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| NVENTION Field O The |nvent|on Thi,s invention relates to c hgé g@stens
and, nore particularly, to a ' RANDAC (random access nenory- dlgltal-to anal og
converter) used to transfert and process data froma frane buffer to an

out put di spl ay devi ce. 1

TIME MULTIPLEXING PIXEL FRAME BUFFER VIDEO OUTPUT
BACKGROUND OF THE INVENTION
Eield Of The Invent¥on
This invention relates to computer systems and, more
particularly, to a RAMDAC (random access memory—digital—to—analog
: converter) used to transfer and process data from a frame buffer
to an output display device.
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One of the significant problems inveolved in increasing the
operational speed of desktop computers has been in finding ways to
increase the rate at which information is transferred to an output
display device. Many of the various forms of data presentation
which are presently available require that large amounts of data
be transferred. For example, if a computer output display monitor
is opérating in a color mode in which 1280 X 1024 pixels are
displayed on the screen at once and the mede is one in which
thirty-two bits are used to define each pixel, then a total of
over forty million bits of information must be transferred to the
screen with each individual picture (called a "frame")} that is
displayed. Typically, sixty frames are displayed each second so
that over one and one-half billion bits must be transferred each
second- in such a system. This requires a very substantial amount
of processing power.
In order to provide such a large amount of information to an
output display device, computer systems typically utilize a ffame
buffer which holds the pixel data which is to be displayed on the

output display.
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History O The Prior Art One of the significant problens involved in

I ncreasing the operational speed of desktop conputers has been in finding
ways to increase the rate at which information is transferred to an out put
di spl ay device. Many of the various forps of data presentation which are
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exanple, if a cOhputer output displa
access memory to store one frame of data to be displayed. The

information in the frame buffer is transferred to the display from
the frame buffer sixty or more times each second. After &or
during) each transfer, the pixel data in the frame buffer is
updatéa:with the new information to be displayed in the next
frame.

Various improvements have been made to speed access in frame
buffers. In DRAM frame buffers, pixel data may be read from the
same port as data is written. This approach severely reduces the
time available for rendering graphics data to the frame buffer.
VRAM frame buffers add a separate video data port so that the main
pixel port remains free for rendering. Two-ported video random

" access memory (VRAM) or frame buffer random access memory (FBRAM)
has been substituted for dynamic random access memory so that
information may be transferred from the frame buffer to the |
display at the same time other information is being loaded into
the frame buffer. _

One of the problems which all frame buffers have faced is
caused by the method by which data is transferred from the frame
buffer to an output display device. Typically, the display device
is a cathode ray tube which renders the pixel data stored in the
frame buffer on a screen in a series of rows. A typical display is
comprised of 1024 horizontal rows, each of which includes as many
as 1280 individual pixels. A frame is described on the display by

writing individual rows of pixels starting at the upper left
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Is operating in a color node in which 1280 X 1024 pi xels are di splayed on
the screen at once and the node is one in which thirty-two bits are used to
define each pixel, then a total of over forty mllion bits of information
nmust be transferred to the screen with each individual picture (called a
"frame") that is displayed. Typically, sixty franes are displayed each
second sootiet ofveheodesplay -ofechakéw B pienldiis menserbe fransfegitred each

right across the display before a next row in sequence is begun,
When a row is completed, the next row below is begun at the left
side of the screen. Each row is rendered in order until the last
row at the bottom of the screen is completed. This completes one
frame. Tgén the process starts over from the beginning with the
next frame at the upper left corner of the display. As explained
above, in the typical display sixty individual frames are
presented each second.

In order to cause each of the pixels stored in the frame
buffef to be presented at the appropriate position on the display,
it is necessary to read the data for each pixel and transfer that
data to the circuitry which controls its rendering on the output
display device.

Frame buffers exist today that time multiplex the pixel data
output ¢of a RAM in order to pack 24-bit pixels onto a 32-bit data
bus. This invention differs from such prior art approaches in
that full 32-bit pixels are used, and the purpose is to allow a
whole 32-bit pixel to live in a single RAM chip.

' VRAMs of Samsung {Samsung WRAM) select 16 pins per RaM for
their video port. However, this approach does not suggest that a
whole 32-bit pixel be stored in the frame buffer, nor does it
suggest that a 32-bit pixel be time multiplexed to get the pixel
out of the frame buffer.

The data from the frame buffer is input to circuitry which

converts the data from the frame buffer to a form usable by the




second in such a system This requires a very substantial anmount of
processing power. In order to provide such a |large anount of information to
an out put display device, conputer systens typically utilize a frame buffer
whi ch hol ds the pixel data which is tq be di splayed on the output display.

output display device. Figures 1 and 2 each show a computer system
in which the present invention may be utilized where data in a
memory 11 from a host CPU 12 is placed on host bus 13 and passed by
rendering controller 14 to the frame buffer memory shown in Figures
1 and 2 as VRAMs 15a-15d, although FBRaAMs could be used as well. A
RAMDAC 21 is coupled to the host bus through the rendering
controller and to the frame buffer and includes a look-up table (or
LUT ‘'which is the RAM part of the RAMDAC) and other elements for
translating 16 bit data from VRAMs 15a-15d to a 64 or 128 bit
digital RGB signal which is converted by a digital to analog
converter (DAC) to three analog signals representing voltage levels
for red, blue and green which when combined at a pixel location in
monitor 25 create a desired color at that pixel. The particulars
of the frame buffer, rendering controller and monitor components
are well known in thé art and will not be described herein except
as necessary for a proper understanding of the invention. In this
connection, for the most part, the present invention is directed to
certain improvements t¢ RAMDAC 21 which provide the enhanced
capabilities of the invention.
SUMMARY OF THE INVENTION

For many graphics operations optimal performance is achieved
by storing an entire 32-bit pixzel in a single RAM chip. These
operations may be 2-buffering, blending, and raster operations
using an XOR function. When displaying video data from a frame
buffer, pixels must be read out serially from the frame buffer at

real-time speeds. The problem to be solved is how to get 32-bit




2 Typically a frame buffer offers a sufficient anbunt of random access
menory. to store one franme of data to be displayed. The information in the
frame buffer is transferred to the display fromthe frame buffer sixty or
nore tinmes each second. After (or

5
pixels out of a frame buffer RAM chip with the fewest pins. Pins

add cost, so limiting pins provides a lower cost solution.

As noted above, VRAM or FBRAM frame buffers add a separate
video data port so that the main pixel port remains free‘for
rendering. The number of pins used for this second port will
affect thé frame buffer's RAM, board and digital to analog
components cost.

In this connection, according to the present invention, a
frame buffer memory with 16 pins for serial video output is used.

- An entire 32-bit pixel is stored in a single RAM chip. For
convenience of notation, the 32-bit pixel is designated as
containing four byte (8-bit) quantities: X, B, G and R.

On the first clock cycle, the X and B bytes are made
available on the 16 pins of the frame buffer. On the next clock
cycle, the G and R bytes are made available. Thus, over two
cycles the eﬁtire 32-bit pixel is output from the frame buffer.

Another component called a DAC (from digital to analog
converter) samples the X and B bytes on 16 input pins. The DAC
stores these X and B bytes in an internal register. On the next
clock cycle it samples the G and R bytes. The DAC then
reassembles the ¥, B, G and R bytes'inéo a single 32-bit pixel for
conversion into video.

With this invention, 32~bit pixels are communicated across a
16-bit pixel data bus. A 16-bit data bus saves a total of 32 pins

(16 at the RAM for sending and 16 at the DAC for receiving) over a




during) each transfer, the pixel data in the franme buffer is updated with
the new information to be displayed in the next franme. Various inprovenents
have been made to speed access in frame buffers. In DRAM frane buffers,

pi xel data may be read fromthe sane port as data is witten. This approach

severely reduces the tine avail able for Qendean% gra hics data to the
frame bUtSEmultiplexed 32 bit data bus. The 32 pi aved results in a

lower frame buffer cost.
BRIEF DESCRIPTICN OF THE DRAWINGS

Figure 1 is a block diagram showing a system having a 64 bit
frame buffer memory in which the present invention may be utilized.

Ff&are 2 is a block diagram showing a system having a 128 bit
frame buffer memory in which the present invention may be utilized.

Figure 3 is a detailed block diagram of a RAMDAC which
employs the invented time multiplexing of pixel data hardware.

Figure 4 is a timing diagram showing 2:1 éingle buffered
interleaved pixel format. .

Figure 5 is a timing diagram showing 2:1 double buffered
interleaved pixel format.

Figure 6 is a timing diagram showing 4:1 single buffered
interleaved pixel format..

Figure 7 is a timing diagram showing 4/2:1 single buffered
interleaved pixel format. |

Figure 8 is a timing diagram showing 4/2:1 double buffered
interleaved pixel format.

Figure 9 is a timing diagram showing 8/2:1 single buffered
interleaved pixel format.

Figure 10 is a timing diagram showing timing for the pixel
port.

Figure 11 shows the SC pixel clock input to the pixel port.

Figure 12 is a timing diagram similar to Figure 10 showing

further detail of pixel port timing.




VRAM franme buffers add a separate video data port so that the main pixel
port remains free for rendering. Two-ported video random access nenory
(VRAM or frame buffer random access nenory (FBRAM has been substituted
for dynam ¢ random access nenory so that information may be transferred
fromthe frame buffer to the display at7the sane time other information is

being | oaded into the frane buffer. ) .
several functional blocks as follows: CPU port, interface logic,

address pointers and data registers 31, pixel port, pixel input
registers and serialization 33, shadow and RAM look-up tables,
transfer control and overlay/underlay logic 35, color moael
selg;tion 37, cursor logic serialization 38, monitor serial port
41, diagnostic registers and control logic 43, digital-analog
converters (DAC) 45a-45c and PLL clock synthesizer, pixel clock
divider and video timing generator 49. The invention lies mainly
in an implementation of the pixel port; pixel input registers and
serialization 33 c¢omponent of the RAMDAC. Therefore, the
. _the pixel
following description will be limited to kikeximsedx port, pixel
input registers and serialization, with informaﬁion pertaining to
the other components of the RAMDAC provided only as needed for an
understénding of the present invention. Although the other
components shown in Figure 3 may vary between RAMDACs of different
manufacturers, persons skilled in the relevant art will recognize
these various components and know how they or their equivalents
may be implemented
The pixel port is a synchronous input port which accepts
interleaved pixel data. Several interleaving formats are required.
Selection among these.utilizes register programming and is done as
part of a boot time configuration process. RAMDAC 21 has two pixel
ports, labeled A and B, with a programmable interleaving factor.
This configquration accommodates double buffered operation for
animation. Here, as in all other cases, the interleaving selection

is made during configuration. The selection of port A or port B is
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One of the problenms which all frame buffers have faced is caused by the
nmet hod by which data is transferred fromthe frane buffer to an out put

di spl ay device. Typically, the display device is a cathode ray tube which
renders the pixel data stored in the frgre buffer on a screen in a series
of rows. Aadgpbgadiechdiplaay windowmprttsdthuoe 1024 ldr peontal Inows]l @&ath of

whi ch includes as nmany as 1280 individual pixels. A franme is described on
§y259 pixel formats an X field comes from ports A and B. The

t he di spl

contents of the X data field are interpreted as either a Window
Identification (WID) index or as an Overlay Color. The Oﬁerlay
Color case and selectiné the particular interpretation of the X
data figld is discussed below.

For the case where the X field is interpreted as a WID,
Window ID’s (WIDs) are index addresses into a WID look up table
which serve to select the pixel source, e.g. port A or B, and to
associate the pixel with a particular color model. The X field is
a component of every pixel and its content may differ in
contiguous pixels. Therefore, port and color model selection must
be performed for each individual pixel.

The described interleaving formats are divided into two broad
categories. These are the single buffered interleaving format, and
the double buffered interleaving format.

In 2:1 and 4/2:1 input formats, the X field from port A is
used. The X field from port B is ignored.

In 4:1 and 8/2:1 input formats, the X field from each pixel
is used.

The X field doe; not directly control port and color model
selection. The contents of the lower five bits of the X field,
X[{04:00), constitute the address to the active WID LUT; hereafter
called WID[05:00]. It is contained in the locations corresponding

to these addresses and is used to effect the port and control



writing individual rows of pixels starting at the upper |eft 3 corner of
the display. Each row of pixels is rendered fromleft to right across the
di spl ay before a next row in sequence is begun,

9
Figure 13 is a circuit diagram of an implemenation of the

pixel port input registers and serialization according to the
present invention.

Figure 14 shows a pixel port interleaving format cifcuit for
pixel 0.

figure 1S shows a pixel port interleaving format circuit for
pixel 1.

Figure 16 shows a pixel port interleaving format circuit for
pixel 2.

Figure 17 shows a pixel port interleaving format circuit for
pixel 3.

Figure 18 shows a pixel port interleaving format circuit for
pixel 4,

Figure 19 shows a pixel port interleaving format circuit for
pixel 5.

Figure 20 shows a pixel port interleaving format circuit for
pixel 6.

Figure 21 shows a pixel port interleaving format circuit for
pixel 7.

Figure-22 is a circuit tiﬁing diagram for the pixel port for
pixel 0.

Figure 23 illustrates the interleaving format circuits 51
routing table.
DETAILED DESCRIPTION OF THE INVENTION

Figure 3 shows the components of a RAMDAC 21 which can pe

utilized to implement the present invention. The RAMDAC includes



When a row is conpleted, the next row below is begun at the left side of
the screen. Each rowis rendered in order until the last row at the bottom
of the screen is conpleted. This conpletes one frame. Then the process
starts over fromthe beginning with theygjext frame at the upper |eft corner
of the di sfiay. médse EXfd1aidtednaleyssding theddsipiieabrdi sphway sl xéy1d ndi vi dual
frames are presented each second.

“Color Model Table Data Entry Codes,” below.
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Selected Input Port and Color Model Color Model Co
5% 4

—

2
0
1

Input Port B - 24-Bit Non-Linear True Color
Input Port B - 24-Bit Linear True Color
Input Port B - 24-Bit Direct Color
Input PortB - &-Bit Non-Linear Grey Scale from B Channel
Input Port B - §-Bit Non-Linear Grey Scale from G Channel
Input Port B - §-Bit Non-Linear Grey Scale from R Channel
In[;u; Port B - 8-Bit Non-Linear Grey Scale from X Channel (8/2:1 or 4:1
only
Input Port B - 8-Bit Linear Grey Scale from B Channel
Input Port B - 8-Bit Linear Grey Scale from G Channel
Input Port B - 8-Bit Linear Grey Scale from R Channel
Input Port B - 8-Bit Linear Grey Scale from X Channel (8/2:1 or4:1 only)
Input Port B - 8-Bit Pseudo Color from B Channel
Input Port B - 8-Bit Pseudo Color from G Channel
Input Port B - 8-Bit Pseudo Color from R Channel

Input Port B - 8-Bit Pseudo Color from X Channel (8/2:1 or 4:1 only)
Input Port A - 24-Bit Non-Linear True Color
Input Port A - 24-Bit Linear True Color
 Input Port A - 24-Bit Direct Color
Input Port A - 5-Bit Non-Linear Grey Scale from B Channel
Input Port A~ 8-Bit Non-Linear Grey Scale from G Channel
Input Port A - 8-Bit Non-Linear Grey Scale from R Channel
Input Port A - 8-Bit Non-Linear Grey Scale from X Channel
Input Port A - 8-Bit Linear Grey Scale from B Channel
Input Port A - §-Bit Linear Grey Scale from G Channel
Input Port A - 8-Bit Linear Grey Scale from R Channel
Input Port A - 8-Bit Linéar Grey Scale from X Channel
Input Port A - 8-Bit Pseudo Color from B Channel
{ Input Port A - 8-Bit Psendo Color from G Channel

Input Port A - 8-Bit Pseudo Color from R Channel
Input Port A - 8-Bit Pseudo Color from X Channel
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Table 1, “Color Model Table Data Entry Codes,
Pixel Displ orderi
In each of the following described formats, pixel data port
pin group 0 always has the leftmost pixel as viewed on the screen

of all pixels coming in to the pixel port on a clock. Higher-."



