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FEATURES

« Pixel rate salectable as 8, 12, 16, or

24 MHz

Serializes data to 1-, 2-, 4-, or 8- bits
per pixel

16 x 13-bit words - 4096 color lookup
palette

Three 4-bit DACs (ons for each CRT
gun)

Fully programmable screen parame-
ters

Seraen border in any of the 4096
possible colors

.

« Flexible cursor sprite
« Support for interlaced display format
« External synchronization capability

Very high resolution monochrome
mode support

High quality stereo sound generation

RISC VIDEO CONTROLLER (VIDC)

DESCRIPTION

The Video Controller (VIDC) accepts
video data from DRAM under DMA
control, serializes and passss it through
| color look-up palette, and converts it
to analog signals for driving the GRT
guns, The chip also controls all the
display timing parametars plus the
position and pattern of the cursor sprite.
In addition, the VIDC includes an
exponential DAC and stereo image
table for the generation of high.quality
sound from data in the DRAM.

The VIDC requests data from the RAM
whoen required, and buffers.it in one of
three first-In, first-out memories
(FIFOs). Note that the addressing of
the data in RAM Is controlled elsewhere
in the system (usually in the VL8EC110
Mamory Controller, MEMC). Datalis
raquested in blocks of four 32-bit words,
allowing efficient use of page-mode
DRAM without locking up the system
data bus for long periods.

The VIDGC is a highly programmable de-
vice, offering a very wide choice of dis-
play formats. The pixel rate can be se-

lected in a range between 8 and 24
MHz and the data can be serlalized to
aithar 8-, 4-, 2-, or 1-bit per pixel. The
horizontal timing parameters can be
controlled to units of 2 pixels, and the
vertical timing parameters can be
controlled in units of a raster. The color
lookup palette which drives the three
on-chip DACs is 13-bits wide, offering a
choice from 4096 colors or an external
video source.

" Extensive use Is made of pipslining

throughout the device.

The cursor sprite is 32 pixals wide, and
any number of rasters high. Three
simultaneous colors (from the 4096
possible) are supported, and any pixel
can be defined as transparent, making
possible cursors of many shapes. The
cursor ¢an be positioned anywhere on
the screen.

The sound system implemented on the
device can support up to eight chan-
nels, each with a separate stereo
position.
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VL86C310

SIGNAL DESCRIPTIONS

Signal Pin Signal

Name Number  Description

CKIN 19 Clock In (TTL level input); Master 24 MHz system clock input - Usually this is the same signal as the

-ViDW

D31-DO

-VDRQ

~VDAK

-SDRQ

~SDAK

FLBK

SINK

-SD3--SDho

NSEL

REFV

27

71,
68-44

23

24

22

20

21

34.37

17

VL86C110 Memory Controller (MEMC) uses to generate system timing. Since VIDC resynchronizes
all its inputs to this clock reference, these two clocks are not required to be the same frequency,
allowing the display frequency to be independent of the processor.

Register Write Strobe (TTL level input) - An active low on this line writes data into one of the VIDC
ragisters. The address of the register is supplied on the upper bits, and the data to be written on the
lower bits of the data bus. Normally, this signal is generated by MEMC as it is the device that
decodes the memory address map in the system,

Data Bus (TTL leval inputs) - This 32-bit bus carries data for register writes, video DMA, cursor
DMA, and sound DMA, according to which type of data strobe is present.

Video Data Request (CMOS level output) - This signal is driven active (low) when the VIDC
requires another block of 16 bytes of videa data (when —HSYC is high) or cursor data (when ~HSYC
is low). ltis driven high again by the first valid video data acknowledge, ~VDAK.

Video Data Acknowledge (TTL level input) - An active low on this signal strobes a data word into the
video or cursor FIFO depending on the state of HSYNC when the request was made. Note that a
low on —-VDRQ signifies a request for four words of data, and so —~VDAK must go low four times to
semvice sach request.

Sound Data Request (CMOS level output) - This signal is driven low whaen the VIDC requires
another block of 16 bytes of sound data. It is driven high again by the first valid -SDAK.

Sound Data Acknowledge (TTL level input) - An active low on this signal strobes a data word into
the sound FIFO. Note that a low on ~SDRQ signifies a request for four words of data, and so
—SDAK must go low four times to service each request.

Vaertical Flyback (CMOS level output) - This signal Is driven high when the display is in vertical
flyback (retrace). Specilically, it is set high at the start of the first raster which is not display data,
although this may be border, (at the bottom of the screen), and is cleared down at the start of the
first raster which Is display data (at the top of the screen).

External Synchronization pulse (TTL level input) - A high on this signal resets the vertical timing
counter, and if interlaced display format is being used, the odd fleld is selectad. Thae horizontal
timing counter, and all other reglsters are unaffected by this signal.

Horizontal Interlace Marker (Test pin - CMOS level output) - When an interlaced display format is
selected this signal Is driven low half way along the raster and stays low until the end of each
raster. If non-interlaced displays are used, this pin may be used as a programmable timer on each
raster.

Multiplexed Sound Data (Test pins - CMOS level ouiputs) - These pins are used for testing the
digital data paths through the chip. Normally, depending on the state of NSEL, they output the
inverse of one of the two nibbles of the data byte being fed to the sound DAC, but in test made
three, they output the inverse of the data being fed to the green or blue DAGs, again depending on
the state of NSEL. For more information on test mode thres, refer to the control register section,

Sound Data Ouput Selector (Test pin - TTL level input) - When this signal is low, the sound data
bus port outputs the low nibble of the sound data, or the green DAC data. Whan NSEL is high, the
sound data bus port outputs the high nibble of the sound data, or the blue DAC data.

Left/Right {Test pin - TTL level output) - This signal is driven low when the sound output Is steered
to the left output port, and is high when the sound output is steered to the right output port. In test
mode three, the pin changes its function, and outputs the sound sampling clock instead.

Video DAC Reference Current (Analog input) - A current must be fed into this pin to set the output
current of the video DACs. The full scale output current is 16 times this current. In most applica-
tions a resistor from VDD fo this pin Is sufficient to sef the current.
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VL86C310

SIGNAL DESCRIPTIONS (cont)

Signal Pin Signat

Name Number Desctiptlion

ROUT 39 Red Analog output (Analog output) - The output to the CRT guns is in the form of a current gink,
Maximum brightness Is defined as 15 times the reference current, and "black” is defined as zero
current. Leve! shifting and buffering is normally required to drive the CRT inputs.

GOUT 40 Grean Analog output (Analog output) - Same description as for ROUT.

BOUT 41 Blue Analag output {Analog output) - Same description as for ROUT.

-SUP 28 Supremacy output signal (CMOS level output) - This signal is used to control a multiplexer
between the output ot VIDC and an external source when video mixing is required. If bit 12 of the
video or cursor palette for any logical color Is set, —SUP is driven low when that logical color is
displayed. Inthis way any logical color can be defined as being supremse or not, on a pixel-by-
pixel basis.

-HSYC 25 Horizontal Synchronization pulse (CMOS leve! output) - This signal is required by some monitors.
it Is also used by the MEMC to discriminate betwsen cursor and video data requests, The pulse
Is active low, and the pulse width is programmabls in units of two pixels, though there are certaln
systom-related restrictions. See section Restrictions On Parameters.

-ViICS 26 Vertical/Composite Synchronization pulse (CMOS fevel output) - Depending on bit seven in the
control register, this pin can be either the vertical sync pulse, or a form of composite sync pulse.

-VEDO The vertical syne pulse width is programmable in units of a raster and, if selected, is active low.
The composite sync pulse is the XNOR of ~-HSYGC and -VSYC.

-VED3 - 39-32 Video External Data output (CMOS leve! autput) - The inverse of the four bits of data which are
fed to the rad DAC are output on these pins. With an external serializer, this data ¢an be used to
produce very high resolution monochrome displays.

REFS 12 Sound DAC Reference Current (Analog input) - A current must be fad into this pin to set the
output current of the sound DAC. The full scale output current is approximately 32 times this
current, In most applications, a resistor from VDD fo this pin Is sufficient to set the current.

LCH 13 Left Channel Pasitive Sound output (Analog output) - The sound output is the form of a current
sink which Is switched to one of four pins {pins 13-16). The left channel signal is produced by
externally integrating and subtracting the two signals, LCH and —LCH. Similarly, the right channel
signal is produced by externally integrating and subtracting the two signals RCH and ~RCH.

