
during line building process.

REPEATED FOR EVERY FRAME
REPEATED FOR EVERY SCAN LINE )
REPEATED FOR EVERY OBJECTR16
l DMA OBJECT DATA TO LINE BUFFER
l v
REGISTER ACCESS OBJECT DESCRIPTOR OBUJECT
SEGMENT TABLE UPTO TABLE  16x DATA
16x16 512x16 (4x16)
OBJECT 1 ~> . BIT MAPPED DATA
- 2 x 256 CHARACTERS |
FRAME ~ OBJECT 2 &~
CONSTANTS = ‘ CHARACTER
' Ascl GENERATOR
' DATA
L—' r~
f_J
DISPLAY DRAM
- TE oo SoeTooeeSe oo eoooeseagsoeeees e e ehhoeoeeb eerseo oo
VSDD E_.|
® @116
ACCESS
16 FLAGS 16 16
16
(el oy oy
ACCESS OBJECT OBJECT CHARACTER PIXEL LINE
TABLE TABLE DMA PROCESSING BUFFER
ADDR BASE ADDR ADDRESS UNIT
231680-11

Figure 12. VSDD and DRAM Operation

7-21



intel 62718/VSDD PRELIMINARY

Movement of objects is accomplished easily in the x
direction by changing the value in the object descrip-
tor. Movement in the y direction is accomplished by
moving the bits which turn the object on and off with-
in the access table. If the “off” bit falls below the
bottom of the access table, the object will automati-
cally be truncated at the bottom of the screen. Mov-
ing in an upwards direction requires that the object
base address in the desciptor table be changed to
truncate the top of the object.

TWIN-MODE OPERATION

For higher performancs, it is possible to connect two
VSDD chips in parallel. One of them is designated
as the master and the other as the slave. The mas-
ter generates information for the even lines of the
display together with all the system timing. The slave
accepts the synchronization pulses as inputs and
displays the odd lines of the picture. Because each
VSDD is essentially constructing half the picture, the
scan line construction time is twice as great, allow-
ing higher throughput in terms of information pro-
cessed and objects displayed.

Pin Description

PERFORMANCE

The number of objects that a VSDD can support on
a scan line is dependent upon the screen resolution,
refresh rate, DRAM type, and resolution per object.
In addition, the percent overlap of each object can
affect the performance. Usually the amount of over-
lap can be kept to a minimum by keeping the object
window only as large as necessary.

VIDEOTEX STANDARDS

The VSDD has been designed for these types of
application. It can support several Videotex stan-
dards from Europe, North America and Japan. Al-
though it has been optimized for alpha-geometric
applications such as NAPLPS, GKS, and VDI, it is
capable of supporting the existing alpha-mosaic
standards and the higher resolution alpha-photo-
graphic standards. it supports most of the European
CEPT standard that includes PRESTEL and TELE-
TEL by using static character objects. In addition it
offers bit-map objects and movement. Alpha-photo-
graphic standards such as Picture PRESTEL and
Picture TELETEL can be supported in 8 bit pixel
mode with the addition of external color translation
and higher resolution hardware.

Symbol Pin Type Function

ADO-AD7 1-8 i/0 Processor system bus multiplexed address/data.

AD8-AD15 10-17

A16 18 | Programmable chip select.

BHE 19 I Byte high enable.

ALE 20 | Address latch enable.

RD 21 | Read strobe from processor.

WR 22 I Write strobe from processor.

RESET 29 | Places the VSDD in initialization mode.

RDY 30 0 Ready-wait state for 86/88/96 and free access
indicator for MCS-51. ,

R/DV3, G/DV2 23,24 o] Red, green, and blue analog outputs or

B/DV1 25 3 bits of digita! output.

OVR/DVO 28 o Output signal or fourth digital output.

VREF 27 | Analog voltage reference.

HSYNC 32 1/0 As an output it supplied horizontal or composite
sync. As an input it synchronizes the VSDD with an
external video signal.

VSYNC 33 1/0 As an output it provides vertical sync. As an input it
synchronizes the VSDD to external video.