In order to cause each of the pixels stored in the frame buffer to be
presented at the appropriate position on the display, it is necessary to
read the data for each pixel and transfer that data to the circuitry which
controls its rendering on the output display device. Frane buffers exist
today that tinme multiplex the pixel datguputput of a RAMin order to pack

24-bit pi XphROUL HA32: 51 LaRA xel are the more significant bits of the

pixels, i.e. cause a larger change in the DAC output voltage when
selected for color ﬁalette bypass.
RPixel Port Signals
RED, GREFEN, BLUF and Window Atfribute Field Pixel Tnputs
Tﬁese are the video data and window attribute inputs. To
facilitate discussion, assume that the pixel inputs are divided
into two ports, labeled A and B which consist of four groups per
port. Furthermore, each group is divided into an upper byte and a
lower byte. Thus, the pixel port comprises a total of 128 pixel

bits contained in groups ¢ through 7. Table 2 illustrates these

assignments.

Pixel Port Group Group Bits _Device Bits
(15:8) PB(63-56)

7 [7:0} PB(55-48)

[15:8] PB(47-40)

6 {7:0) PB(39-32)

B {15:8] PB(31-24)

5 [7:0} PB(23-16)

[15:8) PB(15-08)

4 {7:0] PB(07-00)

[15:8] PA(63-56)

3 [7:0} PA(55-48)

15:8] PA(47-40)

2 7:0 PA(39-32)

A [15:8] PA(31-24)

1 [7:0 PA(23-16)
15:8 PA(15-08).

0 {7:0] PA(07-00)

Table 2. Pixel Port Naming Convention
The arrangement of data arriving at the pixel port is
hereafter referred to as an interleaving format. RAMDAC 21

accommodates five interleaving formats which are selected by



bus. This invention differs fromsuch prior art approaches in that full
32-bit pixels are used, and the purpose is to allow a whole 32-bit pixel to
live in a single RAM chi p. VRAMs of Samsung (Sanmsung WRAM) sel ect 16 pins
per RAMfor their video port. However, this approach does not suggest that
a whole 32-bit pixel be stored in the fnane buffer, nor does it suggest
that a 32-WNEiphxatige repieten Ryosaraing Paydorrfd i kot time. The

five interleaving formats are defined below.
Pixel Formats Supported

Each of the pixel formats is explained and illustrated in the
following sections. It should be noted that the serialized pixel .
detail ‘is not intended to show a cycle relationship with data
coming in. The pixel format is selected by programming the Video

Format Control Register. The mapping of this register is shown in

Table 3.
Bit(s) Field Reset Description
Value
15-4 | Reserved _ 0x00
3 Transparent Overlay Enable 0 When set to a logical zero, the overlay

(0) Disabled disabled state, the enable bit causes the

(1) Enabled multiplexer to select the Underlay path,
i.e., WID[05:00] are passed to
CMC[05;00]. When set to a logical 1, the
overlay enabled state, the action of the
multiplexer is controlled by the result of
the equality comparison.

2 Double Buffer Enable 0 | This field is valid only when in the 4/2:1
(0) Single Buffered or 2:1 pixel format. Other formats require
(1) Double Buffered that this bit be set to 0.
1,0 | Pixel Format Control 00 | Selects the pixel interleaving format. The

(00) 2:1 LD frequency for each multiplex rate is:

(01) 4:1 fi p =1p/2 MHz,

(10) 4/2:1 fLD = fp/4 MHz,

(11) 8/2:1 fi D = fp/2 MHz,
fL.D = fp/4 MHz.

Table 3. Video Format Control Register

These formats are applicable when operated at pixel

frequency, fp, £ 135 MHz, with a LD frequency, fip = fp/2 MHz.



out of the frame buffer. The data fromthe franme buffer is input to
circuitry which converts the data fromthe frame buffer to a form usable by
t he 4 .

13
These formats are illustrated in Figures 4 and 5. The function of

the X field was explained above.
1:1 - Single Buff | I 1 g F :
This mode is valid ‘for fp,< 220 MHz. LD frequency. fip = fp/4

MHz. This format is illustrated in Figure 5.

-~

4/2:1 - Single and Double Buffered Interleaving formats

This mode is applicable when operated at pixel frequency, fp,
< 135 MHz. LD frequency, fip = fp/2 MHz.

This format is illustrated in Figure 6 and Figure 7.
8/2:1 - Single Buffered Ipterleaving Format

This fofmat is applicable when operated at frequencies fp, £
220 MHz. LD frequency, fip = fp/4 MHz.

This format is illustrated in Figure 8.
Pixel Port Timing

The design incorporates circuitry to insure correct entry of
pixel port data as the phase relationship of LD and pixel clock is
varied between certain limits. This circuitry performs the
required internal adjustments either during every vertical
blanking interval or when invoked by an external mechanism. The
mode of operation is controlled by registef programming. The
timing relationships of SC, LD, pixel clock and pixel data are
specified Figures 10-12. .

Table 4 provides a description of the various signals

utilized by the RAMDAC.



out put di spl ay devi ce.

t he present

CPU 12 is placed on host bus 13 and passed by rendering controller

the frame buffer 41 and 2 as VRAMs 15a-15d, although

FBRAMs coul d
through the r
| ook-up table

menory shown in Figure

Figures 1 and 2 each show a conputer systemin which
I nvention may be utilized where data in a nenory 11 from a host

14 to

Table 4

Referring now to Figure 13, the pixel port of the present

be—dsed—as—ael A=RAMDAC 21 s —cgupledtothe host bus

aangaal Name” |1/ cp a

"l'()QFU) ata Bus. Bidirechonal data. The port wi
zero fill unused bits on daté reads.

C(1:0) 1 CPU Control Bus Input. These si gnals serve a dual
purpose. They define major divisions in the RAMDAC
address space and the access type.

R/W 1 CPU Read/Wrnite Control Input. Defines the transaction
direction.

LB* 1 CPU Low Byte Control.

[CE* I | CPU Chip Enabie Input. When negated, this signal
causes the RAMDAC to ignore all CPU interface
signals with the exception of reset.

P(A,B)(63:0) I Pixel Port Inputs. These inputs have internal pullup
resistors that cause the logic level to be high if they are

: left unconnected. _

LD I Pixel Port Load Clock. The nising edge of thus signal

| _ captures input pixel data.

PVLD 1" | Pixel Port Data Valid. This input 1s captured on the
rising edge of LD, along with pixel data.

SC O | Senial Clock Qutput. This signal 1s produced by the
Pixel Clock Divider. It is meant to be used as the clock
for the serial port of the video memory, Please refer to
the description of the Pixel Clock Divider for details.

SCEN O | Serial Clock Enable Output. This signal is produced by
the timing generator and is meant to control the serial
port of the video memory.

STSCAN O | Honizontal scan line indicator. This signal 1s produced
by the timing generator and is meant for use by
external circuitry for the purpose of indexing the serial
port of the video memory.

FIELD }¥O ] Odd Field Indicator. This signal 1s produced by the
timing generator and is meant for use by external
circuitry for the purpose of indexing the serial port of

 the video memory.

XTALIL, XTAL2 1,0 | PLL Reference Crystal.

COMP, COMP2 Compensation for internal reference amphfier.

[ CSYNC* O | Composite Sync Output.

MON(3:0) 1 Monitor Serial Port Data

RESET* 1 Reset Input . This 1s the Reset signal. Its’ assertion
causes a number of actions, these are described in
following paragraphs.

invention may be implemented using interleaving format circuits 51,

the specifics of which are described with reference to Figures 14-



LUT which is the RAM part of the RAVDAC) and other elenments for translating
16 bit data from VRAMs 15a-15d to a 64 or 128 bit digital RGE signal which
is converted by a digital to anal og converter (DAC) to three anal og signals
representing voltage levels for red, blue and green whi ch when conbi ned at

a pixel location in nonitor 25 create aldesired color at that pixel. The
particul & SRLERRLIEFESDpUFPEL) , mamgdinagresistesl Per (fEGheni t or

co onents \ .
P maltiplexor 57 (MPX 2) and shift register 59 (SHIFT REG).

Figure 13 depicts the flow of signals and elements involved
in converting video pixeis provided in parallel into a sérial
stream_Pf single pixels. Here, the various interleaving formats
are acaéﬁmodated and the selection of display buffer, in double
buffer modes, is made. |

. Pixels are received from interleaving format circuits block
51 from the frame buffer memory, in several allowed parallel
formats. Thesé formats are described in Figures 4-9. The
interleaving format circuits block 51 performs the task of undoing
the interleaving and providing complete, 32 bit pixels at its
output.

The interleaving format circuits block utilizes eight sub-
blocks, each one manipulating incoming data to assemble one pixel.
The circuits comprising these blocks are illustrated in Figures
14-21 for pixels 0-7 respectively. Note that these circuits are
not identical but that they do have elements in common. These
elements are flip-flop M2, flip—-flop M3B and flip-flop M3C in the
diagrams for pixels 0-3 and flip-flops M2, M3A and M3B in the
diagrams for pixels 4-seven (the mnemonics differ but the
functions are identical). These elements deal with the time
multiplexed interleaving formats 4/2:1 and 8/2:1. Figure 22
depicts the action of the pixel 0 circuit in the 4/2:1 case, which
is identical to the remaining cases in every respect except the

period of LD and LD/2. .Figure 22 shows the mannex in which a



are well known in the art and will not be described herein except as
necessary for a proper understanding of the invention. In this connection,
for the nost part, the present invention is directed to certain

i nprovenments to RAMDAC 21 which provide jhe enhanced capabilities of the

i nventi on. - SLIMVRRY 36Fy, THE, | YENTT S0 &5 B RY of " ARISS c9BEK 8ty O @akh

performance i's achi eved
containing half of the pixel information. When either the 4/2:1
or 8/2:1 interleaving format is selected, bit 1 of the video
format control register is set to logic 1. This level céuses
multiplexer M4 to pass the output of flip-flip M3B to shift
regisfer M5; this is the lower half of a pixel and comprises the
GREEN and RED components of the pixel. The output of flip-flop
M3C also connects to shift register M5. This connection conveys
the upper half of the pixel, comprising the X and BLUE components
of the pixel. The manner in which pixel 0 is assembled in the 2:1
and 4:1 interleaving formats is not described in the timing
diagram. This subject is discussed in subsequent paragraphs.

As previously notedm the format circuits differ. They do so
as an artifact of. the design which utilizes simple circuitry to
implement a seemiﬁglﬁ complex task. That task is the re-
organization of the incoming data, not only to satisfy the time
multiplexing requirement, but alsc to accommodate single and
double buffered operation as well as modes which are not time
multiplexed. All of this is accomplished by routing the various
groups of incoming pixels to the appropriate interleaving format
circuit. This routing is depicted in Figure 23.

Returning to Figure 13, portions of the output of the
interleaving format circuits are passed to two blocks. The first
of these, titled D REG 55, is nothing more than a pipeline
register. It accepts PO through P7 from the interleaving.format

circuits. The second block multiplexor 53 is titled MPX 1. It



by storing an entire 32-bit pixel in a single RAM chip. These operations
may be Z-buffering, blending, and raster operations using an XOR function.
When di spl aying video data froma franme buffer, pixels nust be read out
serially fromthe frane buffer at real-tinme speeds. The problemto be
solved is howto get 32-bit 17
accepts PO through P3. Multiplexor MPX 1 is used to select the
appropriate buffer when the system is operate8i in 2:1 double
buffered mode. The multiplexer is controlled by bits 1 and 0 of
the video format control register as well as bit number 5 of the
of the X components of PO and Pl1. Not shown in the diagram is the
connecéﬁon to bit 2 of the user control register which enables or
disables the double buffered mode. The combined action of these
signals is as follows. If the double buffered mode is enable,
(user control register) and if the 2:1 mode has been selected
(video format control register) and bit 5 of the X component of PO
(for example) is 1 then the multiplexer passes P2, which is PO of
buffer B. If bit 5 were 0 instead of 1 than the multiplexer would
pass PO from buffer A. If the double buffered mode is not
selected, or if the 2:1 mode is not selected, the multiplexer
passes PO and Pl.
The output of the pipeline register, D REG, is treated in a
manner similar to that described in the previous paragraph.
However, in this instance, multiplexor MPX 2 deals with the 4/2: 1
double buffered mode. The control of this multiplexer is similar
to that described, however it is the 4/2: 1 mode (from the video
format control register) which forms part of the qualifier instead
of the 2:1 mode.
The final element of the circuit is the shift register which
receives PO through P7 in parallel and produces a serial output
consisting of one 32 bit pixel per pixel clock, starting with‘Fhe

location occupied by PO in the illustration. That is the device



5 pixels out of a frane buffer RAMchip with the fewest pins. Pins add

cost,

or FBRAM frane buffers add a separate video data port so that the main
pi xel port remains free for rendering. qu nunber of pins used for this

second poshi¥tklin the direction of the lowest numbered pixel occupying the

register. Although the register is shown to have eight levels, it
does not always shift eight pixels. Indeed, eight pixels are only
shifted in the 8/2:1 mode. Four pixels are shifted in the 4:1,
4/2: (single and double buffered) and two pixels are shifted in the
2:1 mo&e. This variation in depth is not accomplished by special
control circuitry but rather by the nature of the PAR(ALLEL) LOAD
clock driven by LD/n. The circuit which produces LD/n is not shown
but its operation is described as follows. The state of bits 1 and
0 of the video format control register control a divider which acts
to divide the input, LD, by two when in 8/2: 1 mode or 4/2: 1 mode.
When in 2:1 or 4:1 mode, LD is not altered but is simply passed to
the output LD/n. The effect of this circuit is to make the period
of its output LD/n equal to the period occupied by m pixels, where
m is equal to the interleaving factor.

Attached hereto as Appendices 1, 2 and 3 are specifications
containing further information relating to the above-described

invention.

so limting pins provides a | ower cost solution. As noted above, VRAM



affect the frane buffer's RAM board and digital

In this connection, according to the present inventi-on—a—+rare—buffer

pi xel
R
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CLAIMS

1. An apparatus for multiplexing pixel data from a frame
buffer for use by a RAMDAC for display on a display device
comprising:

a) interleaving format circuits for coupling to a frame
buffer and receiving interleaved pixel data; '

b) logic circuits coupled to the interleaving format
circuits for processing predetermined portions of the received
interleaved pixel data to produce pixel data for processing by
said RAMDAC.

2. The apparatus defined by Claim wherein  said
interleaving format circuits include circuits which undo the
interleaving performed by said frame buffer and assemble said
pixel data as received from said frame buffer into corresponding
sets of pixel data.

3. The apparatus defined by Claim 2 wherein said undoing
and assembling circuits comprises sets of registers and
multiplexors which are coupled together to form a plurality of
sub~blocks which ccoperatively operate so that each produces a
complete pixel formed by a predetermined number of bits.

4. The apparatus defined by Claim 3 wherein predetermined
ones of said sub-blocks receive signals which define the
interleaving format performed by said frame buffer.

5. The apparatus defined by Claim 1 wherein the
interleaved pixel data is in one of:
2:1 single buffered interleaving format;
2:1 double buffered interleaving format;
4:1 single buffered interleaving format;
4/2:1 single buffered interleaving format;

4/2:1 double buffered interleaving format;

to anal og conponents cost.

menory with 16 pins for serial video output is Us bit pixel
is stored in a single RAM chi p. For convenience! oﬁ l“ uuﬁuﬂ" ﬂl 2- b|t
i s designated as containing four byte (8-bit) qaantities: X and

8/2:1 single buffered interleaving format. This Sheet Has Been Replaced

il

il

il




On the first clock cycle, the X and B bytes are nmade avail able on the 16

pins of the franme buffer. On the next clock cycl e;—the—Gand—Rbytes are
made avail able. Thus, over two cycles the entire 32 ml‘mnmn”uﬂtlﬁm put
fromthe frame buffer. Another conponent called a D l

anal og converter) sanples the X and B byt es on 16 input®pins® The DAC
stores these X and B bytes in an internal register. On the next

6. The apparatus defined by Claim 3 wherein said received
pixel data comprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set being
designated PA(63:00), the bits in said second set being
designated PB(63:00), wherein one of said sub-blocks comprises:

a first register which receives bits PA(15:00) of said pixel
data;

a second register which receives bits PA(31:16) of said
pixel data; ,

a third register which receives bits PA(15:00) of said pixel
data;

a fourth register coupled to said first register;

a multiplexor coupled to said second and third registers;

a fifth register coupled to said fourth register and said
maltiplexor.