-LCH 14 Left Channel Negative Sound output {Analog output) - See description of LCH.

RCH 15 Right Channel Positive Sound output (Analog output) - See description of LCH.

~-RCH 16 Right Channel Negative Sound output (Analog output) - See description of LCH.

VSSD 18 Power (Digital ground) - This pin Is the ground supply to the digital circuits in the device.

VSSS 10 Power (Sound ground) - This pin is the ground supply to the sound DAC in the device. It must be
connected to the pin VSSD outside the chip.

vssv 42 Power (Video ground) - This pin Is the ground supply 1o the video DACs in the device. It must be
connscted to the pin VSSD outside the chip,

vDDD 38 Power (Digital +5 V £5% supply) - This pin Is the pasitive supply to the digital circuits in the
device.

VvDDS Power (Sound +6 V 5% supply) - This pin is the positive supply to the sound DAC In the device.

11

It must be at the same potential as VDDD, and should be decoupled to VSSS. Note that the
sound reference current input and the sound analog output currents are all referenced to this
signal.
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FUNCTIONAL PINDIAGRAM
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FUNCTIONAL DESCRIPTION  locations should never bs written to as D3-D0  define the red amplitude

Apart from the three 32-bit wide FIFOs
(video, cursor, and sound), the VIDG
contains 46 write-only registers of up to
13-bits each. In all cases the address of
the register is contained in the top 6-bits
(31-26) of the data tield. Bits 25 and 24
are not used, The actual data bits are
dislributed among the remaining 24-bits
of the data field according to the register
in question, The encoding format is
shown in Figure 1.

Treating bit 24 as the least significant

address bit, the register map is shown in
Tabla 1 on the following page. Note that
there are 18 undefined locations. These

they may actually contaln other regls-
tars. (Some registers are dual-mapped
within the devics,)

In order to define the display format,
eleven registers must be programmed.
Screen parameter definitions are shown
in Figure 2 on the following page.

Video Palette Logical Colors 0-FH:
Addresses 00-3CH

In 1-, 2+, and 4-bits per pixel mode, data
bits D12-D0 define the physical color
corresponding to that logical color. The
data bus encoding is shown in Figure 3.
Figure 4 shows the physical color field
specification.

FIGURE 1. DATA BUS ENCODING FORMAT
313020282726252423222120181817161514131211109 876543 21 0

L folo]

| VIDC Data

VIDC Address

FIGURE 3, VIDEO PALETTE LOGICAL COLOR FORMAT
318029282726252423222120191817161514131211109 8 7 6 5§ 4 3 2 1 O

[o]o] ToTo IXIXIXX[XIXIXTXIXIXTXT
l | | | Physical
Color
f g
FIGURE 4. VIDEO PHYSICAL COLOR FORMAT ’
12 11 10 9 8 7 5 4 3 2 1 0
sup BLUE GREEN RED
Di2 | D11 D10 Do D8 o7 D8 Ds D4 p3 D2 D1 DO

(DO least significant)

D7-D4  define the green amplitude
(D4 least significant)

D11-D8  define blue amplitude
(D8 least significant)

D12 defines the supremacy bit
for that color

In 8-bits per pixel mode, only 9-bits are
defined as shown in Figure 5. The
palette outputs define the least signifi-
cant bits of each color. The most
significant bits for each color naw come
directly from the upper 4-bits of the
logical color fisld, giving the physical
data fleld as shown in Figure 8.

In four and 8-bits per pixel mode, all 16
locations should be programmed. In 2-
bits per pixel mode only colors zero,
one, two, and three need to be defined.
In 1-bit per pixel made, only colors zero
and one need to be programmed,

Border Color Register: Address 40H
In all modes, this register defines the
border physical color. The data bus
encoding is shown in Figure 7.

D3-D0 define the red amplitude
{DO least significant)

D7-D4  define the green amplitude
(D4 least significant)

D11-D8  define the blue amplitude
(D8 least significant)

D12 definas the supremacy bit
for the border
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FIGURE 2. VL86C310 DISPLAY PARAMETERS
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TABLE 1. REGISTER ADDRESS ASSIGNMENTS

Address Address Address

{Hex) Reglster Function (Hex) Reglster Function {Hex) Reglster Function

00 Video Palette Logical Color O 44 Cursor Palstte Loglcal Color 1 94 Horizontal Border End Reglster
04 Video Palétte Logical Color 1 48 Cursor Palstte Logical Color 2 98 Horizontal Cursor Start Reglster
08 Video Palette Loglcal Color 2 4C Cursor Palstte Loglcal Color 3 9C Horizontal Interlace Reglster
oc Video Palette Loglcal Color3| 50-5C Reserved AD Vertical Cycle Register

10 Video Palette Logical Color 4 60 Stereo Image Reglster 7 Ad Vertical Sync Width Register
14 Video Palette Logical Color 5 64 Stereo Image Register 0 AB Vertical Border Start Reglster
18 Video Palette Logical Color 6 68 Stereo Image Reglster 1 AC Vertical Display Start Register
1C Video Palette Logical Color 7 6C Stereo Image Reglster 2 BO Vertical Display End Register
20 Video Palette Logical Color 8 70 Stereo Image Reglster 3 B4 Vertical Border End Register
24 Video Palette Logical Color 0 74 Stereo Image Register 4 B8 Vertical Cursor Start Register
28 Video Palstte Lagical Color A 78 Sterea image Register 5 BC Vertical Cursor End Reglster
2C Video Palstte Logical Color 8 7C Stereo Image Reglster 6 Co Sound Frequancy Register

30 Video Palette Logical Color C 80 _ Horizontal Cycle Reglster C4-DC | Reserved

34 Video Palette Logical Color D 84 Horizontal Sync Width Register EO Control Register

as Video Palette Logical Color E 88 Horizontal Border Start Reglster | E4 - FC | Reserved

3C Video Palette Logical Color F 8C Horizontal Display Start Register

40 Border Color Register 80 Horizontal Display End Reglster

5-8
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FIGURE 5. VIDEO PALETTE DATA ENCODING FOR 8 BITS PER PIXEL MODE
3130292827262624232221201918171615614131211109 876 6§ 4 32 1 0
Loo] [of o XIXIXIXIXIXIXIXIXIXIXT [x] ___ IXIXI _IxI |

| I L | Phystcal

Color Data
Logical
Calor
FIGURE 6. VIDEO PALETTE DEFINITION FOR 8 BITS PER PIXEL MODE

i2 11 10 9 8 7 6 5 4 3 2 1 0

sSup BLUE GREEN RED
Di2* | Ly D10* DO* D8* | Lse* 15 D5* D4* jLla* D2* DI DO*

* Dn:!These bits are from the paletts field.
** Ln: These bits are from the logloal field.

Cursor Palsite Loglcal Colors 1-3; D12
Address 44-4CH
In all modes, thess reglsters define the

defines the supremacy bit
for that cursor color

Stereo Image Reglsters, Channels 0-

physical cursor colors corresponding to
the logical colors, Note that cursor
logical color 00 is transparent (i.e., no
cursor display), and this location Is used
for the Border Color Register. Figure 8
illustrates the data bus encading for this

7: Addresses 60H-7CH

These eight registers define the stereo
image position for each of the eight
possible channels as shown in Table 1,

When only four channels are used,

register. registers 4, 5, 8, 7 should be program-

med to the same values as registers 0,

D3-D0  define the red amplitude 1, 2, 3 respectively. If only two chan-
D7-D4 gD? leaﬂs: s|gn|f icant) litud nels are used, registers 0, 2, 4, and 6

- (l; i’;:as‘es?é:;; :::)p ude pertain to one channel, and so should
D11-D8  define the blue ampliude be programmaed to the same value, and

(D8 least slgnificant) registers 1, 3, 5, and 7 pertain to the

FIGURE 7. BORDER COLOR REGISTER DATA BUS ENCODING
813029282726262423222120191817161514131211109 8 76 5 4 3 2 1 0
[of1ToJoo{ofo o [X]X[XIXIXIXX]XIXIX[XI
| Lo,
£