DLO-DL? 34-41 /0 Data input/output to DRAM iow order byte.

DHO-DH7 42-50 i/0 Data input/output to DRAM high order byte.

ADDRO-ADDRS8 59-51 0 DRAM row and column addresses.

RAS 62 0 Row address strobe.

CcTO 65 o Construction time overflow.

CASL 63 0 Column address strobe low.

CASH 64 0 Column address strobe high.
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Pin Description (Continued)
Symbol Pin Type Function
WE 61 o} Write enable.
XTALIN 66 | Oscillator input or crystal terminal.
XTALOUT 67 o] Oscillator output or crystal terminal.
CKIO 68 0O/l As output it serves as a buffered dot clock. As an
input it is used to receive external dot clock.
PLLCTL 31 o) PLL control used to fine tune oscillator
Vee 26, 60 5 volt main supply.
Vss 9,43 Digital ground.
PACKAGING

Pinout for a 68-pin Pin Grid Array Package is shown below.

WR/ G/OV2 VCCY OVR/DVO RDY HSYNC DLO

AD135

AD13

AD11

AD9

VSst

AD6

AD4

AD2

ADO

aerrrrrrerreihlh

A1 ALE

@ @ ® @

RD/ R/DV3 B/DVI VREF  RST PLLCTL VSYNC  DL2
@O |
@ “@® Q@
@Amz DL6 @ LS
@ADlO ouo@ @ DL?
AD8 8\'252,01[’6 DH1 @ @ vss2
s (@) (@) |
AD5 PINOUT DIAGRAM DH5® @ DH4

9/26/85 REV 1/0 v

BOTTOM VIEW
oL o0 (@) @ [
OO @|ww
AD1 XTALOUT CTO CASL/ WE/ ADDRO ADDR2 ADDR4 ADDR6
O ® 6 ®®
CKIO XTALIN CASH/ RAS/ VCC2 ADDR1 ADDR3 ADDRS ADDR7

23188012
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PLCC PACKAGE

Pinout for a 68-pin plastic leaded chip carrier is as below:

N M ¢ v N~ 0 e - ¢ »n X w0
s 8 B 3 8 8 X YU 8B 3535 858 & &
« « ' q « « « « > -« « < L4 « 4 o« «
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
T U U uuuguygl
CKIO 68 cH 18 At
XTALOUT 67 =} 19 Bre/
XTALIN 66 o} 20 e
cT0 65 H 21 ro/
CASH/ 64 =} 22 wr/
CASL/ 63 l:a 23 R/DV3
RAS/ 62 =} 24 c/0v2
82716
WE/ 61 32718 cH 25 e/ov1
Vee2 60 VIEW =} 26 vect
ADDRO 59 =} 27 vRer
ADDR1 58 =} 28 ove/ovo
ADDR2 57 :i 29 RESET
ADDR3 56 :g 30 RDY
ADDR4 55 e} 31 pLcT
ADDRS 54 cf 32 Hsvre
ADORS 53 cH 33 vsmie
ADDR7 52 cf 34 oL0
SO 49 48 47 A6 A5 44 43 42 41 40 33 38 37 36 35
TR R R R E R EE R
(=] =1 (= Q o [=] a 9 [=% (=] Q Q Q Q [=1 [=]
231680-13
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0to 70°C
Storage Temperature .......... —-65°Cto +150°C
Voltage from any Pin

with RespecttoVgg ............ -1.0to +7.0V
Power Dissipation .....................ooo 0 3w