7. The apparatus defined by Claim 3 wherein said received
pixel data comprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set being
designated PA(63:00), the bits in said second set being
designated PB(63:00), wherein one of said sub-blocks comprises:

a first register which receives bits PA(31:24) of said pixel
data;

a second register which receives bits PA(63:32) of said
pixel data;

a third register which receives bits PA(31:24) of said pixel
data;

a fourth register coupled to said first register;

a multiplexor coupled to said second, third and fourth
registers;

a fifth register coupled to said multiplexor.

8. The apparatus defined by Claim 3 wherein said received
pixel data comprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set being
designated PA(63:00), the bits in said second set being

This Sheet Has Been Replaced
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clock cycle it sanples the G and R bytes. The DAC then reassenbl es the X
B, Gand R bytes into a single 32-bit pixel for cower—smn"“nto“\! E‘!h
n

this invention, 32-bit pixels are communi cated acros \W“ﬂ“m
bus. A 16-bit data bus saves a total of 32 pins (16 3(
and 16 at the DAC for receiving) over a1 -

ata
di ng

designated PB(63:00), wherein one of said &ub-blocks comprises:
a first register which receives bits PA(47:32) of said pixel

data;

a second register which receives bits PB(31:00) of said
pixel data;

a third register which receives bits PA(47:32) of said pixel
data;

a fourth register coupled to said first register;

a multiplexor coupled to said second, third and fourth
registers;

a fifth register coupled to said multiplexor.

9. The apparatus defined by Claim 3 wherein said received
pixel data comprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set being
designated PA(63:00), the bits in said second set being
designated PB(63:00), wherein one of said sub-blocks comprises:

a first register which receives bits PA(63:48) of said pixel
data;

a second register which receives bits PB(63:32) of said
pixel data;

a third register which receives bits PA(63:48) of said pixel

data;

a fourth register coupled to said first register;

a multiplexor coupled to said second, third and fourth
registers;

a fifth register coupled to said multiplexor.

10. The apparatus defined by Claim 3 wherein said received
pixel data comprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set Seing
desiénated PA(63:00), the bits in said second set being
designated PB(63:00), wherein one of said sub-blocks comprises:

a first register which receives bits PB(15:OO) of said pixel
data;

a second register which receives bits PB(15:00) of said
pixel data;

is Sheet Has Been Replaced
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6 non-nul tiplexed 32 bit data bus. The 32 pins saved results in a !omer
frame buffer cost. BRI EF DESCRI PTI ON OF THE DRAW N 1S a

di agram showing a system having a 64 bi |IIlIII\lﬂl\lllllﬂllllll\bll\
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a third register coupled to said first register;
a fourth register coupled to said second register and said
third register.

11. The apparatus defined by Claim 3 wherein said received
pixel data comprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set being
designated PA(63:00), the bits in said second set being
designated PB(63:00), wherein one of said sub-blocks comprises:

a first register which receives bits PB(31:16) of said pixel
data;

a second register which receives bits PB(31:16) of said
pixel data;

a third register coupled to said first register;

a fourth register coupled to said second register and said
third register.

12. The apparatus defined by Claim 3 wherein said received
pixel data comprises 128 pixel bits divided into two sets
containing 64 bhits each, the bits in said first set being
designated PA(63:00), the bits in said second set being
designated PB(63:00), wherein one of said sub-blocks comprises:-

a first register which receives bits PB(47:32) of said pixel
data;

a second register which receives bits PB(47:32) of said
pixel data;

a third register coupled to said first register;

a fourth register coupled to said second register and said
third register.

13. The apparatus defined by Claim 3 wherein said recéived
pixel data comprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set being
designated PA(63:00), the bits in said second set being
designated PB(63:00), wherein one of said sub-blocks comprises:

a first register which receives bits PB(63:48) of said pixel

data;

is Sheet Has Been Replaced
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frame buffer menory in which the present invention may be utilized. Figure
2 is a block diagram show ng a system having a 128‘5“Ffff nennry
in which the present invention may be utilized. Fi ngﬂ‘lmml

bl ock di agram of a RAMDAC whi ch enpl oys the invente oy I ng of
pi xel data hardware. Figure 4 is a tnnu@g_dlagran1shomnng :1 single
buffered interl eaved pi xel format.

a second register which receives bité PB(63:48) of said
pixel data;

a third register coupled to said first register;

a fourth register coupled to said second register and said
third register.

14. The apparatus defined by Claim 1 wherein said
processing means comprises:

a first multiplexor coupled to said interleaving format
circuits;

a pipeline register coupled to said first multiplexor and
said interleaving format circuits;

a second multiplexor coupled to pipeline register;

a shirt register coupled to said pipeline register and said
second multiplexor.

15. The apparatus defined by Claim 14 wherein said
interleaving format circuits assemble said pixel data as received
from said frame buffer into corresponding sets of pixel data and
said first multiplexor is coupled to said interleaving format
circuits so that a first set of said pixel data is a first
selectable input to said first multiplexor; a second set of said
pixel data 1is a second selectable input to said first
multiplexor; a third set of said pixel data is a third selectable
input to said first multiplexor; and a fourth set of said pixel
data is a fourth selectable input to said first multiplexor.

16. The apparatus defined by Claim 15 wherein said pipeline
register is coupled to said first multiplexor to receive first
and second selected outputs from said first multiplexor as_first
and second inputs and is coupled to said interleaving format
circuits to receive:

as a third input, said third set of pixel data;

as a fourth input, said fourth set of pixel data;

as a fifth input; a fifth set of pixel data;

as a sixth input, a sixth set of pixel data;

as a seventh input, a seventh set of pixel data; _,______e~ﬂ——-””“

et Has Been Replaced
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Figure 5 is a timng diagram showi ng 2:1 double buffered interleaved pixel

for mat .

Figure 6 is a timng diagram show ng 4:1 single

interleaved pixel format.. Figure 7 is a timng diagram
single buffered interleaved pixel format. Flgure 8is a t @ﬂ# ” I"ﬂ
- 24

showi ng 4/2:1 doubl e buffered

as an eighth input, an eighth set of pixel data.

17. The apparatus defined by Claim 16 wherein said second
multiplexor is coupled to said pipeline register to receive as
a first selectable input, said first through fourth sets of pixel
data output from said pipeline register, and as a second
selectable input, said fifth through eighth sets of pixel data
output from said pipeline register.

18. The apparatus defined by Claim 17 wherein said shift
register is coupled to said multiplexor so that first through
fourth sets of pixel data input to said shift register are a
selected output of said second multiplexor, and said shift
register is coupled to pipeline register so that fifth through
eighth sets of pixel data input to said shift register are fifth
through eighth sets of pixel data output from said pipeline
register.

19. A method for multiplexing pixel data from a frame
buffer for use by a RAMDAC for display on a display device
comprising the sets of:

a) undoing the interleaving performed by said frame
buffer and assembling said pixel data as received from said frame
buffer into corresponding sets of pixel data;

b) processing predetermined portions of the received
interleaved pixel data to produce pixel data for processing by
said RAMDAC.

20. The method defined by Claim 19 wherein said undoing and
assembling produces a plurality of complete pixel sets, each
formed by a predetermined number of bits. -

21. The method defined by Claim 20 wherein said undoing and
assembling steps produces first through eighth sets of complete
pixel data.

22. The method defined by Claim 21 wherein said process1ng

heet Has Been Replaced

i
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interleaved pixel format. Figure 9 is a timng diagramshow ng 8/2:1 single
buffered interleaved pixel format. Figure 10 is a ++m-ng—di-agram-show ng

pixel “port. Figbre 1215 & g diagramsim 1 ar ¢ RN A
- 25 -

step comprises the steps of:

first selecting first and second sets of pixel data from
among said first through fourth sets of pixel data;

passing said first and second sets of selected pixel data
and said third through eighth sets of pixel data;

second selecting first through fourth sets of said pixel
data from among said first through fourth sets of said pixel data
on the one hand and from among said fifth through eighth sets of
said pixel data on the other hand;

passing said second selected sets of pixel data as first
through fourth sets of pixel data and said fifth through elghth
sets of pixel data.

This Sheet Has Been Replaced
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further detail of pixel port tinmng. 7 several functional blocks as
follows: CPU port, interface |ogic, address pointers and data registers 31,
pi xel port, pixel input

26
TIME MULTIPLEXING PIXEL FRAME BUFFER VIDEO OUTPUT
ABSTRACT OF THE DISCLOSURE

A method and apparatus for multiplexing pixel data from a
frame buffer to a RAMDAC to reduce the number of pins required.
Rgr nmany graphics operations optimal performance is achiéved by
stéring an entire 32-bit pixel in a single RAM chip. When
diépla?ing video data from a frame buffer, pixels must be read out
serially from the frame buffer at re;l~time speeds. A frame
buffer memory with 16 pins for serial video output is used. Aan
entire 32-bit pixel is stored in a single RAM chip. For a 32-bit
pixel containing four byte (8-bit) quantities designated X, B, G
and R, on the first clock cycle, the X and B bytes are made
available on the 16 pins of the frame buffer. On the next clock
cycle, the G and R bytes are made available. Thus, over two
cycles the entire 32-bit pixel is output from the frame buffer to
a RAMDAC which samples the X and B bytes on 16 input pins. The
RAMDAC stores these X and B bytes in an internal register. On the
next clock cycle it samples the G and R bytes. The DAC then
reassembles the X, B, G and R bytes into a single 32-bit pixel for
conversion into video. In this manner, 32-bit pixels are

communicated across a 16-bit pixel data bus.

(Figure 3)
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serialization 33 conponent of the RAMDAC. Therefore, the foll ow ng
description will be limted to the pixel port, pixel input registers and
seri al i zatrrglihina adier mation pertaining to the other conponents of the

. RAMDAC provided only as needed for an understanding of the present

I nvention. Although the other conponents shown in Figure 3 may vary between

RAMDACs of different manufacturers,

persons skilled in the relevant art

recogni ze

Function Version A Version B
Maximum Pixel Frequency | 135 MHz €

220 MHz ®
Pixel Port Data Size 64 bit &

128 bit ®
Pixel Port interleaving 8,:1 ¢

4/,:1port B &

4f5:1port A ¢ ®

4:1 L ®

2:1 ® L
WID LUT, RAM 32x6 *® ®
Shadow WID LUT, RAM 32x6 ® L4
Color LUT, RAM 256x8x3 ® ®
LUT bypass path ® ®
Cursor Color LUT, RAM 3x8x3 & &
Cursor Bit Map 32x32x2 ¢ ¢
PLL Pixel Clock Synthesizer | programmable 1010135 10 to 220
Pixel Clock Divider programmable U Ul VA
Timing Generator programmable @ ]
Cursor Control Logic ] L
DACs, Three, R, G, B 8 bits per chan. ¢ ®
JTAG Port 5 bit * L 4
CPU Port 14 bit, parallel & L
Monitor ID/Control Port 4 bit, serial @ *




t hese various conponents and know how they or their equivalents may be
inplenented The pixel port is a synchronous input port which accepts

interl eavéﬁ" | ¢ Several interleaving formats are required.

Sel ecti on among these UtTtTZES Tegl ster progranmmngand s done as part of
a boot tine configuration process. RAMDAC 21 has two pixel ports, |abeled A
and 8, w t@P4Pat ogr ammabl e interl eaving factor.

The CPU port is the path of communication between the system and the various control registers and
state within the RAMDAC. This communication is regulated by an interface protocol which comprises
electrical and operational characteristics. The protocol defined here is an extension ofthe protocol used
for the Brookiree Bt458. .

2.1 interface Signals
2141 D[07:00]
: Bdurechona! data

212  C[01:00]
Input. These signals serve a dual purpose. They define major divisions in the RAMDAC address space
and the access type. Please refer to the address map for specifics.

213 Rw
input. Defines the transaction direction.

214 CE
input. Chip enable. When negated, this signal causes the RAMDAC to ignore all CPU interface signals
with the excaption of reset.

215 RS

input. This is the Reset signal. its' assertion causes a number of actions, these are described in following
paragraphs.

2.2 Interface Type

2.2.1 Thisis an asynchronous interfaoe, providing bidirectional communication.
23

2.3.1 Timing and electrical characteristics are defined in tables and diagrams which appear at the end of this
document. ltis important {0 note that the electrical characteristics must be consistent with LVTTL specifi-
cations operating at Ve = 3.3 vdc. Furthermore, no output or input, with the possible exception of PECL
clocks, shall be referenced to any voltage which is less than zero volts or greater than 3.3 volts.

24 rafi h isti
The RAMDAC address space is lamger than can be accommodated by an eight bit address. Furthermore,
some of the state is greater than eight bits in width. In order to improve efficiency, transactions (read and
write) are defined to be of two kinds. One kind, the indirect dccess, requires an address pointer, the other
kind, the direct access, does not. The address pointer can be written or read, as a direct access, via the
CPU port and provides an auto-increment funclion in the byte and word dimensions. Direct and Indirect

transactions are differentiated by encoding of interface bits C[01:00]. An address map will be provided in
a forthcoming revision of this document.-

24.1 ° Allversions of this RAMDAC indude cursor control logic, a cursor bit map and a cursor color LUT. These
versions require a second and wholly independent address pointer for all cursor state. All cursor state will
be identified by a unique value or sat of values of the interface bits C[01:00).

242 When asserted, system reset causes all address pointers to assume the reset state i.e., pointer value
equals zero.



This configurati on accommodat es doubl e buffered operation for animation.
Here, as in all other cases, the interleaving selection is nmade during

confi gura@;e%na&cht ion of port A or port Bis 8

3.1
3.14

3.1.141

3.1.1.2

3.1.2

Pixel Port
This synchronous input port accepts interleaved pixel data. Several interleaving formats are required.

Selection among these shall be controlled by means of register programming and is done as part of a
boot time configuration process. Versions B and C of the RAMDAC specify two pixel ports, labeled A and

_ B, with an interleaving factor of 4/, : 1. This configuration accommodates double buffered operation for

animation. Here, as in all other cases, the interleaving selection is made during configuration, while the
selection of port A or port B is made by decoding the Window Attribute field of port A. It is important to
note that X values are congruent to pixels. Refer to the paragraph on color model and port selection for a

" desctiption of the window attribute feature.

Pixel Port Signal

'RED, GREEN, BLUE and Window Attribute Field Pixel Inputs

These are the video data and window attribute inputs. RAMDAC versions A and B differ in that version B
has twice the number of input pins. To facilitate discussion, assume that the pixel inputs of version Aare a
subset of version B. Also assume that these inputs are divided into two ports, labeled A and B which
consist of four groups per port. Furthermore, each group is divided into an upper byte and a lower byte.
Thus, the pixel port for version A comprises a total of 64 pixel bits contained in groups 0 through 3, while
versions B comprises a tota! of 128 pixel bits contained in groups 0 through 7. The following paragraphs
itlustrate these assignments in table form.