FIGURE 8. CURSOR PALETTE DATA BUS ENCODING
313020282726252423222120191817161514131211100 8 7 6 5§43 2 1 0

[oT1{oJol Tolo [XIXIXTXIXIX[XIXTXTXIX] ]
I |  Gursor
Physical
Color
<L:uraor
Gotor
FIGURE 9. STEREO IMAGE REGISTER DATA BUS ENCODING
313029282726252423222120191817161514131211109 8 76 54 3 2 1 0
YRR EN! foTo IXTX IXIXTX X TX [XTXTX[X| X[ X [ XX TXIX[X[X[XTX] ]
| L1 vaie
Channsl
; Address
FIGURE 10. HORIZONTAL CYCLE REGISTER DATA BUS ENCODING
313029282726252423222120191817161514131211109 8 7 6 5432 1 0
[1JoJofofojofo]o] [XIXIXTXIXIXTXTX] XX XIXXIX]
L i -~ Data

TABLE 2. STEREO IMAGE
REGISTERVALUES

Value

Stereo Image Position
0 Undefined

100% Left Channel
83% Left Channel

67% Left Channel
Center

67% Right Channel
83% Right Channel
100% Right Channel

—_

~N o o s @ N

other channel. When only one channel
is used, all elght registers should be
programmed with the same value. The
3-bit value Is defined in Table 2 and
data bus encoding is shown in Figure 8,

Horlzonta! Cycle Raglster (HCR):
Address 80H

This register defines the period, in units
of two pixels, of the horizontal scan
(i.e., display time + horizontal retrace
time). If N pixels are required in the
horizontal scan period, then a value of
{N-2)/2 should be programmed into the
HCR (N must be even). If interlace
display is selected, N/2 must also be
even. This is a 10-bit register, with bit
14 tha least significant. Data bus
encoding is shown in Figure 10,

Horizontal Sync Width Register
(HSWRY): Address 84H

This register defines the width; in units
of two pixel periods, of the horizontal
sync pulse. Encoding of the data bus is
shown in Figure 11. If N pixels are re-
quired in the horizontal sync pulse, then
value (N-2)/2 should be programmed
into the HSWR. (N must be even.) The
minimum value programmed may be 0,
but system constraints impose a larger
minimum value. See section Restriction
On Parameters. This Is a 10-bit
register, with bit 14 the least significant.

Horlzontal Border Start Reglster
(HBSR): Address 88H

This register defines the time, in units of
two pixel periods, from the start of
—HSYC pulse to tha start of the border
display. It M pixels are required in this
time, then value (M-1)/2 should be
programmed into the HBSR. (M must
be odd.) Note that this register must

5-9
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FIGURE 11. HORIZONTAL SYNC WIDTH REGISTER DATA BUS ENCODING
313029282726252423222120191817161514131211109 8 7 6 5 4 3 2

[1ToTofolol1Tolo!

Ix[xlxlxlxlxlxlxlxlxlxlx!xlxl

Data

FIGURE 12, HORIZONTAL BORDER START REGISTER DATA BUS ENCODING
313020262726252423222120191817161514131211109 8 76 5§43 2 1 0

[iToloJo1]o]o o]

IXIXTXTXTXIXIXTXXTXTXTX] X[ X]

Data

FIGURE 13. HORIZONTAL DISPLAY START REGISTER DATA BUS ENCODING
3130202827 26252423222120191817161514131211100 876 54321 0

{1ToJoToJ1T1]o[o]

DXTXTXTXTXTX IXTX[XTXTXTXTXIX]

Data

FIGURE 14. HORIZONTAL DISPLAY END REGISTER DATA BUS ENCODING
913029282726252423222120191817161514131211100 8 76 6§ 4 321 0

[11oJo]1]o]ofo]o]

[XIXIXIXIXIXIXTXTXIX[X[X[X[X]

Data

FIGURE 15. HORIZONTAL BORDER END REGISTER DATA BUS ENCODING
318029262726262423222120191817161514131211109 8 76 6 4321 0

[iToJoTiTe[1 o o]

XXX IXIXTX XXX X TXTXX]

Data

FIGURE 16. HORIZONTAL CURSOR START REGISTER DATA BUS ENCODING
3130292827262524232221201918171615141312111098 76 543 2 1 0

[t[oJof1T1JoJol0]

ToTo [XTXTXTXIXIXTXTXIXTXIX]

I L Except Far High-Resolution Mode

Data

always be programmed, even when a
barder is not required. if a border is not
required, then the value in the HBSR
must be such as to start the border in
the same place as the display start (i.e,
M[HBSR] = M[HDSR)). This is a 10-bit
register with bit 14 the least significant,
Data bus encoding Is shown In Figure
12,

Horlzontal Display Start Reglster
(HDSR): Address 8CH

This register defines the time, in units of
two pixel periods, from the start of the
-HSYC pulse to the beginning of the
vidaeo display. The value programmed
here depends on the screen mode in
use. [f M pixels are required in thls
time, then: in 8-bits per pixel mode, the
value {M-5)/2 should be program-med
into the HDSR; in 4-bits per pixel mode,
value (M-7)/2 should be programmed
into the HDSR; in 2-bits per pixe! mode,
value {(M-11)/2 should be pregrammed
into the HDSR; in 1-bit per pixel mode,
value (M-19)/2 should be programmed
into the HDSR. M must be odd in all

cases. Thisis a 10-bit register, with bit
14 the least significant. Data bus
encoding for this register is shown in
Figure 13.

Horlzontal Display End Register
(HDER): Address 90H

This registar defines the time, in units of
two-pixel periods, from the start of the
horizontal sync pulse to the end of the
video display (i.e., the first pixe! which is
not displayed). The value programmed
here depends on the screen mode
used. If M pixels are required in this
time, then: in 8-bits per pixel mods,
value (M-5)/2 should be programmed
Into the HDSR,; in 4-blts per pixel mode,
value (M-7)/2 should be programmed
Into the HDSR; In 2-bits per pixel mods,
value (M-11)/2 should be programmed
into the HDSR; in 1-bit per pixel mode,
valus (M-19)/2 should be programmed
into the HDSR. M must be odd in all
cases. This Is a 10-bit register, with bit
14 the least significant. Figure 14
shows data bus encoding of register
values.

HorizontalBorder End Reglster
(HBER): Address 94H

This register defines the time, in units of
two-pixel periods, from the start of
-HSYC pulse to the end of the border
display (i.e., the first pixel which is not
border). If M pixels are required in this
time, then valus (M-1)/2 should be
programmed into the HBER, [M must
be odd.] Again, if no border is required,
this reglster must still be programmed
such that M[HBER] = M[HDER]. Thisis
a 10-bit register, with bit 14 the least
significant. Data bus encoding for this
raglster is shown in Figure 15.

Horlzontal Cursor Start Register
(HCSRY): Address 98H

This register defines the time, in units of
single pixel periods, from the start of the
—HSYC pulse to the start of the cursor
display. if M pixels are required in this
tima, then value (M-6) should ba
programmed into the HCSR. This is
normally an 11-bit register, with bit 13
the least significant. Bits 11 and 12
must be zero except in the High
Resolution mode.

In this mode, where each 24 MHz pixel
is further divided into four pixals, the
cursor sub-position can be defined by
programming bits 11 and 12 of the
HCSR, which will move the cursor
position within the 24 MHz pixel. Refer
to the High Resolution Mode section.

Note that only the cursor start positon
needs to be defined, as the cursor is
automatically disabled after 32 pixels. If
a cursor smaller than this Is required,
then the remaining bits In the cursor
pattern should be programmed to
logical color 00 (transparent), Figure 16
shows the data bus encoding schenis.

Horizontal Interlace Reglster (HIR):
Address 9CH

This register must be programmed if an
interlaced sync display is required.
Otherwise, it may be ignored. If value L
is written into the HCR, the value
(L+1)/2 should be written Into the HIR.
|L is odd.] This is a 10-bit register with
hit 14 the least significant. Data bus
ancoding is shown in Figure 17.