D.C. CHARACTERISTICS T = 0t0 70°C, Vcg1/Vege = +5V £10%

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

Symbol Parameter Min Max Units Test Conditions

VREF Reference Voltage 2 Vv Typ = 1.0V

RvRer Source Impedance of Vrgr 200 Q

VoH Output High Voltage 24 ' loH = —400 uA

VoL Output Low Voltage 0.4 \ loH = 20mA

ViH Input High Voltage 2.0 Vee + 0.5V \

ViL Input Low Voltage -0.5 0.8 \

Vinc) Input High Voltage Clock 3.5 Vee + 0.5V \

ViLcth Input Low Voltage Clock -05 0.8 v

Iy Input Leakage Current +10 HA 0V < V|N < Voo

ILo Output Leakage Current +10 pA 0.45V < Vour < Vco

fcc Power Supply Current 300 mA

CiN Capacitance of Inputs 10 pF fe = 1 MHz

Co Capacitance of I/0’s 15 pF fc = 1 MHz

Cout Capacitance of Outputs 15 pF fc = 1 MHz
RAS, CASL, CASH, WE, OE

Cout Capacitance of Outputs 10 pF fc = 1 MHz

Cout Capacitance of Outputs pF fo = 1 MHz
(R/DV3, G/DV2, B/DV1, I/DV)

Cras RAS Load 200 pF

Ccas CACSn Load 100 pF

Cwe WE Load 200 pF

Coij DLO-DL7 100 pF
DHO-DH7 Load

CapD ADDO-ADDS Load 150 pF

NOTE:

1. For XTALIN, CKIO and RESET pins only.
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Inter 82716/VSDD PRELIMINARY

A.C. CHARACTERISTICS T4 = 0t0 70°C, Vco1/Vegz = +5V £10%

TIMING REQUIREMENTS

Symbol Parameter Min Max Units Test Conditions
tcLoL CLOCK Cycle Period 70 200 ns
DCCK Duty Cycle 40 60 %
tcLeH CLK Low Time 0.4 tcroL ns
tcHoL CLK High Time 0.4 toLoL ns
tvcLeL VIDEO CLOCK Cycle Period 40 200 ns
DCVCK Duty Cycle 40 60 %
tvCILIH Video Clock Rise Time(1) 10 ns From 1.0V to 3.5V
tVCIHIL Video Clock Fall Time() 10 ns From 3.5V to 1.0V
tiLiH Input Rise Time 20 ns From 0.8V to 2.0V
tiHIL Input Fall Time 20 ns From 2.0V to 0.8V
NOTE:

1. Timings defined for CKIO in input mode.

f teLeL '
XTALIN
INPUT
teLen tenel

Diagram 1

231680-25
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lnte[ 82716/VSDD PRELIMINARY
BUS INTERFACE UNIT
CPU WRITE CYCLE TIMINGS
Symbol Parameter Min Max Units Note
tLHLL ALE Pulse Width 35 ns
tave(h Address Set-Up Time 16 ns
tLLAX Address Hold Time 25 ns
tAvwL Address Valid or ALE HIGH 75 ns
(whichever is later) to WR LOW
tavyL Address Valid or ALE HIGH 100 ns
(whichever is later) to RDY LOW
twLov Data Valid after WR LOW 8tcLoL ns
=100
twiyH WR LOW to RDY High 14toLoL ns
+100
tWLWH WR Pulse Width 2tcLcL ns
+20
twHDX Data Hold Time After WR High 0 ns
twLLH W_ﬁ Low to ALE High of Next 18tcLcL ns
RD/WR Cycle +100
NOTE:
1. Chip select input, A16, has the same timing spec as the other address inputs.
e~ tLHLL —
ALE _/
- tAVLL ] tLLax
ADBUS g R X X DATA ) )
tavyL
RDY N }’
tavwi twLov
e tWLYH ——]
WR /
231680-14

CPU Write Cycle Using Ready to Generate WAIT States
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lnter 82716/VSDD PRELIMINARY

re— YLHLL —+

we

e taviL = Y ax
ADBUS { aor X X DATA 3
tavwL twLov twHDX
tWLWH
T \ )
Wi ——
231680-15
CPU Write Cycle Not Using Ready
CPU READ CYCLE TIMINGS
Symbol Parameter Min Max Units Note
taLYH RD LOW to RDY High 19tc oL ns
+ 100

tavyH Data Valid to RDY High 0 ns
tRHQZ Data Float Time after RD 40 ns
trLQv RD LOW to Data Valid 10 40 ns