Port 8, applicable to versions B and C.
group?, pixe! bits [15:08}
group?, pixel bits {07:00]
groupb, pixe! bits [15:08]
groupb, pixel bits [07:00]
group5, pixel bits [15:08]
groupS, pixe! bits [07:00]
group4, pixel bits [15:08]
group4, pixel bits [07:00]

Port A, applicable to all versions.
group3, pixel bits [15:08]
group3, pixel bits [07:00]
group2, pixel bits [15:08]
group2, pixel bits [07:00]

~ group1, pixel bits [15:08]

groupt, pixel bits {07:00]
group0, pixel bits {15:08]
groupO, pixel bits [07:00]

The arrangement of data arriving at the pixel port is hereafter referred to as an interleaving format. The
RAMDAC shall accommodate five interieaving formats which are selected by means of configuration
register programming performed at boot time. The five interleaving formats are defined in the following
paragraphs. .



made by decoding a window attribute field of port A. In 4:1 and 8/2:1 pixel
f or mat s aProtimfriagt Spechieatis from ports A and B. The contents of the X data

‘field are it-erpreted—as—either—a—Wrdewt+dentH-eat | or—WB—+ndex—e+—as

an Overlay Color. The Overlay Col or case and selecting the particul ar

| Nt egARet abh Ahghf bukbrad &éﬁem\gfwrﬁdada;bp'ﬁcémes&a%@lén@\erkdawperﬁ% atiplké! reasdcyes e
the X fielgzg@uenterpreted as a D,

LD frequency, fip. = ’plg MHz.
The function of the X field is explained in the paragraph which discusses color model selection.

FgR

op3
Pf15:08}

\’i

4 }.&-M s \’v

_%‘-’R’?-‘s{' b 'X'.

op3
P{07:00]
gp2
P[15:08]

op2
${07:00]

op1
P[15:08]
opt
P{07:00]
opo
P[15:08]

opo
P{07:00)

pixel number

24 il pris C O KX X2 X XA X5 X8 X7 X8 X2

plus X bits _
2:1 Single Buffered Interleaving Format




Wndow ID's (WDs) are index addresses into a WD | ook up table which serve
to sel ectp,temin%w,ce, e.g. port A or B, and to associate the pixel
with a particular color nodel. The X field is a conponent of every pixel
and its content nmay differ 1n contiguous pixels. Therefore, port and col or
nodel sel ection nmust be perforned for each individual pixel. The described

i nt e+1-84vihh shelebutieredinterdenving durat. pricabledo:br oad
Versions B. Pixel frequency, f,, < 220 MHz. LD frequency, f o, = /s MHz.

The function of the X field is explained in the paragraph which discusses color model selection.

3 Dot o b >
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s T St iR o A%
w7 P roeworoncs bt copriamp
P[07:00]

oy
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op6
P[15:06]

opb6
P[07:00)

ops5
P15:08)
op5
P{07:00]
gp4
P[15:08]
op4
P107:00]

op3
P[15:08]

op3
P{07:00)

op2
P15:08]

op2
P{07:00)

op1
P[15:08)

op1
P{07:00}

op0
P{15:08]
opo
Pl07:00]

pxe! number 0,1,2,3 4,5,8,7

o4 i pees XXX KX X 2 X3 X e X5 X e XD

plus X bits
4:1 Single Buffered interleaving Format




categories. These are the single buffered interleaving fornmat, and the
doubl e bufFraliirhry Sieetfitatiavi ng format. In 2:1 and 4/2:1 input formats, the X
field fromport—Aisused——The X fiegld fromport B s ighrored—th—4-1 and
8/2:1 input formats, the X field fromeach pixel is used. The X field does

not ghresct 1‘/¥ : ?.%mgre%&gé heﬁggdrﬁc?&%, ngéble to:

Port A of ali versions when operated at pixel frequency, {,, < 135 MHz. LD frequency, fip, = 'plg MHz.

Ports A and B of versions B when operated in double buffered mode at pixel frequency, {5, < 135MHz. 1D
frequency, fip, = fy/> MHz,

The function of the X field is explained in the paragraph which discusses color model selection.
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sel ection. The contents of the lower five bits of the X field, X 04:00,
constitute PrelimiagenSpesficatiot he active WD LUT; hereafter called W D[05:00].

It is contaifet—+A—the—tocatens—cor+esponding to these-addresses and js
used to effect the port and control

3.1.24 8/, :1, single buffered interleaving format, applicable to:
Versions B. Pixel frequency, f,, <220 MHz. LD frequency, f,p. - /s MHz.
The function of the X field is explained in the paragraph which discusses color mode! selection.




9 Figure 13 is-a circuit diagramof an inplenenation of the pixel port
i nput r egitBENRAKARPAEEROS| | zati on according to the present invention.
Fi gure 14 strows—eaprxet—port—imterteavinmg—format—crr cart—for prxefr—0:

Figure 15 shows a pixel port interleaving format circuit for
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pi.xel 1. Fifg#re 16_shows a pixel port interleaving format circuit for pixel
2. Figure F8U6T port interleaving format circuit for pixel 3.
Fi gure 18 shows—a pirxerport—Tmterteavimg—forrat—ett curt—for—pixet—4%:

3125 4 :1, double buffered interleaving format, applicable to:
Versions B. Pixel frequency, {5, <135 MHz. 1D frequency, f p, = ’plz MHz.
The function of the X fieki is explained in the paragraph which discusses color model selection.



Figure 19 shows a pixel port interleaving format circuit for pixel 5.
Figure 20 shawmad SPesfidati®ort interleaving format circuit for pixel 6.
Figure 21 shows a pixel port interleaving format circuit for_ pixel 7.
Figure 22 is a circuit timng diagramfor the pixel port for
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4/o:1 Double Buffered Interleaving For-
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313 Lo
input clock. Pixel data are stored on the rising edge of this dock. Plaass refer to the section describing
the cdlock generator for additional information.



pi xel -0. Fi gure 23 illustrates the interleaving format circuits 51 routing
tabl e. @%Q\an >TI ON OF THE | NVENTI ON Fi gure 3 shows the conponents
of a RANDA ’ch can be utilized to i npl ement the present invention.
The RAMDAC i1 ncl udes

314 VB, HB AD
Outputs. These are Vertical Blanking, Horizontal Blanking and Field. These signals are produced by the
timing generator and are meant for use by external circuitry for the purpose of indexing the serial port of
the video memory. Piease refer to the description of the timing generator for details.

315 SCen
"~ Output. This signal is produced by the timing generator and is meant to control the senal portof the video
memory. Pleass refer to the description of the timing generator for details.

316 SC
Output. This signal is produced by the Pixel Clock Divider. itis meant to be used as the clock for the serial
port of the video memory. Please refer to the description of the Pixel Clock Divider for details.

3.2 Pixel Port Timing

3.2.1 - Thedesign shallincorporate circuitry o insure correct entry of Pixel Portdata as the phase relationship of
LD and pixel clock is varied between certain limits. This circuitry shall perform the required intemal ad-
fustments either during every vertical blanking interval or when invoked by an external mechanism. The
mode of operation shall be controlied by means of register programming. The timing relationships of SC,
LD, pixel clock and pixel data are specified in diagrams and tables which eppear at the end of this docu-
ment.

4.1 The diagrams describing the various interleaving formats include a data field named X. The contents of
this field are interpreted as either Window Attribute Data (altematively called Window identification or
WID data) or as an Overlay Color. The case where the X field is interpreted as Window Attribute data is
discussed first. The Overlay Color case and the means of selecting the particular interpretation of the X
data field is discussed in following paragraphs.

Window Attribute data, after transformation by the WID look up table, serve to select the pixel source,
e.g. port A or B, and to associate the pixel with a particular color model. The X field is a component of
every pixel and its content may differ in contiguous pixels. Therefore, port and color mode! selection shall
be performed for each individual pixel.

42 The described interleaving formats are divided into two broad categories. These are the Single Buffered
interieaving format, applicable to all versions of the RAMDAC, and the Double Buffered interieaving for-
mat which applies only to version B. lLis important {o note that versions B shall accommodate both cate-
gories. Of relevance here is the difference in the location of the X field.

421 All interieaving formats of the Single Bﬁﬁered category shall include the X field in the upper byte of each
pixel group, as indicated in precading iflustrations.

422  The Double Buffered category shall indude the X field in the upper byte of all of the port A pixe! groups.
The comresponding locations of port B shall be ignored by the RAMDAC when operating in the double
buffered mode. Refer to the iliustration of the double buffered category.

43 The X field shall not directly controi port and color mode! selection. The contents of the lower five bits of
the X fiekd, X[04:00]), constitute the address to the active WID LUT; the data, hereafter called WID[05:00],
contained in the locations comresponding to these addresses, shall be used to effect the port and control
color model selection according to definitions given in the following table.
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- The diagram on the following page describes the color model selection mechanism.
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only) Input Port B - 8-Bit Linear Gey Scale fromB Channel 1 0 01
1 Input Port B - 8-Bit Linear Gey Scale from G Channel 10 0 1
0" I nput Porteiilinary@Sp8eiticdtit near G ey Scal e from R Channel 100 10
Input Port B-_8:-RBit linear Grey Scale from X Channel_(8/2:1 or 4-1 only)
00100 Input Port B- 8-Bit Pseudo Col or from B Channel 10
0 1 0

0

44! NPUps ROLEin ?pr-evig}slgs)ia}agrlzgs)he, %%%&t%lﬂ\%rx l{enj%rng ir%erg%?eg ggéither Window Attribdte gata(a) or

441

as an Overlay color. The purpose in this is to accommodate transparent overlays without incurring the
expense of additional planes in the frame buffer memory and additional fook up tabies in the RAMDAC.
This purpose is accomplished by using the 256 x 8 x 3 RAM LUT to contain overlay colors and by circuitry
which regulates the selection of overlay or underlay data for display. This regulatory function appears in
the color mode! selection diagram as the Overlay/Underlay Logic block. The details are diagramed be-
low. The principle of operation is described as follows. The contents of two registers, the mask register
and the color key register, define a transparent overlay color key valus. The color key value is compared

_ tothevalue (modified by the overiay mask register) contained in X[07:00]. lf the two values are equal, the

overlay is said to be transparent and the underlay color is displayed, i.e., the multiplexer passes
WID[05:00] to CMC[05:00]; therefore, the color model and the color source are chosen by the contents of
the Window Attribute word. ¥ the two values are not equal, the overlay color is displayed, i.e., the mult-
plexer passes 0x00 to CMCJ05:00]; therefore, the color model and color source are chosen by a
constant. This implementation defines the constant as 0x00, which causes the selection of the 8 bit pseu-
do color modal, with color data originating in the X inputs of port A {refer to the color model selection
table). Consequently, the data contained in the X field serve to address the color iook up table and there-
by select the overlay color.

TRANSPARENT 1 [
OVERLAY —t- )
ENABLE REGQISTER
. TRANSPARENT OVER- 8
LAY COLOR - _)_'8_
KEY REGISTER a
TRANSPARENT OVER- 8
LAY R LU o
MASK REGISTER
8 b NG
T i
CMC(0590)
WID{05:00) =
Overlay/Underlay Logic

- Although a register is called for in the diagram, this single bit quantity may be implemented &s a field of

some register. When set to a logical zero, the overlay disabled state, the enable bit causes the multtiplex-
er to select the Underlay path, i.e., WID[05:00] are passed to CMC[05;00]. When set to a logical 1, the
overlay enabled state, the action of the multiplexer is controlled by the resutt of the equality comparison.
The transparent overiay enable register shall be accessed via the CPU port. The system reset signal,
when asserted, shall cause the register to assume the overiay disabled stats.
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| nput. Port B - 8-Bit Pseudo Col or from R Channel 1 00O 0 01
. nput Porbelﬁmﬂag,t@&&ﬁ@greudo Color from X Channel (8/2:1 or 4:1 only) 100

00 O Input 4-Bit Non-Linear True Col or O 1 1 0
X X Input Port A - 24-Bit Linear TIrue Col or 0101«x
X Input Port A- 24- B|t D|rect Col or 0 1 00 x x
| nput-4-Por t Iapspagntverin ggigler Gr ey Scal e from B Channel 00 10 11

| nput  Por tnfs eag?g bﬂ;&anw derét%%&ﬁ%n@ﬁﬁh@ov@ﬁ%@ Kel ARyt andhe Xdatdto Befthe 0
the extent (in the bit dimension) of the color key value. Overlay Mask register bits set to logical one allow
the comresponding bits of the color key register and the X field to participate in the color key comparison.
Overlay mask bits set to logical zero preciude the comresponding bits of the color key register and the X

* field from comparison. The transparent overtay mask register shall be accessed via the CPU Port. Regis-
ter initialization is not required.

443  Transparent Qveriay Color Key Begister

This eight bit quantity defines the color kay value, subject to the contents of the mask register. The color
key register shall be accessed via the CPU port. Register initialization is not required.

4.5 The WID LUT and the SHADOW WID LUT

All versions of the RAMDAC shall incorporate two 32 x 6 LUTs which form part of the color model selec-
tion circuitry. These are the WID and SHADOW WID LUTs. Operating in conjunction with a control regis-
ter and a vertical blanking synchronizing mechanism, these LUTSs provide the data necessary to control
the path taken by each pixe! through the RAMDAC. The WID LUT is addressed by the X[04:00] field of
each pixel as described in the previous sections. its outputs are connected to the port selection mecha-
nism, the transparent overlay mechanism and, ultimately, to the various muttiplexors which control color
model selection. The following paragraphs define the requirements and describe the shadow mecha-
nism.

Ihe Purpose

The RAMDAC contains a number of LUTs which transform pixel data as they flow through the RAMDAC
and, ultimately, to the video monitor. This transformation occurs at some fraction of the pixel frequency
but the data which selacts the particular transformation resides in the WID LUT and originates in the host
system. Thus, the WID LUT constitutes a resource which is shared by two systems operating at unre-
tated clock rates. Furthermore, the effects of transformation are immediately apparent at the display, so
that if the host accesses the WID LUT during the acfive video interval, the display will be disrupted. One
way to prevent this disruptionis to fimit host access to the vertical blanking interval, which is approximate-
ty 500 x 10~ seconds in duration. The success of this scheme depends on the ability of the host system
to start and complete the data transfer within this interval. Unfortunately, this cannot be guaranteed be-
cause the response time of the host's operating system is large and variable. Clearly, some mechanism
which isolates host accesses from the pixel transformation process is needed. Such a mechanism is
provided by the SHADOW WID LUT and associated control circuits.

Descripti
The SHADOW WID LUT serves as a buffer between host accesses and the active WID LUT which actu-
- ally selects transforms. The problem of isolating host accesses from the selection process is solved by
altematively assigning ownership of SHADOW WID LUT to the host and the RAMDAC and by checking
for completion of transfer operations. This process is briefly described as follows. The host writes data
into the SHADOW WID LUT or reads data from it. These actions differ only in the direction of the fiow of
data between the host and the RAMDAC and between the shadow and active tables. in both cases, the
host issues a command to the RAMDAC which causes it to transfer data between the shadow and active
tables. The RAMDAC does not execute the command immediately upon reception, it defers execution
until the arrival of the next vertical blankding interval, at which time, the transfer of data batween the active
and shadow tables takes place. The transfer operation is guaranteed to reach completion within some



| nput Port A - 8-Bit Non-Linear G ey Scale fromR Channel 0 O
| nput” Port A - 8-Bit Non-Linear G ey Scale from X Channel 0 O
| nput Por Prefiminarg Sppdifidatinear Grey Scal e from B Channel 00
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Port A -8-Bit Linear Grey Scale from R Channel 000101 Input
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The hostis required to write the shadow table before issuing the write transfer command and it is required

to issue the read transfer command and receive acknowledgement before reading the shadow table.

The following paragraphs describe the required functions.

451 ' The SHADOW WID LUT may be written and read, at any time, via the CPU Port.

452  Aregister shall be provided for the purpose of initiating and monitoring such data transfers. The Com-
mand/ Status Register is written and read via the CPU Port The register functions are defined as follows.

45.21 Transter Direction
read/write
1 = shadow to active
- 0 = gctive to shadow

Directs RAMDAC hardware to either transfer the contents of the shadow table to the active table or to
transfer the contents of the active tablie to the shadow table.

4522 Transfer Command
read/write
1 = transfer
0 = no action

Directs RAMDAC hardware to execute the transfer operation immediately upon, but notbefore, the armiv-
al of the vertical blanking interval. This bit is set by sofiware and may be cleared by either of two events.
Either the transfer command bit is cleared by RAMDAC hardware when the transfer operation has been
completed or it is cleared by software, indicating the command has been withdrawn.