Vertical Cycle Reglster (VCR):
Address AOH

This register defines the perlod, In units
of a raster, of the vertical scan, i.e.,
display time + flyback time. if N rasters
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FIGURE 17. HORIZONTAL INTERLACE REGISTER DATA BUS ENCODING
313020282726252423222120191817161514131211109 87 6 5§ 4 3 2 1 0

[iloJoT1]1]1]o]o]

[XIXIX[x[X[X[X[x[x[x[X]X]x[X]

|

FIGURE 18. VERTICAL CYCLE REGISTER DATA BUS ENCODING
8130202827262524232221201918171615141312111098 76 §4 3 2 1 0

fiJol1]oJofofo]e]

IX[XIXX[X]XIX[XXTX[X[X[X]X]

l

FIGURE 19. VERTICAL SYNC WIDTH REGISTER DATA BUS ENCODING
313029282726262423222120191817161514131211109 8 76 § 4 3 2 1 0
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|

FIGURE 20. VERTICAL BORDER START REGISTER DATA BUS ENCODING
313020282726252423222120191817161514131211109 8 76 § 4 3 2 1 0

[1JoT1 Tt o]efo]

[XIXIXIXTXTXTX XX [XTXTX[XTX]

FIGURE 21. VERTICAL DISPLAY START REGISTER DATA BUS ENCODING
3130202827262524232221201918171615141312111098 76 §4 32 1 0

[1ToT+ToT1TiToTol

IXIXIXIXIXTXIXXTXTXIXTXTX[X]

l

FIGURE 22. VERTICAL DISPLAY END REGISTER DATA BUS ENCODING
313020282726252423222120191817161514131211109 8 76 §4 3 2 1 0
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|

FIGURE 23. VERTICAL BORDER END REGISTER DATA BUS ENCODING
3130202827262524232221201918171615141312111098 76 6§ 4 32 1 O

[1]of1T1]o]1]o]o]
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l
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Data

Data

Data

Data

Data

Data

are raquired in a complete frame, then
valus (N-1) should be programmied into
the VCR. I interlaced display Is used,
{N-3)2 must be programmed Into the
VCR. [Nisodd] Here Nis still the
number of rasters in a complete frame,
not a field. This is a 10-bit reglster, with
bit 14 the least significant. Figure 18
shows the data bus encoding scheme.

Vertical Sync Width Reglster
(VSWR): Address A4H

This register defines the width, in units
of a raster, of the —V/CS pulse. If N
rasters are required in the vertical sync
pulse, then value (N-1) should be
programmed into the VSWR. The
minimum value allowed for N is 1. This
is a 10-bit register, with bit 14 the least
significant, Data bus encoding Is shown
In Figure 19,

Vartical Border Start Register
(VBSR): Address Ag8H

This register defines the time, in units of
a raster, from the start of the vertical
sync pulse to the start of the border
display. Hf N rasters are required in this
time, than value (N-1) should be
programmed into the VBSR. i no
border is required, then this register
must still be programmed, in this case
to the same value as the VDSR, ThisIs
a 10-bit register, with bit 14 the least
significant. Figure 20 shows the data
bus encoding.

Vertical Display Start Reglster
(VDSR): Address ACH

This register defines tha time, in units of
a raster, from the start of the vertical
sync pulse to the start of the video dis-
play. If N rasters are required in this

time, then value (N-1) should be pro-
grammed in the VDSR. This is a 10-bit
ragister, with bit 14 the least significant.
The data bus encoding is shown in
Figure 21,

Vertlcal Display End Raglster
(VDER): Address BOH

This register defines the time, in units of
a raster, from the start of the vertical
sync pulse to the end of the video
display (i.e., the first raster on which the
display is not present). If N rasters are
required in this time, then the value (N-
1) should be programmed into the
VDER. This Is a 10-bit register, with bit
14 the least significant. Figure 22
illustrates the data bus encoding.

Vertica! Border End Reglster (VBER):
Address B4H

This register defines the time, in units of
araster, from the start of the vertical
sync pulse to the end of the border
display (i.e., the first raster on which the
border is not present). I N rasters are
required in this time, then the value
(N-1) should be programmed into the
VBER. If no border is required, then
this register must be programmed to the
same value as the VDER. Thisis a10-
bit register, with bit 14 the least signifi-
cant, Data bus encoding for this regis-
ter is shown in Figure 23.

Vertlcal Cursor Start Register
(VCSR): Address B8H

This register defines the time, in units of
araster, from the start of the vertical
sync pulse fo the start of the cursor
display. if N rasters are required in this
tima, then value {N-1) should be pro-
grammed into the VCSR. Thisis a 10-
bit register, with bit 14 being the least
significant. Figure 24 shows the data
bus encading for this register.

Vertleal Cursor End Reglster (VCER):
Addtess BCH

This register defines the time, in units of
a raster, from the stant of the vertical
sync pulse {o the and of the cursor dis-
play (i.e., the first raster on which the
cursor is not present). If N rasters are
required In this time, then value (N-1)
should be programmed into the VCER.
This Is a 10-bit register, with bit 14 the
least significant, Data bus encoding is
shown in Figure 25.
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FIGURE 24. VERTICAL CURSOR START REGISTER DATA BUS ENCODING
3130292827262524232221201918171615141312111098 76 5432 1 0

[feJ1]1]1]ofo]o]

[XIX[XIXIXIXIXIXTX[X]X]X[X]X]

L

I Data

FIGURE 25. VERTICAL CURSOR END REGISTER DATA BUS ENCODING
31302028272626524232221201918171615141312111098 76 5432 1 0

tjoftitlrftfofo]

[XIXTX[XIXTXTXTX[XEXTXTXTX]X]

Data

FIGURE 26. SOUND FREQUENCY REGISTER DATA BUS ENCODING
31302928272626524232221201918171615141312111098 76 5§ 4 3 2 1 ¢

[1]t]oJoJoJo ofo[X[X[XIX[XIX[X[X[X[X[X[XIX]X]X]1 ] |

‘——J-Data -

Sound Frequency Reglster (SFR):
Address COH

This register defines the byte sampla
rate of the sound data. It is dafined in
units of 1 ps. If a sample period of N ps
is raquired, then (N-1) should be pro-
grammed into the SFR. N may take
any value between three and 256. This
is a 9-bit register with bit 0 the least sig-
nificant. Bit 8 Inthe SFRis usedas a
test bit, and should always be set to
one. When this bit Is set to zero, all the
internal timing signals are cleared.
Figure 26 shows the data bus encoding.

Control Reglster (CR): Address EOH
This register contains the operating

mode controls: a total of 11 bits are
defined, and three of these are for test
purposes only. Note that bit 8 in the
SFR must also be set befora the device
can operate corractly.

The two bit-pairs for the pixel rate and
the bits per pixel selects are defined in
Figure 27. The bit-pair to define the
point at which the DMA request flag is
set is further explained in the Restriction
On Parameters section.

To select interlaced sync displays, D[6]
in this register must be set as well as
setting the correct values in the vertical
and horizontal timing registers.

The ~V/CS pin on the davice can be
programmed to output either the vettical
sync pulse or the composite sync pulse
which is the XNOR of vertical and hori-
zontal sync. Selection Is made by D[7].

The remaining 3-bits are for testing the
device and are of little interest to the
user, but their action is as follows.

In test mode zero (D[14] high, D[15]
low), the upper 5-bits of the horizontal
counter are clocked by a derivative of
the pixel clock.

In test mode one (D{14] low, D[15] high)
the lower 5-bits of the vertical counter
are clocked by a darivative of the pixel
clock,

In test mode two (D[14] high, D[15}
high), the upper 5-bits of the vertical
counter are clocked by a derivative of
the pixe! clock.

In test mode three (D[8] set), the pin
-L/R outputs a signal which Is eight
times the frequency of the sound byte
sampling clock, and the pins SD3-SD0
output the inverse of the data which is
fed to the green DAC [NSEL low] or the
blue DAC [NSEL high].

Note that the device cannot function
properly in test modes zero, one, and
two, but fest mode three has no effect
on the-normal operation.

FIGURE 27. CONTROL REGISTER DATA BUS ENCODING
313020282726252423222120191817161514131211109 8 7 6 § 4 3 2 1 0

11111 ]ofofo o o [XIXIXIX[X]XIX[X]

[XIXIXIXIXT T 11

L1 ]

Test Mode

| ]

00 - Normal Operation
01 - Test Mode 0
10 - Test Mode 1
11 - Test Mode 2

Test Mode

0 - Normal Operation
1 - Test Mode 3

Composite Sync
0 - Verlical -
1 - Composite

I—l— Pixel Rate

00 - 8 MHz
01 -12 Mhz
10 - 16 MHz
11 - 24 MHz

Bits Per Pixel

00 - 1 Bit Per Pixel
01 - 2 Bits Per Pixel
10 - 4 Bits Per Pixel
11 - 8 Bits Per Pixel

Interlace Sync
0 - Interlace Off
1 - Interlace On

DMA Request

00 - End of Word 0,4
01 - End of Word 1,5
10 - End of Word 2,6
11 - End of Word 3,7
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USING THE VIDC

The DMA Interface

The VIDC has three FIFQs Into which
DMA data is written. The sound FIFO is
four 32-bit words deep, and works inde-
pandently from the the other two FIFQs,
The video FIFQ is eight 32-bit words
deap, and the cursor FIFQO is again four
32-bit words daep.