(PRE =1)
tRLRH RD Pulse Widtn 2tcLoL ns

(PRE =1) +20
tRLLH RD LOW to ALE High of 18tcLcL ns

Next RD/WR Cycle +100
tAVRL Address Valid or ALE High 75 ns

(whichever is iater) to RD LOW

o tLHLL —
ALE _/ \
e tAVLL tLLax
AD {  ADOR C x X DATA 3
tavrL tQvyH |—- le—={ {RHQZ
ROY N 7
tAVRL —————=f+—— ‘RLYH ——
RD /
231680-16

CPU Read Cycle Using Ready to Generate WAIT States (PRE = 0)
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.
Inter 82716/VSDD
ro— YLHLL —
ALE }‘ \
- tAVLL YLAX
AD t ADDR ATA(FROM PREVIOUS READ CYCLE)
taAvRL trLav tRHQZ
le————— RLRH -
RD \ 7

fo—————RUH ——— [ —

231680-17

CPU Read Cycle Not Using Ready (PRE = 1)

DRAM CONTROLLER

READ CYCLE
[Symbol Parameter SAB = 1 SAB = 0 Unltl}
Min Max Min Max

tRC Random Read Cycle Time 5 tclel — 20 4 tclcl — 20 ns
trer  |Refresh Time

128 Cycles Note 1 Note 1 ms

256 Cycles Note 2 Note 2
trp RAS Precharge Time 2tclcl — 20 2 tclcl — 20 ns
tecpn  [CAS Pracharge Time 3tclcl — 40 3tcicl — 40 ns

(Non-Page Mode)

acp  |RAS to CAS Delay Time tclcl — 10 tclel — 10 ns
trsH  |RAS Hold Time 2tclel — 5 tclel — 5 ns
tcsH  (CAS Hold Time 3tclel — 15 21clel — 15 ns
tasr  |[Row Address Set-Up Time tclech — 15 tclch — 15 ns
traH  |Row Address Hold Time tchel — 10 tchcl — 10 ns
tasc  [Column Address Set-Up Time tcich — 10 tclech — 10 ns
tcaH  [Column Address Hold Time tchel — 5 tchel — 5 ns
tar  [Column Address Hold to RAS|3 tclcl + tchel — 20 2tclcl + tchel — 20 ns
tras  |RAS Pulse Width 3tclel — 15 2tclcl — 15 ns
tcas [CAS Pulse Width 2tclcl — 5 tclel — 5 ns
tcre  |CAS to RAS Precharge Time 2 tcle! — 50 2tclcl — 50 ns
tcac  |Access Time from CAS 2 tclel — 10 telel — 10| ns
trac  |Access Time from RAS 3 tclcl — 30 2tcicl - 30| ns
torr  |Data-In Hold Time 0 0 ns
NOTES:

1. (128/(12 * scan line time)) + 10,000 tclcl
2. (256/(12 * scan fine time)) + 10,000 tclel
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Inter 82716/VSDD
tre
tRAS trp
RAS \ { S
\ tcsH
CRP - R
.’ trRco tRsH , CPN
. CAS
eAS /T AL\ Y / e
tAR
tASR s “tRAH’1 |———l‘Asc l— tean —]
ADDRESS ) Row ADORESS J{' ) COLUMN ADDRESS
WE HIGH LEVEL
— torr
DATA IN VALID DATA
teac
trac
231680-18
Read Cycle
WRITE CYCLE
Symbol Parameter SAB = 1 SAB = 0 Units
Min Max Min Max
tRc Random Write Cycle Time 5 tclel — 20 4 telcl — 20 ns
tras RAS Pulse Width 3telel — 15 2tclcl — 15 ns
tcas CAS Pulse Width 2tclcl — 5 tclcl — 5 ns
twp Write Command Pulse Width 3tclel — 20 2tclcl — 20 ns
twcs Write Command Set-Up Time tclech — 10 tclch — 10 ns
twcH Write Command Hold Time 2 tclel + tchel — 40 telel + tchel — 40 ns
to CAS
twecr Write Command Hold Time 3 tclel + tchel — 40 2 telel + tchel — 40 ns
to RAS
tRwL Write to RAS Lead Time 2 tclcl + telch —40 tclel + tcich — 40 ns
towL Write to CAS Lead Time 2 tclel + teich — 40 tclel + tclch — 40 ns
tos Data-Out Set-Up Time telel + tclch — 50 tclel + tclch — 50 ns
toH Data-Out Hold Time 2 telel + tehel — 20 tclel + tchel — 20 ns
tOHR Data-Out Hold Time to RAS | 3 tclcl + tchel — 20 2 telel + tchel — 20 ns
tr, tr Rise, Fall Time RAS, CAS 5 40 5 40 ns
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intel 82716/VSDD PRELIMINARY
tre
tRAS F: trp —
RAS N N
tcsH
QCRPW I tReD trsH ‘c tepn
e 1. NN AS !
AR
tasr s = ‘RAH I"—’"ASCI re— tCAH —=
ADDRESS ) Row ADDRESS JC )L COLUMN ADDRESS
' ' tRwL ‘c
WL
~ twes b [l——twen—
w1\ twp Y/
twer
l-—‘os»l p— QDH——‘—’t
ce D & X
tOHR N
231680-19
Write Cycle
PAGE MODE
Symbol Parameter SAB = 1 SAB = 0 Units
Min Max Min Max
tpc Page Mode Read Cycle | 3tclicl — 15 2 tclel — 15 ns
tcp CAS Precharge Time tele! — 16 tclel — 15 ns
tcas CAS Pulse Width 2tclcl — 5 tclel — 5 ns
tRPM RAS Pulse Width 96 tclcl — 5 65 tclel — 5 ns
treM F tap q
iA_ £ &
‘ASH ] 4 J
Pal i
‘cRP —pC tRSH tceN
+— tRep ——* *c tcp = o *c
ch-/T Q\ AS"'P‘H" s - ASj, \_
le— taR
tasc tasc tasc
tasr f= "'RAH*] r.cm r:— tean Fooo | tcaH -
ADDRESS )X Row ADOR J( JLCOLUMN ADDR coLumn aporK - McoLumn aoorK
—-l‘orr--—
WE X
DATA \
IN /
teac—= | teag— e
trac
231680-20
Page Mode Read Cycle
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[ ]
intgl 82716/VSDD
VIDEO OUTPUT TIMINGS
Symbol Parameter Min Max Units Comments
XHCH XTALIN High to 60 ns EVC =0
CKIO High HRS = 1
oL XTALIN Low to 70 ns EVC =0
CKIO Low HRS = 1
75 ns EVC =10
HRS =0
x| cH XTALIN Low to 80 ns EVC =0
CKIO High HRS = 0
txppD Digital Data Delay 30 ns EVC =0
HRS = 1
35 ns EVC =0
HRS =0
55 ns EVC =1
HRS = 1
o f_\_/'_]t_
— txreL
CKIO
(ouTPUT)
DV3~DVO
231680-21
Video Output Timings
HRS = 0 ,-—: ,——:'
EVC = 0 XTALIN
"—‘XLCH el
CKIO
(oUTPUT) A
DV3=DVO
231680-22
HRS = 1 I
CKIO
EVC = 1 (NPUT) -/_}__/—\—
tood
DV3-DVO
231680-23

Video Output Timings
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inte[ 82716/VSDD PRELIMINARY
DAC SPEC
Symbol Parameter Min Max Unit Test Condition
VREE Reterence Voltage 20 \ typ = 1.6V
Linearity Y2 LSB VRer = 1.6V 5%
ts Settling Time 20 ns Max Load = 10 pF
SYNC SPEC
tHsYN HSYNC Delay from XTALIN 150 ns
tvsyN VSYNC Delay from XTALIN 150 ns
torF1 Dead Zone between Two Active 120 telel ns
Horizontal Zones
tpLL PLLCTL Valid Delay from HSYNC 100 ns

teLeL '

X/

HSYNC L/ V
thsyN Heo HC3 |
AHZ i
- HC1 -’] torF
HC2
VSYNC j /
tysyn
teeL
PLLCTL &
231680-26
Sync Specs
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