4.5.23 Daevice Status
read only
1 = busy, table unavailable
0 = table available

indicates whether or not the resource is available. This bit is set by RAMDAC hardware when it detects
that software has posted the transfer command. The set bit indicates the resource is busy i.e., either the
transfer is pending or itis in progress. The status bit is reset by either of two conditions. The first condition
ts the completion of a transfer operation. This event causes RAMDAC hardware {o reset the status bit to
indicate the resource is available. The second condition results because the protocol permits software
processes to withdraw transfer commands initiated by other processes or indeed by the same process.
RAMDAC hardware ressts the device status bit if software withdraws the fransfer command and the
transfer operation has yet to begin. The status bit is not reset if the transfer command is withdrawn after
the transfer operation has actually begun.

453  Thetransfer operation, shadow to active or active to shadow, shall be completed in less than ten micro-
seconds.

454 ° When asserted, the éyslem reset signal forces the Command/Status register to indicate no transfer
pending, table available and transfer mode is shadow fo active. The reset signal also forces the transfer
mechanism to assurhe the idie state.

5 Other Look Up Tables

The RAMDAC shall incorporate a number of LUTs which serve to transform pixel data, thus accommo-
dating a variety of color models, performing gamma correction and compensation for video monitor char-
acteristics. Selection of a particular color mode! is done for each pixe! under the contro! of the window
attribute input for that pixel. A forthcoming version of this documant will specity the various WID LUT to
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| nput-Port A - 8-Bit Pseudo Col or from G Channel 00O0O01O0 Input
0011

Port .A - 8-Bit Pseudo Col or from R Channel 000 nput Port
A - 8-Bit %I.Pr .from X Channel . 000O0OO Table 1, "Col or
Model Tabrgﬁ@}aﬁg& n r'cthodes, Pi xel Display Ordering In each of the

follow ng described Tornmats, pixel data port pirn group O always has the
| ef t rost pi xel as viewed on the screen .
color model mappings. For the moment, refer to the RAMDAC block diagram appearing on page 2. This

diagram iliustrates the principle of color model selection, it does not dictate a particular implementation.

Extant RAMDAC designs incorporate an “anti-sparide” feature which minimizes the disruption of the
video display when LUTs are aftered during the active portion of a video frame. This RAMDAC shall apply
“anti-sparkde” protection to the Color LUT. The WID LUT, the Cursor Bit Map and the Cursor Color Map
require different mechanisms. Refer to following paragraphs and to the paragraphs describing Cursor
Logic for descriptions of these afternate mechanisms. The Color Comrection and Gamma LUTs do not
require any “anti-sparkle” circuitry.
51  TheColorLUT

The RAMDAC shall incorporate three 256 x 8 RAM based iook up tables. These tables shall be accessed
intwo ways. First, table values may be written or read via the GPU Porl. Second, pixels entering the Pixel
port are routed to these tables by the color model selection mechanism. These accesses are not mutual-
ly exclusive. Consequently, “anti sparkle” circuitry shall be incorporated to minimize disruption of the vid-
eo display when both CPU and Pixet Ports are accessing the same locafion within the table.

The Color LUT accommodates the Pseudo and Direct Color models.
5.2 The GAMMA LUT

The RAMDAC shall incorporate three 256 x 8 ROM based iook uptables. These tables shall be accessed
by data routed to them from the pixe! port under the control of the color mode! selection mechanism. The
data contsined in the GAMMA LUT transform non-linear color values into linear color values. These
values shall be provided in a forthcoming version of this document

The GAMMA LUT accommodates the Linear True Color and Linear Grey Scale models.
53 The LUT Bypass Path

Although no ook up table is required for this function, the LUT Bypass Path is described in this section
because it implements the Non-linear True Color and Non-finear Grey Scale models. When selected,
this path connects pixel data entering the Pixe! Port to the address inputs of the Calibration LUT or the
digital to analog converters depending on the RAMDAC version under discussion. it is important to note

that the timing of pixel data taking this path must be the same as for any other path for a given RAMDAC
version.

54 The Calibeation LUT
Version C of the RAMDAC shall incorporate three 256 x 8 RAM based look up tables. These tables shall
be accessed in two ways. First, table values may be written and read via the CPU Port. Second, these
tables are not subject to the actions of the color mode! selection mechanism. Pixels of all color models

seorve as addresses to these tabies. These tables provide ameans for achieving consistent video display
characteristics over a range of video moitor types.

6 PLL Pixal Clock Synthesi

A programmable, multipiying, phase locked loop synthesizer, operating from an extemal frequency ref-
erence, shall provide the pixel ciock. The frequency range, the reference frequency {or frequencies),
phase noise figures, as well as programming detaiis will be provided in a forthcoming revision of this
document. Note that programming of the PLL shall be done via the CPU Port. Here are some general
features required of the design.

6.1 Two oplions exist for generating the reference frequency. The design should accommodate either case
by means of connection or register programming.

6.1.1 An external crystal reference is connected to a RAMDAC resident oscillator which produces the refer-
ence signal.
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-a | ar ger rraamigey Spedficati DAC out put vol t age when sel ected for color palette
bypass.

6.1.1.1  Anextemal, crystal controlled oscillator provides the reference in the form of a differential PECL (operat-
ing from Vce = ?) signal.

6.1.2 A means for bypassing the intemal clock generator and intemal reference osdillator is required. When
bypass is active, an extemally generated PECL diflerential clock is applied to the RAMDAC which uses it
as pixel dock. -

7 ' Pixel Clock Divider
A programmable divider, producing sither the pixel frequency 1, /, or /4 for intemal and extemal tim-
. ing/ s required. Extemnally the output of the divider, SC, may be used as the video memory serial port
clock and, when connected to the LD input, as the Pixel Port clock. A forthcoming revision of this docu-

ment will specify driver characteristics. Note that programming of the divider shall be done via the CPU
Port.

8 ' Timing Generator
A programmable generator, operating from the pixe! clock, or a fraction thereof, and providing video dis-
play and video memory timing reference signals, is required. The number of registers or the size of

memory required to store timing generator parameters depends on the design. These elements will be
specified once more is known about the implementation.

The timing generator produces signals which are described below. in all cases the points of assertion
and negation shall be programmable. The timing generator shall operate in two dimensions, these are
horizontal, comresponding to the horizontal scan of a video display format, and vertical, corresponding to
the vertical scan of a video display format. Events in the horizonta! dimension, such as horizontal synch,
shall be placed on boundaries defined by /g, %/, or 4/ periods. Events inthe vertical dimension, such as
vertical synch, shall be placed on boundaries defined by a whole number of horizontal scansin the case
of sequential displays, or by half horizontal scans in the case of interlaced displays. The number of 1/,
2Jyp or 41y, periods comprising a horizontal scan and the number of horizontal scans comprising a video
frame is variable. The design of the generator shall be such that when generator outputs are observed at
the outputs of the RAMDAC, they are correctly placed relative to the video data. For example, if the gen-
erator is programmed to assert some event congruent to pixel number p, then it will be seen, at the RAM-
DAC output, to occur at a position corresponding to pixel number p. The timing generator shall incorpo-
rate a rudimentary frame synchronization feature. This feature is described in the following paragraphs.
Finally, the synch generator shall incorporate a control register, possibly operating in conjunction with
system reset, which permits software, via the CPU port, to individually enable or disable horizontal and
vertical synch. The following paragraphs describe additional synch generator requirements.

8.1 Frame Synchronization

The synch generator shall provide a means for video frame synchronization of several displays. The
synch generator shall be capable of operafing either as a master or a slave as specified by a control
register bit. The controlling function will be fully defined in a forthcoming revision to this document.

8.1.1 When the synch generator is operated as a master, the signal FLD is an output producing the periodic
functions described in paragraph 8.2.4.

8.12  Whenthe synch generator is operated as a slave the signal FLD is an input which serves to set the hori-
zontal and vertical elements of the generator so that they correspond to the start of vertical synch. Synch
generators operated in the siave mode shall not drive the FLD signal.

8.1.3  The phase relationship of vertical synch emitted by the master generator and vertical synch emitted by
any slave generator will defined in a forthcoming revision to this document. For the moment, assume that
the vertical synch emitted by any slave generator shall lag the vertical synch emitted by the master gen-



Pi xel Port Signals RED, GREEN, BLUE and Wndow Attribute Field Pixel Inputs
These are glignivdrfl f and window attribute inputs. To facilitate

di scussion, _assune that the pixel inputs are divided into two ports,

| abel ed A and B which consist of four groups per port. Furthernore, each

group is divided into an upper byte and a | ower byte. Thus, .the pixel port
conpri ses grqtgpélp&qﬁanfgpnmq@ewﬂs {that number being approximately one half of the horizontal scan

period of the 1280 x 1024 @ 76 Hz video format).

8.2 System Beset
When asserted, the system reset signal, RS, causes three effects. These are described as follows.

B8.2.1  Aregistered function named Video Enable shall be forced to the video disabled state by the assertion ot
system reset. This condition shall persist after the negation of system reset and until it is overwritten via
the CPU Port. Video Enable, whenin the disabled state, asserts composite bianking within the RAMDAC
so that the video monitor remains black while the timing generator is being programmed.

8.2.2 When asserted, system reset forces the timing generator to assume a known state. Should the imple-
mentation require it, a registered function named Synch Gen Enable shall be incorporated. Synch Gen
Enable shall be forced to the synch gen disabled state by the assertion of system reset. This condition
shall persist after the negation of system reset and until it is overwritten via the CPU Port. The purpose is
to hold the timing generator in a known state while it is being programmed.

823  Whenasserted, system reset causes the synch generator to be in the slave mode. The FLD signal shall
be placed in the high impedance mode when the synch generator is in the slave mode.

824  Timing Generator Signals

825 CS
Composite Synch. This signal is conveyed to the video monitor as a discreet signal or, optionally, it is
added to the Green channel DAC in the usual manner. The “synch on green"” and other composite synch
options shal! be controlied by register programming. Composite Synch is the video synchronization sig-
nal and comprises horizontal and vertical, optionally serrated, synch components. For interiaced for-
mats, such as NTSC and PAL, these components indiude horizontal equalization pulses. HDTV requires
multilevel synch pulses. In this cass, the timing generator produces signals which are converted to the
required analog levels by the RAMDAC . A forthcoming version of this document will specify output levels
for HDTV and other casas as well as driver characteristics.

826 CcB
Composite Blanking. Intemal use only. This is the video blanking signal comprising vertical and hotizon-
tal elements. When asserted, composite blanking causes the RAMDAC analog outputs, R, G, and B, to
assume the voltage leve! which comresponds to black.

827 vB
A Pixel Port output. VB is the vertical blanking signal. External circuitry interprets this signal as “top of
frame”and uses it to index the video memory.

828 HB
A Pixe! Port output. HB s the horizontal blanking signal. Extemal dircuitry interprets this signal as “start of
horizontal scan” and uses it to index the video memory.

8.29 FLD

. Apixel port bidirectional signal. FLD is an input when the synch generator is operated in the slave mode;
it is an output when the generator is operated in the master mode. Refer to paragraph 7.1.
When the generator is operated in the master mode, FLD is used in stereo and ilteriaced display formats
to indicate which field is to be displayed. in interlaced formats, FLD differentiates odd and even fields. In
the stereo format, FLD differentiates teft and right views. in sequential display formats, FLD simply indi-
catas the start of the frame. Extemal circuitry uses FLD fo index the video memory and, in the stereo
format, to control LCD shutiers used in stereographic viewing. FLD shall change state congruent to verti-

cal synch plus an offset. A forthcoming revision of this document will fully describe the characteristics of
the FLD signal.



bits contained in groups O through 7. Table 2 illustrates these

assignnents. Pixel Port G oup G oup Bits Device Bits
[ 15: 8] PB P¢dithirtaf) Spécificat’ [7: 01 PB(55-48) [15: 8]
PB(47-40) 6 [Z.0] PB(39- 32)

A Note to SUN Enginesrs

The FLD signal will be an LVTTL signal referenced to V. = 3.3 voits. At present, LCD shutters used with
stereographic displays specify standard TTL levels referenced to V. = 5 volts. Consequently, it may be
necessary to supply an extemnal (to the RAMDAC) leve! transiator. This matter is under investigation,

8.2.10. SCen
A Pixel Port output. Serial Clockenable is used by external circuitry to regulate the extraction of data from
the serial port of the video memory. Assertion and negation of this signal are controlled by two factors,
these are the horizontal scan line number and the horizontal pixel number. The latter factor becomes a
* pixel group number in cases where the timing generator is operated at some fraction of the pixel frequen-
cy.

8.3 The following is a partial iist of display formats which the timing generator shall support. A forthcoming
- version of this document will specify the entire complement of formats.

8.3.1 The following apply to Version B and are a part of the premium feature set.

83.1.1 HDTV [applicable only to Version B]

8.3.12 1600 x 1280 @ 76 Hz, f, = 216 MHz [applicable only to Version B].

83.1.3 1280 x 1024 @ 76 Hz, £, = 135 MHz, double buffered [applicable only to Version B].

832  The following apply to all versions-and are a part of the standard feature set.

8321 1280x1024 @ 76 Hz, {, = 135 MHz, single buffered

8322 1152x900@ 71 Hz, {; = 108 MHz

8323 960 x 680 @ 108 Hz, f, = 100 MHz, stereographic display

8324 1024 x768 @ 60 Hz, f; =64 MHz

8.325 768x576 @ 50Hz, PAL

8326 640x480@ 60 Hz, NTSC

833  Anoteontheinteriaced formats NTSC, PAL and HDTV, The timing generator shall comply with the tim-
ing speciiications for these formats with one exception. Each of these formats assert and negate vertical
blanking on half line boundaries so that each field consists of n + 1/, horizontal scans. The generator
shall incorporate circuitry which alters the timing of blanking for each field so thatn + 1 horizontal scans

are displayed in each field. This feature and HDTV requirements will be fully described in a forthcoming
version of this document.

Cursor

91 All versions of the RAMDAC shall incorporate cursor controllogic, a32 x 32 x 2 cursor bitmapand a3x8
x3 cursor color LUT. These elements are described below. Cursor circuitry shall support all of the display
formats listed in paragraph 7.3. However, there is no requirement to support a stereo cursor. in this

. made, the cursor is displayed in the manner of any sequential scan display format e.g., 1280 x 1024.
Finally, it is important to note that all cursor state requires a separate address pointer as described in the
CPU Port Paragraph. Address mapping shall be provided in a forthcoming version of this document.

8.1.1 A 3 x 8 x 3 color look up table ¢hall be provide for cursor use. The table shall be accessed in two ways.
First, color values are written and read via the CPU Port. Sacond, cursor pixels, originating in the cursor
bit map, address the table which introduces the associated 24 bit color value into the video data stream.
The depth of the cursor bit map allows four combinations of color and control. An example mapping is
shown below, however more than one mapping may be required for the transparent color. in that case,
the RAMDAC shall provide a register bit to select the mapping of the transparent color. Transparent color
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PB(23-16) |
[15: 8]
PA(4740)

8.1.2

8.1.4

9.1.5

10
101

"
111

[15: 8] PB(31-24) 5 [7:0]
. PB 15-08) 4 7:0 PB( 07- 00
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mapping selection is notrequired to operate at the pixel rate. This selection is done as partof a configura-
tion procedure which is performed at boot time. A forthcoming version of this document will specify thase
mappings.

11 selects cursor color three.

10 selects cursor color two.

01 selects cursor color one

00 selects transparent color.

This defines the display precedence. For all but the transparent color of the cursor pixel, the RAMDAC
shal! replace the 24 bit RGB color datum with a 24 bit cursor color datum. When the cursor color is trans-
parent, the 24 bit RGB color datum shall pass unimpeded. itisimportant to note that this selection occurs

~ for each pixel.