Sound FIFO

Each word of data is strobed into the
FIFQ on the rising edge of —-SDAK.
Data is read out of the FIFO into a byte
wide latch which then drives the DAC,
When the last byte in the FIFO is read
into the latch, the signal -SDRQ is
driven low, requesting another 16 bytes
of data. The signal -SDRQ Is driven
high when the first -SDAK Is received.

The time available to service this data
requost is dependent on the sound data
rate. The minimum value of the SFR s
three, which defines a byte-rate of 3 ps.
Thersfore, the first word must be loaded
into the FIFO less than 3 us after the
-SDRAQ signal is generated.

Cursor FIFO .

The cursor FIFO contains 16 bytes of
data, which is enough for two rasters of
oursor display. Whan the VIDC is pro-
grammed to display a cursor, -VDRQ is
driven low at the same time as ~-HSYC
goes low on the first raster on which the
cursor is to appear, Data is loaded into
the FIFO on the rising edge of -VDAK.
The load cycle must be complete before
the —HSYC pulse has ended.

-VDRQ is driven high again when the
first -VDAK is received. The cursor
may be any number of rasters high, and
tha cursor FIFO requests data during
the —HSYC of every alternate raster on
which it s displayed.

Video FIFO

The video FIFO is sight 32-bit words
deep, and It Is arranged as a clrcluar
buffer, Data must always be loaded
into it In blocks of four words, and this
FIFO shares the same —VDRQ and
-VDAK signals as-the cursor FIFO.

To accommodate the vastly different
rates at which video data Is required in
the different modes, and to accommo-
date different DRAM speeds, the point
at which more data Is requested can be
varied. This is done by bits 4 and 6 in
the Control Register.

During the vertical sync pulse, the FIFO
I8 cleared, and the signal ~VDRQ is
high. After the =HSYC pulse of the first
displayed raster, ~VDRQ is driven low.
Eight words must now be written into
the FIFO by driving ~VDAK low eight
times. This fills the FIFO, -VDRQIs
set high again when the fifth ~VDAK is
recelved,

Thareafter, the -=VDRQ signal is set low
whenaver the FIFO empties to the point
predetermined by bits 4 and 5 in the
Control Reglister. The —VDRQ signal is
normally set high when the first ~-VDAK
signal is received. However, if the data
request is not serviced quickly, and the
FIFQ has emptied to the point where
another four words have been read out
when the first new data word arrives,
then the =VDRQ signal wlll stay low,
requssting another four words of data.

The Video DMA Interface

As noted above, the cursor and video
FIFOs share the same DMA interface
signals. Normally, a -~VDRQ low during
the -HSYC pulse is a request for cursor
data, and —VDRQ low at any other
times Is a request for video data, Fig-
ure 28 shows the relationships graphi-
cally.

Howaver, oftén a video request
happens just before the end of a raster

requesting data for the next raster. The
load cycle for this video request is
allowed to overlap the =HSYC pulse,
even if a cursor request happens during
the ~HSYC pulse. Note that in this
case the -VDRQ signal may not be
driven-high batween these two cycles.
The first cycle must be video data and
the sacond cycle must be cursor data.
The cursor foad cycle must still be
complete before the end of the -HSYC
pulse. This is shown in Figure 29,

Flgure 30 shows the situation where a
cursor [s displayed on the first raster of
the frame. Note the double video load
cycle. The cursor load cycle must not
ovarlap the end of the ~-HSYC pulse
(otherwise data wilf be loaded into the
wrong FIFO), and the first word of video
data must be present in the FIFO before
the display starts.

Restrictlons On Parameters

lt is clear from the above that certain
restrictions must be applied to the
screan parameters, most of which are
system dependent. The following
paragraphs assume the VIDC is being
used In a systam with the processor
and MEMC and two/one clock page-
mode DRAM memory. In this system
DRAM cycles consist of an N-cycle (two
RCLK clocks) followed by up to three
sequential S-cycles (one RCLK clock).

FIGURE 28. VIDEO AND CURSOR DMA OPERATION
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~VDRQ

-VDAK

D31-DQ

|

’ Cursor -
I‘_ Lead '—’l

I Vidao
* Lead —

FIGURE 29. VIDEO DMA OVERLAPPING ~HSYC PULSE

-VDRQ
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L

-VDAK
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FIGURE 30. CURSOR DMA AT THE BEGINNING OF A FRAME

FLBK
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~HSYC

-VORQ

I L

~VDAK

D31- Do,
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Hance, a VIDC FIFO load cycle
conslsts of 1N + 3S requiring five RCLK
clocks (417 ns at 12 MHz).

FIFO Raquest Polnter Values {(Con-
trol Reglster Bits [4:5))

The video FIFO is a circular buffer,
although the core is asynchronaus, with
a ripple-through time of 150 ns from the
top fo the bottom. Data is loaded in
blocks of four words, and s read out in
bytes, starting with byte 0 of word zero
and so on. =VDRQ can be set low half
way through reading the last byte of any
of word 0-3 (and correspondingly 7-4)
according to bits 5-4 in the Control Reg-
ister. In the high resolution video
modes whete the bytes are being
consumed quickly, the request signal
must ba set at an eatlier point than in
the low resolution modes. Selectlons
are defined in Table 3.

The request signal ~VDRQ should be
brought low as soon as the FIFO can
accopt the four words of data when they
arrive. The minimum time between
setting the request and receiving the
last word of data is 187 ns + 625ns =
812 ns (at 8 MHz). [The 187 ns figure

TABLE 3. FIFO POINTER
SETTINGS

Control Reglster

- =VDRQ Set At
Bit5 Bit 4 End Of Words
0 0 0,4
0 1 1,5
1 0 2,6
1 1 3,7

is the minimum time in which MEMC
can start a DMA cycle.] If the FIFO is
full at the start, then it will have four
words spare 150 ns after the start of
word 4. [150 ns s the ripple-thraugh
time of the FIFO.] Hence, the request
should be mada at the first opportunity
after (812 ns - 150 ns = 652 ns) before

the start of word four. The requestcan ™

be made halfway through the last byte
of any of words 0-3 by programming the
Contral Register.

Depending on the video mode in use,
data can be read from the FIFQ at 1.5,
2,3,4,6,8,12, or 16 Mbytes/second.

Figure 31 shows the case for the 16
Mbytes/second mode. The request
must be set at the end of words one
and five,

Figure 32 shows the case for the 12
Mbytes/second mode. The request
must be set atthe end of words two and
six,

Figure 33 shows 8 Mbytes per second
mode. Again, the request must be set
at the end of words two and six.

In all other modes, the request should

" be set at the end of words thres and

seven.

Horizontal Sync Pulse Width

The ~HSYC pulse width must be long
enough to allow a complete load of the
cursor FIFO. This is made up as
follows: .

2*[N+38] (current + cursor cycles) +
syncmax + 2*Tprop.

l.e. 2625 + 312+ 100 = 1662 ns.

FIGURE 31. FIFO OPERATING AT 16 MBYTES PER SECOND

|<—— 652 ns —>|

->| 250 ns |<—

LWord OlWord 1 I Word 2| Word al Wor& 4[ Word 5| Word 6[ Word 7| Word 0]

L Set DMA Request Here L Set DMA Request Here

FIGURE 32. FIFO OPERATING AT 12 MBYTES PER SECOND

|<— 652 ns —>|

~+|semfa-

LWord Ol Word 1 l Word 2| Word 3| Word 4| Word 5| Word 6' Word 7’ Worﬁl

Set DMA

Request Here

Set DMA
Request Here

FIGURE 33. FIFO OPERATING AT 8 MBYTES PER SECOND
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—>| 500 ns IQ—
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t Set DMA

Request Here
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Synemax Is tha maximum time MEMC
can take to recognize the DMA request.
Tprop is the time taken for the -VDRQ
signal to reach MEMGC, or the time
taken for ~VDAK fo reach VIDC.

The pulse must also be long enough to
allow the processor to write to the DMA
address generator (DAG) in the MEMC
to reset the screen pointer. This may
be as follows:

3*[N+38] (current + cursor + sound
cycles) + DAG write.

i.e. 3*625 + 250 = 2125 ns. Since both
these parameters must be met, this
larger valus must therefore be used.