Cursor Control Logic

A cursor coordinate address is supplied to a cursor control logic register via the CPU Port. This address
shall be partitioned into sufficiently large X and Y fields to accommodate the dispiay format having the
greatest number of pixels and horizontal scans. The cursor control fogic continuously compares the cur-
sor coordinate address to the X and Y addresses produced in the Timing Generator. When equality is
detected, the control logic extracts the contents of the cursor bit map for processing by the cursor color
table. Each cursor bit map address produces a 32 x 2 quantity which describes one horizontal scan of the
cursor image. Note that this extraction implies a serialization of the bit map output in the x dimension,
occurring in step with video data, while bit map word addresses change in step with vertical scan lines. it
is important to note that the cursor image shall invariably be written into the bit map without special ac-
commodations for interlaced formats. Cursor logic shall comrectly interiace the output of the bit map in the
Y dimension when operating in the interlaced display mode. The mode information is available in a Tim-
ing Generator control register. Finally, a means, other than system reset, for resetting the cursor control
logic and disabling the display of the cursor image shall be provided in the form of & one bit extension to
the cursor coordinate address.

System Rasot

Upon assertion, the system reset signal, RS, shall force the cursor contro! logic into a lnown state.
Cursor Bit Map

This 32 x 32 x 2 memory contains the cursor image. it is accessed in two ways. First, the cursor image

shall be written or read via the CPU Port. Second, the cursor control logic addresses the bit map in the
rmanner described in 8.1.2.

Cursor Color LUT
Refer to paragraph 9.1.1.
W r | Diagn

- The RAMDAC design shall incorporate & mechanism for capturing digital pixel data at a pointimmediate-

fy prior to analog conversion. The number of pixels to be captured and the means for identifying the pixels
tobe captured have not yet been determined. A forthcoming revision of this document shall specify this

The RAMDAC shall incorporate a four bit register for use as the hardware portion of a software driven,
synchronous, half duplex serial interface. This interface provides the means for reading video monitor
wentification codes and for controlling certain monitor functions from the host system. The host system
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[ 7: 0] PA(39-32) A
PA(31-24) 1 [ 7:0] PA(23-16) [15:8]
[ 7: 0] PA(07-00) Table 2. Pixel Port Nam ng

PA(15-08) Opcoprinery Socicl _ _ |
Qonventionop')lfﬁlém'gﬂa genent of data arriving at the pixel port is

1111

11.1.2

11.1.3

11.1.4

12
1241

122

123

shall communicate with the interface register via the CPU port. Register inputs and outputs shall also be
connected to four RAMDAC pins which form part of the physical interface to the monitor. The functions of
these pins are described below. it is important to note that no interface control circuitry is required. All of
the interface controls, the interface clock and the transmit data are formed by writing the appropriate
three bit field to the register.

CLK
Output. This is the serial interface clock

TxD
Ouput. This is the transmit data bit.

Rxd

Input.

This is the receive data bit.
DSBL

Output. Interface enable.

JTAG

As a minimum requirement, the RAMDAC design shall incorporate circuitry to implement boundary scan
testing as defined in IEEE Standard Test ‘Access Port and Boundary-Scan Architecture (IEEE Std
1149.1-1990). The Tap Access Port (TAP) shall include the TRST* (test reset) signal. Please refer to
sections 3.1.1,3.2, 3.3, 3.4, 3.5, 3.6 and 5.3 of the cited document for a complete definition of the Test
Access Port.

Although not required by SUN, the use of intemal scan to facilitate testing of circuits such as the synch
generator is strongly recommended.

The RAMDAC shall incorporate a Device idertification Register which can be accessed via the Tap Ac-
cess Port as defined in sections 7.10 and 7.11 of IEEE Standard Test Access Port and Boundary-Scan
Architecture (IEEE Std 1149.1-1990). Furthermore, the contents of the Device identification Register
shall be accessible via the CPU Port. The register shall be a read only device and shall uniquely identify
the device in accordance with requirements and principles setforth by the JEDEC organization andin the
SUN Microsystems document SUN Standard JTAG Encodings (rev 2/20/90).



hereafter

referred to as an interleaving fornmat.

five interleaving formats which are sel ected by
r egi st er pPelnaanyiSpgcifpatid or ned at boot tine. The

RAMDAC 21 accommodat es

12 configuration

13 Ackiress Mapping
13.1 Address Map - Control Field Definition

Function Access Type Control Feld
) Control bit 1 Control Bit 0
Cursor Functions indirect 1 1
Cursor Address Pointer Direct 1 0
Configuration Functions indirect 0 1
Configuration Address Pointer Direct 0 0
132 Address Map - Cursor Functions
Function Size! C{01:00] Pointer Address
Undefined 0x03 OxFF
| 0x86
Cursor Coordinate - Aclive Register 01x32 0x03 0x85
Cursor Coordinate - Shadow Register 01x32 0x03 Ox84
Cursor Control and Status Register 01x08 0x03 0x83
Cursor Color Lut 03 x08x03 Cx03 0xB82
0x80
Reserved Ox7F
0x40
Cursor Bit Map - Plane 1 32x32 0x03 Ox3F
0x20
Cursor Bit Map ~ Plane 0 32x32 0x03 Ox1F
0x00
Cursor Address Pointer 01x08 0x02 -

Note 1: The size of an element is exprossed as follows:

{ the number of words) x (the word size, in bits) x (the number of tables, if applicable)




five interleaving formats are defined bel ow. Pixel

Formats Supported Each

qf the pi xﬁleﬁfor s ILs explained and illustrated in the follow ng
sections. [T®"THEN bted that the serialized pixel. detail is not
intended to~sShow a cycte TetatTonsti p wtihr—data—contrng—m: ' mat
I's selected by programmi ng the Video Format Control Register. The nmapping
of t h13&3 r eghddress Map -<Cramfiguration Functions
Function Size! C{01:00] Pointer Address
Reserved Ox0153
Ox0152
.)_ﬁdeo Format Control Register 2 01 x16 0x01 0x0151
Video Format Control Register 1 01x16 0x01 0x0150
Reserved 0x014F
0x014C
VCO Range Register ths 0x01 0x014B
PLL N Register ths 0x01 Cx014A
PLL M Register ths 0x01 0x0149
Ciock and Pre-scaler Control Register 01x08 0x01 0x0148
Reserved | 0x0147
0x0144
Transparent Overlay Mask Register 01x08 Ox01 0x0143
Transparent Overlay Color Key Register 01x08 0x01 0x0142
Pixel Port Configuration Register 01x08 0x01 Cx0141
Window Attribute - Active LUT 32 x06 0x01 0x0140
0x0121
Window Attribute — Shadow LUT 32x06 0x01 0x0120
0x0100
Color LUT 256 x 08 x 03 0x01 Ox00FF
0x0000
Configuration Address Pointer 01 x16 0x00 -
Nt 1(: u.“? nﬁzrtg)gr' :m: ?@’?‘;u“;'ifn'm {the number of tables, if applicable)




Table 3. Bit(s) Field Reset Descri pton Val ue
15-4 ResepNad P, 0x00 3 Transparent Overlay Enable O
When set to a lIngrg!ji .Eai zero, the overlay (0) Disabled

di sabl ed state, the enable bit causes the (1) Enabled

mul ti pl exer to select the Underl ay path,
Continuation of Address Map ~ Configuration Functions

Function Size! C{01:00] Pointer Address
Reserved 01 x12 ox01  Ox016F
O0x016A
FLD Offset Register 01x12 Ox01 0x0169
Equalization Interval Negation Point Reg. 01x12 0x01 0x0168
Equalization Interval Assertion Point Reg. 01x12 0x01 0x0167
V-biank. Negation Point Register 01x12 Ox01 0x0166
V-blank Assertion Point Register 01x12 Ox01 0x0165
V-synch. Negation Point Register 01 x12 0x01 0x0164
V-synch. Assertion Point Register 01 x12 0x01 0x0163
SCen, V Negation Point Register 01x12 Ox01 0x0162
SCen, V Assettion Point Register 01 x12 0x01 ox0161
Vertical Counter Modulus Register 01x12 0x01 0x0160
Reserved Ox015F
H-semation. Negation Point Register 01x12 0x01 0x01SE
H-sermration. Assertion Point Register 01x12 0x01 0x015D
H-equalization. Negation Point Register 01 x12 Ox01 0x015C
H-equalization. Assertion Point Register 01x12 : 0x01 0x0158
H-blank. Negation Point Register 01 x12 0x01 Ox015A
H-blank. Assartion Point Register. 01 x12 0x01 0x0159
H-synch. Negation Point Register 01 x12 0x01 0x0158
H-sypdu. Assertion Point Register 01x12 0x01 Ox0157
SCen, H Negation Point Register C1x12 0x01 Ox0156
SCen, H Assertion Point Register 01x12 0x01 0x0155
Horizontal Counter Modulus Register 01x12 0x01 0x0154
Note 1: The size of an element is expressed as follows:
( the number of words) x (the word size, in bits) x (the number of tables, if applicable)




i.e., WD 05:00] are passed to CMJ05;00]. Wien set to a logical 1, the
overl ay enabled state, the action of the nmultiplexer is controlled by the
resul t of Rréleniequdpacifigatconpari son. 2 Doubl e Buffer Enable 0
This field- ; i : ;

or 2:1 pixel format. Qther formats require

Continuation of Address Map - Configuration Functions

Function Size! C{01:00] Pointer Address
Undefined ' Ox01FF

0x0173
Bevice identification Register 01x32 0x01 Ox0172
Signature Analysis Register tbs Ox01 0x0171
Monitor Serial interface CNTL and DATA 01 x08 0x01 0x0170
P12 the b of word)  ihe wod i, in 5)  (tho nmbrof tabias, ¥ applicabl)




mready

(1) Doubl e Buffered that this bit be set to 0. 1,0 Pixel

Far mat Con;}r?I_ 00 = Selects the pixel interleaving format. The (00)
2:1 reliminary Specificatio | D frequency for each nultiplex rate is: (01)
4:1 B—=—fpr2—MEe—(0—42+

fLD = fp/4 MHz, (11)8/2:1 fLD = fp/2 MHz, fLD = fp/4

MHz. 14 Electrical Specifications
14.1 Operating Conditions - All Versions, except as noted

Signal Parameter min | typ { max| symbol{ units
Power supply, 3.3 volt, + 10% 3.14 3.47 | Vgay

Power supply, 5.0 volt, + 10% 475 525 Vao | V
Ambient operating temperature 0 70 | T, oC
Junction temperature @ 100 LFPM airflow 105 | Tjmax | °C
Version A power dissipation <14} Prax w
Version B power dissipation L0} Prgy | W,

14.2 1, shall be specified in a forthcoming revision to this document.
143 4 shall be specified in a forthcoming revision to this document.



Table 3. Video Format Control
Interleaving Formats These formats are applicable when operated at pixel

f requency, Plepminsry Spbcifiddii, with a LD frequency, fLD = fp/2 Mz.

144

Regi st er

2:1 -

Si ngl e and Doubl e Buffered

DC Characteristics — All Versions

Signal Parameter min max - symbo! | units
D<07:00>, input, LVCMOS iput high voltage 20 Vadi | Vin Y
reterenced t0 Vgqy
" input iow voltage Ves 08 | V; Vv
input high current ths ths | I pA
input low current tbs ths | i; RA
capacitance at pin 7 1G pF
D<07:00>, output, LVCMOS output high voltage 24 Vad1 | Von
referenced to Vyyy
output low voltage Ve 04 | Vy
output high cument ths ths | lon pA
output low current ths ths | Iy
capacitance at pin 7 | G pF
hi Z ieakage current 10 | i A
QI_:_ XtLh;a.r glgital inputs except input high voltage 20 Vadi | Vin '}
LVCMOS referenced to Viqq input low voltage Ves 08 | Vi v
input high current tbs tbs | In pA
input low cument tbs tbs | i pA
capacitance at pin 5 |G pF
XTAL 1, 2, inputs, PECL input high voltage 40 55 { Vk;
referenced 0 Vggo
input low voitage Ves 34 | Vi Vv
input high current tbs ths | Ikg
input low current tbs tbs | lky pA
capacitance at pin § | Ck pF
NSty [t Jot] o] o
output low voitage Ves 04 | Vyu v
output high current ths ths | b pA
output low current ths tbs | Iy pA
capacitance at pin 5§ | G pF




13 These formats are illustrated in Figures 4 and 5. The function of the X
field was expl ained above. 4:1 - Single Buffered Interleaving Format This
node is vBrdiginfySpegficati®20 MHz. LD frequency. fLD = fp/4 Miz. This format

i s ill ustreted—a—F-gtH-e—-b—4 21— Sirgl-e—anrd—bDeuble—BuHeretd—tntert+eavi ng
formats

145 CPU and Pixel Ports
AC Characteristics — ALL Versions, except as noted

Signal Diagram { Parameter min | typ | max : foad units
Name Reference
R_le' 1 Teu. R/X*, C<03:00>10 CE* | (4] ns
C<63:00> 2 Tha, CE* | to RW*, C<03:00> 10 ns
D<07:00> | 3 Teu D<07:00> to CE* 1 20 ns
4 Tha. CE* 1 to D<07:00> 15 ns
CE* 5 Tow low 35 ns
6 Tow high 15 ns
D<07:00> | 7 Tz, CE* | to low Z state 7 ns
' 8 Ty vasa, &ccess time from CE* | 35 ns
9 Tha, data hold from CE* 1 0 ns
10 Tiz, high Z state from CE* ¢ 50 ns
SC 11 Teye. shift dock period 133 ns
12 Tow high 6 ns
13 Tow low 6 ns
14 Ty SCttolD ¢ tbs ths ns
Pixel Data { 15 Tgu, data validto LD 2 ns
16 T, data valid after LD 1 ns
Pixel Clocld 17 Teyc. pixel clock period version A 14.54 ns
‘B’:r-;med 18 Tow, high version A 2 ns
19 Tow low version A 2 ns
17 Teyc, Pixel clock period version B | 7.41 ns
18 Tow high version A 3 ns
19 Tow low version A 3 ns
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This nmode is applicable when operated at pixel frequency, fp, < 135 MHz. LD
Plelytingry SBodscte”
82 Y I'hg & Bufferd Interleaving Format This format is

appl i cabl e when operated at frequencies 1p, < 220 NMHZ. LD frequency, ftb =
fp/41|\5/|-|z. ‘Ii?ni].s format is illustrated in Figure 8.

frequency,

Figure 7.

15.1

This format is illustrated in Figure 6 and

ing
CPU Port
C<03:00>
D<07:00>
W
cer fpws IP"G __d
CPU Port - Write Timing
W
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L__ 5
CE* \\ o
o aa®
— 7 —al
D<07:00> 4%%2
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CPU Port - ﬁead Tim-
ing
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Pi xel Port Timng The design incorporates circuitry to insure correct entry
of pixel port data as the phase relationship of LD and pixel clock is
varied bet wagimisd?y S@dciicdtk M ts. This circuitry perforns the required
internal adjustnents either _during every vertical blanking interval or when
I nvoked by an external nechanism The node of operation is controlled by

regi sl;lgr2 prw ng. The

ke foye 11
tP" 12 ’p'l 18 —
SC
LD
PIXEL
DATA
Pixel Port Timing
L Vi min
Lo
Vg min
h_ "“15 —ﬂ
—ﬂ
; vﬂl min ;}
PIXEL
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K—— Vy min

Pixel Port Timing ~ Detail
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Pixel Clock input (PLL bypassed)




timng relationships of SC, LD, pixel clock and pixel data are specified

Figures 1

utilized
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-12.. TapQl e _4 provides a description of the various signals
Ko finavoprace

Packagi (T | Specificati
The RAMDAC shall be packaged in a surface mount package; TAB or PQFP packages are preferred.
RAMDAC power dissipation shall not exceed 2 watts. For thermal calculations assume the following
conditions.

At sea level assume 100 linear feet per minute al a temperature of 600 C.

At 10,000 feet assume 200 linear feet per minute at a temperature of 60° C.

ftems And issues Jo Be Resolved

Logic Levels

This document requires all digital inputs (with the excaption of the PECL level pixel clock reference input)
and outputs to conform to LVCMOS levels. Some designs which utilize this ramdac may not be able to

" guarantee that signals driving ramdac inputs will be referenced to 3.3 volts. The ability of ramdac inputs

to withstand input levels higher than those specified for LVCMOS must be determined. Shoulkd the input
colis prove incapabile of withstanding these higher input levels as a normal operating condition, modifica-
tions to ramdac input cell design shoukd be explored.

CPU Port

Ordering of datain the byte and bit dimensions for CPU Port write and read operations requires spedifica-
tion.

This document specifies the (defacto) standard CPU interface. The performance of this interface and
some aspects of its’ protocol do not fit our application well. A modification to the standard interface shouid
be explored.

Pixel Port
Ordering of data for the various interleaving formats requires specification.
Ordering of bits within a pixel group requires specification.

There is a possibiiity that the RAMDAC will be required to support an 8 bit, packed pixel mode. Should
this requirement be made, the interleaving format and controls will require specification.

Cursor

Ordering of cursor bit map data, relative to the CPU Port as well as display, requires specification.
The index point of the cursor bit map relative to display requires specification.

Gamma LUT

Values for the ROM based Gamma look up table require specification.

Yideo Timing Generator

A complete list and specification of all video formats is required.

Timing Spegificat
Electrical loads and other test conditions require specification.

Register Definii

Definition of all state and control registers is required.

Analog Section

The electrical characteristics of the analog section require spedification.



14 Signal Nane 1/Qz Description D(7:0)
|/Q Z CPPrBliniaarBSpecitBitit-r ect i onal data. The CPU port will zero fill unused

bits on data—eads C(1.0) 1 CPU Control Rus lnput.  These

signals serve a dual purpose. They define major divisions in the RAVDAC
addrqsqoquﬁg and the access type.

17.10.1 The programming variables require definition.
17.10.2 A method of characterizing phase noise is required. Phase noise limits require specification.

17.11  Themmal Performance

17.11.1  The airflow and ambient temperature figures given in this document are subject to revision as new in-
formation becomes availabie.



R'W 1 CPU Read/ Wite Control Input. Defines the
transaction direction. LB* 1 CPU Low Byt ehCOnt ro!a\.C CE*
1 CPULLChi g Enagbl e I nput. Wen negated, this signal causes the RAVDAC to
i gnore mﬂgkékﬁ?§§erface signal s with Paeifieaception of reset. P(A B)(63:0)

Pi xel Pori Tnputs. These i nputs have |nternaputtu
Ctolor B! odel Selection, Tra?:sparent Overlays and the Window .Emn'buxe Lur

The diagrams describing the various interleaving formats include a data ficld named X. The contents of this ficld are
interpreted as cithar a Window Identification (WID) index or as an Overlay Color. The case where the X field is
interpreted as a WID is discussed first. The Overlay Color case and the means of selecting the particular interpretation
of the X data Held is discussed in following paragraphs.

Window ID's (WIDs) arc index addresses into the WID look up table, serve to select the pixel source, ¢.g. port A or B,
and to associate the pixel with a particular color model. The X ficld is a component of every pixel and its content may
differ in contiguous pixels. Therefore, port and color model sclection shall be performed for cach individual pixel

The described interleaving formats are divided into two broad catcgorics. These are the Single Buffered interleaving
format, and the Double Buffered interieaving format.

In 2:1 and */5:1 imput formats the X field from port A shall be used. The X ficld from port B is ignored.

In 4:1 and 8/2:1 input formats the X ficld from cach pixel is used. Bit CMC0S) is don't care for 4:1 and '/211 input
formats.

The X ficld shall not directly control port and color model sciection. The contents of the lower five bits of the X ficld,
X[04:00), constitute the address to the active WID LUT: the data, hereafier called WID{05:00), contained in the locations
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Figure 8, 0n pégc 16, describes the color mode] sclection mechanism.

*Ignored in %/,:1 or 4:1 inpat formats.
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by the t
pur pose
1/ 0

| m nﬂ ge?erator and is neant for use by external circuitry for the
ng the serial port ofPadifdcai deo menory. FIELD

thetim ng generator

Oddo—Fierd Indicator: This—signal s produced by
and i s meafveriyfUndsdayQpasstioer nal - circuitry for the purpose of indexing the

serial pR{dodfin 4 frevidtk f8LrdpR TR d¥ta in the X ficld may be interpreted as cither a Window Identification (WID)

index or as an Overlay color, The purposc of this is {0 accommodate transparent overlays without incurting the expense
of additional planes in the frame buffer memory and additional look up tables in the RAMDAC. This is accomplished
by using the 256 x 8 x 3 RAM LUT o contain overlay colors and by circuitry which regulates the sclection of overlay
or underlay data for display.

Given that transparent overlay is enabled, this function may be explained as follows: If the X value of the current pixel
equals the transparent overlay color key register in the bits specified by the mask register, then the current pixel will
be processed according o the window data received from location X of the active window ID LUT. Otherwise, the X
value will be uscd as an 8-bit pscudocolor pixel

This furiction appears in the color mode! selection diagram as the Overlay/Underlay Logic block of Figure 8, on page
16. The details are diagramed in Figure 9.
‘The principle Overlay/Underlay opcration is described in Table 6, “Overlay/Underlay Operation,” on page 17 as fol-
lows.

Table 6. Overlay/Underlay Operation

Transparsnt Overlay Mask Ovaerlay Color
Overlay Enabie Bit B [n] X[07:00) Key 8its [n) CMC[05:00]

0 . X x X WID([05:00] (undariay)

1 0 x x Detorm'::i[ :{ :)r;s. whare
1 1 )] 0 WID{[05:00) (underlay)

1 1 0 1 000000 (overiay)

1 1 1 o 000000 (overlay)

1 1 1 1 WID[05:00] (undeslay)

a. If any of the Overlay Mask Register bits {07:00] are set to zero, then the result of the compare operation
on the comresponding bits for X{07:00} and the Overlay Color Key [07:00] will be ignored. For the special
case where all the bits in QOverlay Mask{07:00] are set 10 zero, the WID{05:00) will be used for color mod-
¢l control (Le. CMC(5:00)).

The contents of two registers, the mask register and the color key register, define a transparen( overlay color key value.
The color key value is compared 10 the value (modified by the overlay mask register) contained in X(7-0). If the two
values are equal, the overlay is said to be transpasent and the underlay (ie. normal WID processed) color is displayed,
ie., the multiplexer passes WID{(5-0) to CMC(5-0); therefore, the color model and the color source are chosen by the
contents of the Window Identification Index. 1f the two values are not equal, the overlay color is displayed, i.c., the
multiplexer passes the value 0x00 10 CMC(5-0); causing the color model processing to interpret the X field as an 8-bit
pscudocolor pixel.

This implementation defines the constant as 0x00, which-causes the selection of the 8 bit pscudo color model, with
color data originating in the X ficld inputs (refer to Table 5, “Color Model Table Data Entry Codes,” on page 15).
Consequently, the data contained in the X field serve 1o address the color look up table and thereby select the overiay
color. .

- Transparent Overiay Enable Control

The Transparent Overlay Enable Bit is contained within the Video Format Control Register (SecTable 3, “Pixe! Format
Control Register,” on page 5). When the transparent overlay control is disabled, (i.c.. set 1o 2 logical zero), the window
ID data (WID(5-0)) will be used for color model contro! (i.e. CMC(5-0)). When the transparent overlay control is
cnabled, (i.c., set to a logical 1), the action of the multiplexer is controlled by the result of the equality comparisoa.
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Figure 9. OverlaylUnderlay Logic

Transparent Overlay Mask Register

This eight bit quantity operates on the contents of the overlay color key register and the X data (o define the extent (in
the bit dimension) of the color key value. Overlay Mask register bits set to logical onc allow the comesponding bits of
the color key register and the X field o participate in the color key comparison. Overlay mask bits set to logical zero
preclude the corresponding bits of the color key register and the X field from comparison. Register initialization is not
required.

Transparent Overiay Color Key Reglster

This eight bit quantity defines the color key value, subject 10 the conlients of the mask register. Register initialization
is not required.

The WID LUT and the SHADOW WID LUT

Pacifica incorporates two 32 x 6 LUT's which form part of the color model selection circuitry, These are the WID and
SHADOW WID LUTs. Operating in conjunction with a control register and a vertical blanking synchronizing mech-
anism, these LUTs provide the dats necessary to control the path taken by cach pixel through the RAMDAC. The WID
LUT is addressed by the X{04:00] ficld of cach pixel as described in the previous sections. Its outputs src connected
10 the port selection mechanism, the transparent overlay mechanism and, ultimately, (0 the various multiplexors which
control color model selection. The following paragraphs define the requirements and describe the shadow mechanism.

The Purpoee

The RAMDAC contains a number of LUTs which transform pixe! data as they fiow through the RAMDAC and,
ultimately, to the video monitor. This transformation occurs at some fraction of the pixe! frequency but the data which
sclects the parnticular transformation resides in the WID LUT and originates in the host system. Thus, the WID LUT
constitules a resource which is shared by two systems operating at unrelated clock rates. Furthermore, the effects of
transformation are immediatcly apparent at the display, so that if the host accesses the WID LUT during the active
video interval, the display will be disrupted. One way 10 prevent this disruption is to limit host access to the vertical
blanking interval, which is approximately S00 x 10 seconds in duration. The success of this scheme depends on the
ability of the host system to start and complete the data transfer within this interval. Unforwnately, this cannot be
guaranteed because the response time of the host's operating sysiem is large and vaniable, Clearly, some mechanism
which isolates host accesses from the pixel tansformation process is necded. Such a mechanism is provided by the
SHADOW WID LUT and associated conuo! circuits.
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The SHADOW WID LUT serves as a buffer between host accesses and the active WID LUT which actually selects
transforms. The problem of isolating host accesses from the selection process is solved by altematively assigning
ownership ol SHADOW WID LUT to the host and the RAMDAC and by checking for completion of transfer operations.
This process is briefly described as Tollows. The host writes data into the SHADOW WID LUT or reads data from it
Thesc actions differ only in the direction of the flow of data between the host and the RAMDAC and between the
shadow and active tables. In both cases, the host issues a command o the RAMDAC which causes it 1o trans{er data
between the shadow and active tables. The RAMDAC does not execute the command immediately upon reception, it
defers exccution until the arrival of the next VSYNC® signal, at which time, the transfer of data between the shadow
and active table will take place. The transfer operation is guaranteed to reach completion within some small fracton
of the vertical blanking interval. The host monitors the status of operations by reading the contents of a Command/
Status register. Obviously, write and read operations are sequentially different. The host is required to write the shadow
table befoee issuing the wrile transfer command and it is required to issuc the read transfer command and receive
scknowledgement before reading the shadow table. The following paragraphs describe the required functions.

The SHADOW WID LUT may be written and read, af any time, via the CPU Port. A register shall be provided for the
purpose of initiating and moniioring such data transfers. The Command/Status Register is written and read via the CPU
Port.The register bits are defined in Table 7, “Window Transfer Congol Register,” on page 19.

Table 7. Window Transfer Control Register

Bit(s) Fleld R/W Description
7-3 Reserved 0 Reserved for future expansion
2 Trans{er Event R/W If the Transfer Command bit is sct, then this bit controls the
1 = next frame acwal occurance of the transfer. If this bit is set to 0, then the
0 = next field transfer will occur on any transition of the field signal (0-> 1

or 1 -> 0). If this bit is sct to 1, the transfer occurs on the
falling edge of ficld signal (1 -> 0).

1 Transfer Command R/W  |Dirccts RAMDAC hardware 10 exccute the transfer operation
1 = mansfer - immediately upon, but not before, the arrival of the transfer
0 = no action event interval. This bit is set by software and may be cicared

by cither of two cvents. Either the transfer command bit is
cleared by RAMDAC hardware when the transfer operation
has been completed or it is cleared by software, indicating the

command has been withdrawn.,
0 Device Status RIC indicates whether or not the resource is available, This bil is
1 = busy, tabic unavailable sct by RAMDAC hardware when it detects that software has
0 = table available posted the transfer command. The set bit indicates the resource

is busy i.e., cither the transfer is pending or it is in progress.
The statns bit is reset by either of two conditions. The first
condition is the completion of a transfer operation. This eveat
causes RAMDAC hardware (0 reset the status bit to indicate
the resource is available. The second condition results because
the protocol permits software processes (o withdraw transfer
commands initiated by other processes or indeed by the same
process. RAMDAC hardware resets the device status bit if
software withdraws the transfer command and the transfer
operation has yet to begin, The status bit is not reset if the
transfer command is withdrawn afier the transfer operation has
actually begun.

The transfer operation, shadow to active , shall be completed in less than one LD cycle.

WAt circuits 51, the specifics of

SN



15 21, nmultiplexor 53 (MPX1), pipeline register 55 (D REG, mnultiplexor 57
(MPX 2) and shift register 59 (SH FT REG. Figure 13 depicts the flow of
si gnal SWN s involved in conggydifidyp Vvideo pixels provided in

parallel__Irnio a serial streamof single pixels. Here, the various

| Nt er | eainWschad, MRsFsud Rsd GEANTIRIAHE Cortibldb8s SELEGS in@Badfo Sinsit R¥afUELEET |
I N doubivgitable and transfer mode is shadow 10 active. The reset signal also forees the transfer mechanism 10 assume the idle
slate.

The Color LUT

The RAMDAC shall incorporate three 256 x 8 RAM based look up tables. These tables shall be accessed in two ways.
First, table values may be writien or read via the CPU Port. Second, pixels entering the Pixel port arc routed o these
tables by the color model sclection mechanism. These accesses are not mutnally exclusive. Consequently, “anti sparkic™
circuitry shall be incorporated 1o minimize disruption of the video display when both CPU and Pixel Ports are accessing
the same location within the table.

The Color EUT accommodates the Pseudo and Direct Color models.
The GAMMA LUT

The RAMDAC shall incorporate three 256 x 8 ROM based look up tables. These tables shall be accessed by data routed
to them from the pixel port under the control of the color model selection mechanism. The data contained in the GAMMA
LUT transform.non-lincar color values into lincar color values. The data in the gamma ROM LUT will not be accessable
through the CPU port. The altemate method to read the ROM values would be using the SAR in Data_Stobe mode.
The gamma ROM values are shown in Table 8, “Gamma ROM Values,” on page 20.