Horlzontal Front Porch Width

The front porch may be zero length.
The total time from the end of display to
the end of the ~HSYC pulse must be
mote than 1912 ns. As the -HSYC
pulse width has to be at least 2125 ns,
this does not impose a restriction on the
value of the back porch.

Horlzontal Front Porch Width

The back porch must be long enough to
allow the load of at least one word into
the video FIFO befare the data s read
out again. This is important at the start
of the frame because data Is required in
the bottom of the FIFO at least four
pixel-times before the start of display,
due to the pipeline delays. Hence the
back porch must be greater than:

N+3S+N (cutrent cycle + video N cycle)
+ syncmax + 2'Tprop + FIFO-ripple + 4
pixels.

l.e. 250 + 375 + 250 + 312 + 100 + 150
+4*83 = 1769 ns for 12 MHz displays.

or 250 + 375 + 250 + 312 + 100 + 150 +
4*125 = 1937 ns for 8 MHz displays.

Vertlcal Sync Pulse and Porch Width
There are no restricitons on the values
of the vertical front porch, back porch,
or sync width. The Vartical Sync Width
Register (VSWR) may be programmed
to a value of 0 which gives a vertical
sync width of one raster.

Horlzontal Display Wldth
The number of bits in the pixsls of each
raster must be a multiple of 128.

Border

The border cannot be disabled. K no
border Is required, then it should be
programmed to start and finish in
axactly the sama place as the display

TABLE 4. SCREEN MODE SUPPORT

Plxe{ Rate | Bits/Pixel | FIFO Data Rate Pixel Rate | Bits/Pixel | FIFO Data Rate
8 Not Supported 8 12 Mbytes / Second
4 2 M / Second 4 6 Mbytes /
24 MHz 0L/ 9000 |y bz ytes | Sacond
2 6 Mbytes / Second 2 3 Mbytes / Second
1 3 Mbytes / Second 1 1.5 Mbytes / Second
8 16 Mbytes / Second 8 8 Mbytes / Second _
8 Mbytes / Second 4 4 Mb / Second
16 MHz 4 oo 8 MHz ytes/ Secon
2 4 M ytes / Second 2 2 Mbytes / Second
1 2 Mbytes / Second 1 Not Supported
(both vertically and hotizontally). 12 locations need not be programmed.
Cursor Positlon In 4-bits/pixel mode, the data field ad-

The cursor should not be programmed to
be outside the display area vertically, but
it may be programmed to start or end
outside the display area horizontally.
Nota that the cursor will not be displayed
outside the border area either vertically
or horizontally.

DISPLAY FORMATS

Screen Modes

Fourteen of the possible 16 display
modes are supported (See Table 4),

Data Display

Pixels are displayed starting at the top
left hand comer of the scraen, with the
least significant end of the first word
loaded into the FIFO, In 8-bits per pixel
mode, bits 0-7 of word zero are the first
displayed pixel. In 4-bits per pixel made,
bits 0-3 of word zero are the first
displayed pixel. In 2-bits par pixel mode,
bits 0-1 of word zero are the first
displayed pixel. In 1-bit per pixel mede,
bit zero of word zero Is the first displayed
pixel.

Logleal Data Flelds

In 1-bit per pixel mode, the data field
selacts the palette at focation zero or
one. The other 14 locatlons nesd not be
programmed. In 2-bits per pixel mode,
the data field addresses the palette at
locations zero through three, The other

dresses the palstte at all 16 locations.
In 8-bits per pixel mode, the least
significant 4-bits drive the palete asin
4-bits per pixel mode, and the most
significant four bits drive the most
significant bits of the RGB DACs
_directly.

Physical Data Fields

In 1-, 2-, and 4- bits per pixe! mode, the
physical data fleld is shown in Figure
34, In 8-bits per pixel made, the
physical data field is shown in Figure
35, The Dn bits come from the palette
field and the Ln bits come from the
logical field.

Cursor Format

The cursor, in all video modes, is
defined to be 32 pixels wide and any
number of rasters high. Any pixel may
be defined as being transparent,
enabling cursors of any shape to be
constructed within the 32 pixel horizon-
tal limit. & is always 2-bits per pixel,
with bits zero, one in the first ward to be
loaded into the cursor FIFO represent-
ing the first pixel, ete. The logical
cursor pixel bit-pairs are defined In
Table &.

The cursor physical field is exactly as
the video physical field in 1-, 2-, or 4-
bits per pixel modes,

FIGURE 34. PHYSICAL COLOR FIELD DEFINITIONS

12 1 10 9 8 7 6 § 4 3 2 1 4
suP BLUE GREEN RED
D12 JDi11 D0 D9 D8 | D7 De D5 D4 | D3 D2 D1 Do

FIGURE 35. PHYSICAL COLOR FIELD DEFINITIONS FOR 8 BITS PER PIXEL

12 1 10 -] 8 7 6 § 4 3 2 1 0
SUP BLUE GREEN RED
D12 | L7 D10 D9 D8 | L6 L5 D5 D4 | L4 D2 Dt Do
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TABLE 5. CURSOR

LOGICAL COLORS
Cursor Bit

MSB | LSB | Color

0 0 Transparent

0 1 Logical Color 1
1 0 Logical Color 2
1 1 Logical Color 3
Bordet Fleld

The border physical field is exactly as
the video physical fisld in 1-, 2-, and 4-
bits per pixel modes.

Conirolling the Screen On/ Off

The simplest method of turning the
screan off is to program the Vertical
Display End Register (VDER) to be less
than the VDSR. This will not generate
any video requests, but will display the
border color over the whale screen,

The border can be turned off either by
programming it to physical color black,
or by programming the VBSR to be
graater than the VBER. Daing the latter
will also disable the cursor, though
cursor data requests will stil'be
generated. Turning the screen back on
should only be done during vertical
flyback.

Cursor On/ Oft

The cursor should be tumed off by
setting the VCER to be less than VCSR.
[Value 0 is suggested.] This will also
disable cursor data requests. Turning
the cursor on, and moving it atound
should only be done during vertical
flyback to prevent flash,

FIGURE 36. EXAMPLE VIDEO

OUTPUT CIRCUIT
VDD
Sw ¥or SR
REFV —4 S A1
ROUT at
=6 \—" Red Output
GND 750
Line
Suggested Component Values
Rrg-g 10kQ po
R1{— 3300
R2-68Q

D1 should have similar characteristics
to the emitter-base junction of Q1

Writing to the Palattes and Other
Reglsters

The palsttes may be programmed
rellably at any time, but are best
programmed during vertical flyback.
Changing the values of other registers
should only be done during vertical
flyback. The signal FLBK is set high
from the start of the first raster after the
end of display {though it may still be
border), until the start of the first raster
which is display.

Video DAC Outputs

The video DAC outputs are In the form
of current sinks, Each DAC has a
resolution of 4-bits, giving a linear
transfer characteristic with 16 values.

A digital input value of four zeros gives
zero current sink, and a digital input
valuae of four ones gives the maximum
current sink. The magnitude of the
output is a function of the video
refarence Input current, with the
maximum current sink being 15 times
the reference input current.

High Resolution Modes

The four bits of digital data which
normally drive the red DAC are avail-
able to the user on pins ~VED3 through
-VEDO. This pixel rate bit-stream can
be externally serialized to a single bit-
stream of four times the VIDC pixel rate.
With the VIDC operating at 24 MHz,
four bits per pixe! mode, 96 MHz bit
rates are generated giving very high
resolution monochrome displays. Alter-
natively, with an external DAC, 48 MHz
grey-level displays are possible.

Refering to the block diagram, it will be
noted that the data passes through the
High Res. Shifter block before reaching
the pins —~VED3 - -VEDO. This block
enables the cursor to be positioned to
any (96 MHz) pixel. Note that this block
also inverts the data from the red DAC,

When used in this mode, the VIDG must
be programmed to a different set of
values, But note that the "normal”
analog modes of VIDC are stiil available
simply by repragramniing: the addition
of the shifter hardware will not affect the
other modes, and the sound system is
totally independent from this.

(1) Four-bits per pixel should always be
selected,

(2) The programmed VIDC pixel rate is
one quarter of the external pixel

rate. The vertical timing parameters
are unaftected by thie as they are
defined in units of a raster, but the
horizontal timing parameters which
are definad in units of two (24 MHz)
pixels ¢an only be programmed in
units of eight (96 MHz) pixels.
There are now four times as many
pixels on a line as are actually
programmed. For example, if a
display of 1024 * 1024 Is required,
the VIDC should be programmed to
generate a display of 256 (horizon-
tal) by 1024 (vertical).

- (3) All 18 locations of the video palette

should be programmed to a 1:1
logical to physical mapping. Only
D[0:8] (red DAC values) need to be
programmed, as D[4:11] are
ignored. The supremagy bit (D[12])
may be used if required.

(4) D[4,5] In the Border Color Register
must be set to zero. D{0:3] and
D[12] may also be programmed i a
border is required.

(5) The cursor palette should be
programmed fo the following values:
cursor color 1 : 10H
cursor color 2 ;: 20H
cursor color 3 : 30H
Supremacy may also be used.

Then the 2-bits which define each
cursor pixal are defined in Table 6.

Note that the cursor can only be defined
horizontally in units of four (86 MHz)
pixels, though it can be positioned
anywhare an the screen to within one
(96 MHz) pixel. See the section on
Horizontal Cursor Start Register for
more detall. The hardware should be
arranged so that —VEDQO is the first bit to
be serialized.

TABLE 6. CURSOR COLOR

IN HIGH-RESOLUTION
MODE

Cursor Bits

MSB | LSB | Defintion

0 0 Transparent
0 1 Cursor Black
1 ] Do Not Use

1 1 Cursor White
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FIGURE 37. HIGH RESOLUTION PIXEL GENERATOR

>
p| 4Tot Monochrome
Mux/ +——  Digital
Serializer Output

[ veoo | vepi | vepa | veps | vepo | veo1 | vepa | veps |
l‘ VIDC Pixel .I _»'
Time

External Synchronization and Mixing
The VIDC has two slgnals assoicated
with external synchronization appli-
cations: SUP and SINK, SUP is an
output which can be used to control an
external multiplexer for mixing the VIDC
output with that from an external
source, All video and cursor logical
colors from the palettes and the border
color can control SUP. When D[12] in
any of the above registers is set and
that color is being displayed, SUP is
driven low, The output is pipslined and
is synchrorious with the DAC outputs
and the ~VED3 - -VEDO signals.

The signal SINK is an Input which when
driven high resets the vertical counters
to the first raster. If an interlaced sync
display is being generated, then SINK
will reset the counters to the first raster
of the odd fleld. The pulse applied to
this pin must be shorter than a raster
time. The horizontal counters are not
affected by this signal. The horizontal
synchronization must be done by

Monochrome
Pixel Time

phase-locking (or in simple applications,
by Interrupting) the input clock CKIN.
Remambaer that the sound system is
also driven from a derivative of CKIN.

Composite Syne

According to the setting of D[7] in the
Contro! Register, the —V/CS can output
a composite sync pulse. This is syn-
thesized from the XNOR of vertical and
horizontal syncs as shown in Figure 38.

Interlaced Displays

The VIDC can generate an interlaced
sync display. An example of interlace
timing is shown in Figure 39. Normally
the video data in each field is the sams.
The VIDC Vertical Cycle Register is sat
1o a value (N-3)/2, whers N Is the total
number of rasters in a frame. There are
N/2 raster in the even and odd fields.
On raster (N+1)/2, the vertical sync
pulse is-output and the cycle repeats,
but this is now the odd field, so the
vertical sync pulse Is delayed by half a
raster time as defined by the value in

FIGURE 38. COMPOSITE SYNC GENERATION

_vsye l
~HSYC L L L ] L Ll
wes [ [ | | I

FIGURE 39. INTERLACE DISPLAY TIMING GENERATION
L LML i e M rere i

1 2 ] N-t  Nay
wo_fL__ T M nN=znznp o .o n%n [
- Rer 1+
wvewwe I L, T
Ia—————EvonFlold “{‘ Odd Flakd -}

FIGURE 40. SOUND OUTPUT CIR-
cuIT
VDDS

RT"C Z RTC
]

LCH —i+ Left
Channel
Output

-LCH
the HIR. On the first raster in the odd
tield which is not vertical sync, a dummy

. raster is inserted. This makes the odd

field N/2 rasters long as well.

- Sound System

The sound system consists of a four
word FIFO and byte wide latch which
drive a 7-bit exporential DAC, The
elghth bit steers the DAC output to one
of two pairs of output pins, one pair
designated "+", and the other pair
designated "-". The sound signal is
generated externally by integrating and
then subtracting these two pairs of
signals. An example circuit is shown in
Figure 40. The integration s performed
by the capacitor C.

Stereo image is synthesized by time-
division multiplexing the output between
the "left" and “right” pair of output
signals as shown In Figure 41, The first
quarter of each sample is muted to
allow for DAC settling and deglitching.
The stereo Image [s specified for sach
channel by programming the corre-
sponding Stereo Image Register.

The system can cperatein 1,2,4,0r 8
channel modes. In 8 channe! mods, the
channels are sampled sequentially,
starting with the first byte of data, which
Is channel 0; the second byte of data is
channel 1 and so on. The external
integrating time constant must be long
enough to integrate over a complete
sample cycle. In 4 channel mode, the
fith byte to be sampled Is again
channe! 0, so Stereo Image Register 4
must be programmed to the same value
as Stereo Image Register 0, and so on.
In 2 channel mode, Stereo Image
Registars 0, 2, 4, and 6 correspond to
channel 0 and Stereo Image Registers
1, 3, 5, and 7 correspond to channel 1.
In single channel mode, all eight Stereo
Image Registers should contain the
same value.
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FIGURE 41. STEREO IMAGE SYNTHESIS
[Channeto | [Chamnet1 | {channel2 | Ehannelaj [channeta | [chamnei5 | [Channels | [Channei7 | [Chamnelo |

Center 83% Left 67% Left Center 67% Right 83% Right Center
The sample rats Is selectable by the FIGURE 42. SOUND DATA FIELD FORMAT
SFR in units of 1 us, with a minimum - .y
value of 3 ps. Clearly, in eight channel b7 I D6 | D5 D4 I D3 I D2 | D1 Do
mode the byles for each channel are Chord Select Point On Chord Sign
sampled with one-eighth of the fre- -

quency of single channel mode for a
given value in the SFR.

The DAC transfer characteristic FIGURE 43. SOUND DAC OUTPUT
conslsts of eight linear segments

(chords), Each chord consists of 16

steps, and the step size in one chord is

twice the step In the preceding chord.

This gives an approximation to the

"u255 law,” The sound data field

format Is shown in Figure 42,

(2471)

The outputs are in the form of current
sinks. The magnitude of the output is a
{unction of the sound reference input
current. The reference current Is equal
to the step size in the highest chord,
which is 8i in Figure 43,

i= lref/8

0 i 3||

| chord o|chord 1 |chord 2|Ghord 3|hord 4]Ghord 5|chord 8|chord 7]
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VL86C310
TIMING CHARACTERISTICS: TA = 0°C to +70°C, VDD = +5 V5%
Symbol Parameter Min Typ Max Units | Conditlons
t1 CKIN High 10 - - ns
2 CKIN Low ) 13 - - ns
3 CKIN Frequency - - 83 | MHz
t4 Data Setup Time to ~VDAK, -SDAK 9 - - ns
5 Data Hold Time to ~-VDAK, ~SDAK 9 - - ns
18 —VDAK, ~SDAK Pulse Widih 5] - -| ns
7 Data Setup Time to -VIDW 10 - - ns | See Note 1
8 Data Hold Time to -VIDW 20 - - ns
19 -VIDW Pulse Width 20 - - ns
110 CKIN to-SD3 - -SDO0 Delay - 70 - ns | SeeNotes2, 3
11 CKIN to—VED3 - ~VEDQ, ~SUP Delay - 70 - ns | See Note2
t12 CKIN to -HSYC, -V/CS, FLBK - 75 - ns
t13 CKIN to —Hl Delay - 75 - ns
114 CKIN to ROUT, GOUT, BOUT ~ 30 - ns | SeeNote2
16 Analog Output Rise/Fall Time - 10 - ns Sea Note 4
t16 NIBSEL to ~SD3 - ~SDO0 - 50 - ns
W7 Q:knowledge To| -SDAKto-SDRQ - 50 - ns | SeeNote5
quest Delay | _ypak to -VDRQ - 50 - | ns | seeNotes
A.C.TEST WAVEFORMS A.C.TEST LOAD CIRCUIT

Device Under

—/—\ 35V Test
Inputs 08V :

Output 3 S0pF
utpu
Test Points 15V

Notes: 1. The data must be setup before —-VIDW goes active (low) because the data also contains the register address.
2. For pixel rates of 12 and 24 MHz, the outputs are referenced to the rising edge of CKIN. For pixel rates of 8 and
16MHz, the outputs are alternately referenced to either edge of CKIN.
3. The-SD3 - -SDO signals are output one pixe! time before the corresponding ~VED3 - ~VEDO due to pipeline
differences.
4. Assumes a 8 pF external foad.
5. -VDRQ or -SDRQ are cleared by the first -VDAK or ~SDAK respectively, as long as no request is pending.
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TIMING DIAGRAMS
INPUT CLOCK
s
CKIN
2 13
DMA WRITE CYCLES

D31-Do
t4 t5

-VDAK, -SDRQ \L

DMA WRITE CYCLES

D31 - DO
17 q t8

~ViDW
> o
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TIMING DIAGRAMS
CLOCK OUTPUTS
CKIN MW\__/_——

e 10 3
-8D3 - -SDO N /

| 111
~VED3 - ~VEDO, -SUP N yd

lall— t12 ]
~HSYG, -V/CS, FLBK l /S

el — 113 _1 :
—HI | /

- 114 -»\L
ROUT, GOUT, BOUT IMAX 72

- t15
NIBSELTIMING
NIBSEL Ny I
_eD3.-500 HI NIBBLE LOW NIBBLE HI NIBBLE
 €—118  g— 116

DMA ACKNOWLEDGE CYCLE

b3t - Do X X X X

17 —>|

~-SDRQ, ~VDRQ /
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ABSOLUTE MAXIMUM RATINGS
Ambient Operating Stresses above those listed may cause indicated in this data shest Is not
Tempsrature -10°Cto +80°C  permanent damage to the device. implied. Exposure to absolute maximum
These are stress ratings only. Fune- rating conditions for extended periods
(] 5 9
Storage Temperature  ~65°C10+150°C | operation of this device atthese may ffact device reliabilty.
Supply Voltage to or any other conditions above those
Ground Potentlal -0.5 Vto VDD +0.3V
Applied Output
Voltage -05Vto VDD +0.3V
Applied Input
Voltage -08Vto+7.0V
Power Dissipation 20w
D.C. CHARACTERISTICS: TA = 0°C to +70°C, VDD = +5 V 5%
Symbol Parameter ) Min Typ Max Units | Conditions
VOH Output High Voltage VDD -0.75 - VDD V | IOH=10.0mA
VOL Qutput Low Voltage - - 0.4 V | IOL=-3.0mA
VIH Input High Voltage 2.4 - - \
VIHV Input High, VIDW 35 - - Vv
ViL Input Low Voltage 0.0 - 0.8 v
It Input Leakage Current - | - 10 MA | VIN=OV-VDD
ILO Qutput Leakage Current - - 10 PA | VOUT=0V-VDD
ICC Opoerating Supply Current - - 20 mA | See Note 1
108 Output Short Circuit Current - 25 - mA | See Note 2
VouT Qutput Current Video DACs - - -2.0 mA
ISOUT Qutput Current Sound DAC - - -2.0 mA
ADVOL RVDAC, RSDAC Voltage - VDD -1.3 - V | Ses Note 3
ILATCH Input/Output Latchup Current 200 - - mA | See Note 4
VCOMP Vottage Video DACs - VDD -1.7 - V | NOUT=-20mA
Compliance Sound DAC - VDD -1.5 - V | ISOUT =-2.0 mA
CCOMP Gurrent Video DACs - 45 - mA | VOUT=VDD-0.7
Compliance Sound DAC - B - mA | VOUT=VDD-0.7
Notes: 1. Measured at 24 MHz pixel rate. This valua does net Include any cutrent output by the video DACs.
2. Not more than one output should be shorted to either rail and for no longer than one second.
3. This assumes 10 kQ resistors to VDD,
4

. This value is the current that inputs or oulputs can folerate before the chip latches up. This condition should b

avoided to prevent device damage.
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PACKAGING

PACKAGE OUTLINES
68-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

| 965 (24.511) ) , 083 (2.108)
1340 (22.876) 069 (1.753)

800 (20.220 | 072(1.629)

i 4PLS : [ 058(1.473)

LT T PO L

«+— SEATING PLANE

5085 (15.113) .965 (24.511)
585 (14.859) .940 (23.876)

sa
4
-~ ELECTRICALLY
— ACTIVE PLANE
ON THIS SIDE
050(1.270) TYP —| |e— l
060 (1.270) TYP 3 PLS

095 {2.413)
—_— |<—- -—bl l<— —_— 075 (1.905) LEAD 10ONLY
050 (1.270) TYP 035 {,889) TYP

- 3FLS - |

1040 (1.018) x 48°
CHAMFER INDEX CORNER
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PACKAGE OUTLINES (cont)
84-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

| 1.000 (25.40) REF [
__1} 048 (1.219)
542 (1.067)
]
|
1)
1
1]
PIN 1 INDEX ;
MAY VARY IN ;
SIZE AND
LOCATION
o oE i
1]
1]
4
1]
[ 1
ey 010 (0.254)
1188 o) DETAIL A DB Q@ZR)
4°ALL 9IDES £32(0813) —_—| |—
—| [ 026 (0.660)
—e] 049 (1.244)
ITL /ooa (0.203) RAD
o ,
1075 (1.805) MAX 008 0.427)
. AFTER
022 (0.612) —» i o A LEAD FINISH
130 (3.30) —_;o (1;7)— Ta:(om) 200 (5.08)
w0 @) e 050 163 1419) \
1130 A7) SEE DETAIL A 095 (0.889) RAD
1,080 (27.89)

Q4 (1.7

NOTES: UNLESS OTHERWISE SPECIFIED.

1, TGLERANCE TO BE +/- 005 {0.127).

2,LEADFRAME MATERIAL: COPPER.

3.LEAD FINISH: MATTE TIN PLATE OR SOLDER DiP.

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG FULL LENGTH OF LEAD,
6. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 (0.254) MAX ON FOUR SIDES.

6. CONTROLLING DIMENSIONS ARE METRIC, ALL METRIC DIMENSIONS ARE IN PARENTHESES, 25-80004 488

84



e A bd e A R L ™

& VLSI TeCHNOLOGY, INC T=90-20

PACKAGING

PACKAGE OUTLINES (cont)
144-PiN CERAMIC PIN GRID ARRAY

OEEPEEEEPCEPEOEE®)

® ©®

© ®

©® ©)

©, ©®

© ®

©® ©

&) = £

© ®

® ®

O ®

® ®

® ®

© ©

(efoJoJoJoJoJoJuJoJoJoJoJolole) r

|

i Tﬂﬂﬂﬂj mml TR

Q

]

n.';o%ATDvlgs .100 (2.540) TYP .018 (0.457)
A D D1 (E1 Q L
Pin Cavity ® ( . )

Count Matrix Pasition Min Max Min Max Min Max Ret Ref

0780 | 1020 | 1.559 | 1.501 | 1.388 | 1.412 | 0.050 | 0.130
(1.981) | (2.591) | (39.60) | (40.41) | (35.26) | (35.86) | (1.270) | (3.302)

144 15x 15 Up

Notes: 1. Alldimensions are in inches {mm).

Material; Al203

Lead Material: Kovar

Lead Finish: Gold plating 60 micro-inches min. thickness over 100 micra-inches nominal thickness of nickel

p@
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‘ PACKAGING

PACKAGE OUTLINES (Cont.)
160-PIN CERAMIC PIN GRID ARRAY

1.266 (32.15)
1.213 (30.80)

1.106 (28.10)
1.098 (27.90)

|inARARARARNI0ARARAAANRATAORAN ARG

C)\ INDEX

-

PIN 160

PIN 1

1.106 (28.10)
1.098 (27.90)
1.266 (32.15)
1.213 (30.80)

LNA0R0ARINENENNRARARCNRTARADMARADARRADAL
LA

l._

R
Nl

.152 (3.85)
~’I“.uus 3.45)

[=].004 (102)]

.084 (2.125)__|
.053 (1.35)

.008 (.203)
¢ 5

) 141 (3.57
}2}: ((3173 I -004 (.10)
NOTES: 4 i —J
1. CONTROLLING DIMENSION IS MM. T T7
.014 (.36) 010
-002 (.05) .037 (,95)
.026 (.65) 018 (-40)
TYP .016 {.40)
{*—.008 (,20)
[eLoos (.15) TYP®]
DETAIL —A—
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