Table 8. Gamma ROM Values

Address Data
Hex Hex
0 0
1 15
2 1d
3 22
4 27
5 2b
6 2f
7 32
8 36
9 39
a 3b
b Se
c 40
d 43
] 45
{ A7
10 49
11 £
12 4d
13 Af
14 51
15 &3
16 55
17 56
18 58
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buffer nodes, is nmade. Pixels are received frominterleaving format
circuitstromthe frame bUffebaEﬁ ry, in several allowed parallel
formats. eSe rornats are described in | res 4-9. The interleaving

format circuits block 51 perf EDGnd RS o i ng,the interleaving and
providing conplete, 32 bit pi’ff‘éfzg’ at its out Sﬁ‘ﬁeg“q‘"“%

Address Dats
Hex Hex
19 5a
1a sb
1b 5d
1c Se
1d 60

. 1e 61

‘ 1 63
20 64
21 66
2 67
23 68
24 6a
25 b
26 8¢ .
27 6d
28 &f
28 70
2s 71
2b 72
2c 74
2d 75
2e 76
2 77
30 78
3t 7
32 7a
33 7c
34 7d
35 7e
36 7
37 80
3s 81
39 82
32 83
3b 84
3c 8s
3d 88
3e 87
3t 88
40 89

N



The interleaving format circuits block utilizes eight sub- blocks, each one
mani pul ati ng incom ng data to assenble one pixel. The circuits conprising
these blocks are illustrated in Figures 14-21 for pixels 0-7 respectively.
Not e that&lmjﬁrm!rcw ts are not - |dent|p@¢;f19yt_that they do have eI ement s
i n commons: ;
in the diagrans for pixels 0- ﬁa!anxidahﬂnﬁﬂdwpauJWConMiAd)and I\/BB in the

0

Address Data
Hex Hex
41 8a
42 8b
43 8c
44 8d
45 Be
46 8¢
47 81
48 90
49 21
da 92
4b 93
4c 04
44 85
4o 06
Af 96
S0 97
51 08
52 99
53 9a
54 9
55 gb
56 9c
57 ¢d
58 O¢
59 o
5a al
5b a0
5c al
5d a2
Se a3
51 a3
60 ad
61 L
62 ab
&3 a7
64 a7
65 a8
66 ad
( 67 ax

- 68 az
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Table 8. Gamma ROM Values (Continued)

Address Data
Hex Hax
91 cb
92 cb
93 c7
94 c8
a5 c8
0§ c?
97 c9
98 ca
09 cb
92 cb
b cc
OS¢ cc
od cd
e ce
of ]
a0 d
al cf
a2 do
a3 : do
a4 d1
a5 d2
a6 dz2
a7 d3
aB d3
a% d4
a2 d4
ab ds
ac dé
sd d6
a0 d7
o o7
b0 ds
b1 ds
b2 do
b3 d9
o4 da
55 db
b6 db
b7 dc
b8 dc




mul tiplexer MA to pass the output of flip-flip MBB to shift register Mp;
this iZBt h& ko&r hal f of a pixel and conprises the GREEN and RED

compon e pixel. The output decificer-fl op MBC al so connects to shift
regi ster Mb. Thi's conneciion CONveys the upper falf of the pixerl,
conprising the X and BLUE cE#sSnEntes BPM YaueniGeatioueddhe manner in which

pixel O is assenbled in thd ZrTa@nd 4" I[Tntepgaving formats is not

described in the timng o e
b9 dd
ba dd
bb de
be de
bd df
e be df
bl o0
c0 «0
ct el
c2 ol
c3 e2
cd e2
cs o3

c6 PY R
c7 o4
c8 L 13
cS e5
ca o6
cb 13
cc e7
cd o7
ce e8
of o8
do e9
di «9
d2 ez
d3 ea
d4 eb
d5 eb
d6 ec
d7 oc
ds ed
d9 od
da (7Y
db e
dc of
dd of
de 0
df 10
0 11
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diagram This subject is discussed in subsequent paragraphs. As previously
notedmthe format circuits differ. They do so as an artifact of the design

whi ch utg,l i z pple circuitry to inplepent a seem ngly conpl ex task. That

t ask is&@ﬁ'&grgani zation of the FE@GW% data, not only to satisfy the

time multiplexing requirene but als ccommpdaj e single and double
Jevdderaiol

buf f ered operation as well vgs (fgPtineidle

Address Data
Hex Hex
el 1
a2 12
3 12
o4 12
o5 13
6 i3
o7 14
o8 4
e9 {S
'T) 15
eb 16
oC 16
od 17
oo 7
of 18
fo {8
11 19
12 19
3 fa
4 fa
15 fa
16 k1]
7 tb
{8 {c
10 fc
ta id
fb 1d
fc fe
id fo
e ti
H R

The GAMMA LUT accommodates the Linear True Color and Lincar Grey Scale models,
The LUT Bypass Path

Although no look up table is required for this function, the LUT Bypass Path is described in this section because it
implements the Non-linear True Color and Noa-linear Grey Scale models. When selected, this path connects pixel data
entcring the Pixel Port to the digital 10 analog converters. It is imporiant to note that the timing of pixcl data taking
this path must be the same as {or any other path.



mul tiplexed. Al of this is acconplished by routing the various groups of
incomng pixels to the appropriate interleaving format circuit. This
routing is depicted in Figure 23. Returning to Figure 13, portions of the
output of the interleaving format circuits are passed to two bl ocks. The
first of these, titled D REG 55, is nothing nore than a pipeline register.
It accepts PO through P7 fromthe interleaving fornat
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circuits. The second block nmultiplexor 53 is titled MX 1. It 17
accepts PO through P3. Multiplexor MPX 1 is used to select the appropriate
buffer when the systemis operated in 2:1 double
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buffered node. The nultiplexer is controlled by bits 1 and O of the video
format control register as well as bit nunber 5 of the of the X conponents
of PO and P1. Not shown in the diagramis the connection to bit 2 of the
user control register which enables or disables the double buffered node.
The conbi ned action of these signals is as follows. If the double buffered
node is enable, (user control register) and if the 2:1 node has been

sel ected
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(video format control register) and bit 5 of the X conponent of PO (for
exanple) is 1 then the nultiplexer passes P2, which is PO of buffer B. If
bit 5 were 0 instead of 1 than the multiplexer would pass PO frombuffer A
| f the double buffered node is not selected, or if the 2:1 node is not

sel ected, the multiplexer passes PO and P1. The output of the pipeline
register, DREG is treated in a
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manner simlar to that described in the previous paragraph. However, in
this instance, multiplexor KPX 2 deals with the 4/2: 1 double buffered
nmode. The control of this nultiplexer is simlar to that described, however
it is the 4/2: 1 node (fromthe video format control register) which forns
part of the qualifier instead of the 2:1 node. The final elenent of the
circuit is the shift register which

Overview 1

Introduction

Desktop computers incorporating color displays are common today — so much
6o that it is easy to forget how recently they replaced the monochrome systems
of just a few years ago. Some may even recall the relatively recent debate
concerning the merits of color versus monochrome, and whether the perceived
benefits justified the additional cost and lower window system performance.

Today, most desktop systems employ color by default, with the majority
providing 8 bits, 256 colors, for display of windows and graphics. 8-bit color
represents a compromise between the millions of colors that the human eye can
detect and generally acceptable rendering performance. While techniques such
as dithering may be applied to areate more realistic appearance, the results
appear grainy, and are often unsuitable for quality-oriented imaging.

Multiple images on an 8-bit system also compete for limited color resources,
resulting in annoying colormap flashing as the user moves from one image to
another. This effect also frequently makes text unreadable outside the selected
window and defeats one of the more important benefits of using a windowing
environment.



receives PO through P7 in parallel and produces a serial output consisting
of one 32 bit pixel per pixel clock, starting with the |ocation occupied by
PO in the illustration. That is the device 18
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The SPARCstation” 5 524 was designed to ease the transition from standard 8-
bit color to 24-bit color without compromising either window system
performance or display resolution!. And the SPARCstation 5 524 provides this
capability at an industry-leading price point generally associated with lower-
cost 8-bit devices such as Sun’s TurboGX' graphics accelerator.

The S24 supports the display of 8-bit applications side-by-side with 24-bitones.
This capability is in distinct contrast to common PC and Macintosh® video
cards which force the user to choose between 8-bit and 24-bit mode for the
entire display.

Advanced Graphics Integration

As the acceptance of oolor has grown, 50 too has the increased integration of
low-cost graphics devices. This integration, including increased hardware and
firmware functionality, together with 24-bit capability has resulted in the
ability of affordable desktop systems to address what were previously strictly
high-end applications such as visualization, color prepress, imaging, and high-
quality rendering.

24-bit capability in particular is likely to have a dramatic impact on the types
of applications possible on desktop systems. The ability to effectively generate
photorealistic images, manipulate large image files in a professional publishing
environment, and perform computationally intense technical tasks such as
medical imaging and visualization are likely to bring previously unavailable
facilities to entirely new classes of users.

Finally, the continuing emergence of multimedia, video technologies, and
personal color publishing, combined with increasingly sophisticated graphics
arts and imaging applications, is setting the stage for the common availability
of 24-bit true color capabilities on the desktop. And like the debate over
monochrome versus 8-bit color, the basic requirement for truecolor will become
established relatively soon. :

The SPARCstation 5 524 represents the newest in a generation of extremely
powerful, low cost true color systems from Sun Microsystems.
Complementing Sun’s popular multiprocessor-capable SPARCstation 20 SX
workstations, the SPARCstation 5 524 brings the features of high-end imaging

1. 24-bitdevices often provide this capebillty caly at the experse of lower diapley resolution
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shifts in the direction of the | owest nunbered pixel occupying the

regi ster. Although the register is shown to have eight levels, it does not
al ways shift eight pixels. Indeed, eight pixels are only shifted in the

8/ 2:1 node. Four pixels are shifted in the 4:1, 4/2: (single and doubl e
buffered) and two pixels are shifted in the 2:1 node. This variation in
depth i's not acconplished by special control circuitry but rather by the
nat ure of the PAR(ALLEL) LOAD

‘ 1

systems to the performance demanding, cost-sensitive user. Further, these two
systems reflect Sun’s on-going commitment to delivering 24-bit capabilities to
the generic desktop — thus addressing the evolving needs of users and their
emerging imaging, graphics, and video applications.

The SPARCstation 5 524 brings equivalent high-level integration characteristic
of GX™ technology to the desktop while simultaneously delivering the features
and benefits of 24-bit color. Utilizing high-speed CPU and memory buses and
the high-performance of the microSPARC-II" RISC CPU while consclously
making effective trade-offs in graphics functionality and cost also enables the
SPARCstation 5 524 to raise the base level capabilities of workstation systems.

The SPARCstation 5 524's advanced frame buffer was designed to deliver cost
effective 24-bit support for X Windows at prices comparable to less powerful
and more limited Apple® Macintosh and Power Macintosh® machines.
Equally, the SPARCstation 5 524s sophisticated architecture enables a
workstation platform to provide 24-bit graphics capability at performance
levels genemlly assodated with simpler 8-bit devices while reducing annoying
screen flashing problems resulting from sharing colormap entries across
separate 8-bit applications.

Markets for Image Manipulation

Among the key trends computing users face today are the move toward
running multiple, varied applications and the growing demand for high-
performance graphics and integrated video. Multitasking operating systems,
window-based graphical user interfaces, and powerful multimedia
applications are just some of the factors influencing the trend toward more
powerful highly-integrated graphics on the desktop.

The sections that follow describe the key primary and secondary market
segments, the characteristics of their applications, and how the SPARCstation 5
$24 architecture provides support for them.

Color Prepress

A typical customer in this field wants to scan in high-resolution color
photographs and prepare them for printing on high-quality color oufput
devices. The first step in this preparation might be to perform simple image
processing opcrations on the images, such as sharpening, blurring, rotation, or
cropping. Finally, the images must be converted to the CMYK color space,

OCverview 3
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clock driven by LD/'n. The circuit which produces LD/n is not shown but its
operation is described as follows. The state of bits 1 and 0 of the video
format control register control a divider which acts to divide the input,
LD, by two when in 8/2: 1 node or 4/2: 1 node. When in 2:1 or 4:1 node, LD
I's not al.tered but_is sinply passed to the output LD/n. The effect of this
circuit is to nake the period of its output LD/'n equal to the period
occupi ed by m pi xel s, where

=1

which provides the digital equivalent of photographic color separation.
Morphological dilation of selected image features (known as “trapping”) may
be employed to avoid registration problems.

Because color prepress is concerned with guaranteeing image fidelity, it is
important that the image data be digitally maintained at the highest possible
resolution. The SPARCstation 5 524 system’s ability to efficiently manipulate
large image rasters, coupled with its support for color space manipulation,
make it ideal for color prepress requirements. The high level of integration
between the 524 frame buffer, microSPARC CPU and system memory also
insures that image processing operations can be performed quickly on multiple
images.

Graphic Arts

Graphics arts applications perform the creation and manipulation of line art
and images a5 used in a variety of areas including publishing, illustration, and
advertising. Common operations include compositing, color correction, image
enhancement, and scaling. As a cost-sensitive application area, graphic arts
users have traditionally been restricted to 8-bit color display, leaving more
sophisticated image enhancement to0 expensive high-end systems.

Applications addressing the graphic arts market would use the SPARCstation 5
524 for a number of tasks. In addition to line art, the S24 can provide painting
and retouching images, oolor correction, and image processing. The low entry
cost of the SPARCstation 5 524, combined with its extensive upgrade capability
makes the platform even more attractive to users in this market.

Technical bnaging
Technical imaging applications include remote sensing, medical imaging,
machine vision, and other areas where imaging is used to distinguish physical
characteristics from digitized imagery. Technical imaging applications require
broad base-level functionality for image manipulation, display, compression,
and color. These applications frequently require advanced image processing
aapabilities, including transformations, filtering, and image enhancement.

The SPARCstation 5 524 system is especially well suited for the wide range of
fmage sizes, pixel depths, and compression characteristics common in technical
imaging markets. The ability to manipulate and display sequences of images is
extremely important ¢o technical imaging users in areas such as medicine and
remote sensing — and the SPARCstation 5 524 system’s high-speed access to
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mis equal to the interleaving factor. Attached hereto as Appendices 1, 2
and 3 are specifications containing further information'relating to the

above-descri bed i nventi on.

1

physical memory ensures that high frame rates can be achieved. In addition,
many common image manipulation fadlities (such as copy, pan, scroll, 611,

L clear, BLIT and stipple) are directly accelerated by the SPARCstation 5 524
system.

Technical Document bnaging

This market handles fewer images than the commercial market, although they
are generally much larger. Potential applications in the technical document
imaging market include textile design, cartography, facilities layout,
construction, and architecture. Applications in this market need to process
very large images, provide image-manipulation capabilities such as ‘de-
speckling’ for removal of scanning artifacts, realignment to correct for
inaccurate scanning regjstration, and warping to deal with the attributes of old
hard-copy drawings printed on unstable materials,

The SPARCstation 5 524 system was designed to accelerate the common low-
level image raster operations specifically characterized by the technical
document imaging market. Many common image operations are directly
supported through individual and multiple optimized operations, and also
take advantage of higher performance integer and floating point capabilities of
the system’s CPU. The memory access speed between the 524 frame buffer
and the system’s physical memory further ensures that the copying and
manipulation of multiple gource images occurs very quickly.

Commercial Document Imaging

Banks and other finandial institutions, airlines, and insurance comparies
Process enormous numbers of paper documents during a typical day.
Applications addressing this market must read digital versions of documents
from scanning devices, compress the fmages into CCITT Group 3 or 4 facsimile
format, index, and store them. Later, it may be necessary to retrieve the
documents in a zapid manner for additional image processing, scaling, and
enhancement. :

The SPARCstation 5 524 system balances imaging operation execution through
accelerated frame buffer and CPU-based support of the manipulation and
processing of images indluding compression/decompression capabilities, data
conversion, resizing (including zooming), and enhancement facilities. The



19 CLAIM5 1. An apparatus for nultiplexing pixel data froma frame buffer
for use by a RAMDAC for display on a display 5 devi ce conprising: a)
interleaving format circuits for coupling to a frame buffer and receiving
interl eaved pi xel data having the form

i
=

SPARCstation 5 S24 system’s ability to manipulate {mage raster data very
quickly is especially important to this market segment, because of the
* extremely large volume of images that must be previewed and managed.

Geographic Information Systems (GIS)

In general, GIS applications vary broadly in data format, and manipulate large
amounts of data. As a result, GIS applications depend equally upon both
integer and floating point data manipulation and rendering.

The SPARCstation 5 524 system is well suited for GIS applications for a variety
of reasons. Copy speed from main memory to the screen and large in-memory
support provide capabilities important to GIS. Where data format or quantity
is particularly important, the SPARCstation 5 524 architecture enables graphics
data to be processed very quickly, through faster data fetching. The
microSPARC-TI CPU additionally ensures optimized floating point and integer
performance where required. Finally, the 24-bit rendering capabilities of the
SPARCstation 5 524 system, together with its ability to manipulate very large
rasters make it attractive to GIS.

Earth Resources

Like geographic information eystems, the earth resources market typically
deals with large volumes of data. Barth resources market requirements include
2D image, 2D geometry data, and occasionally 3D geometry data. With such
varied requirements, earth resources applications need hardware with the
flexibility to accelerate geometry with a range of coordinate types, and with the
aapability of manipulating images efficiently.

The SPARCstation 5 524 system is an ideal platiorm for earth resources
applications. Iis direct support of video memory and fast access to display
memory enables earth resources applications to manipulate and render large
data sets easily.

Desktop Video and Multimedia

In recent years, multimedia and video capabilities have become important to
users in both stand-alone and workgroup environments. Multimedia and
video require simultaneous support for multiple data types including text,
geometry graphics, images, audio, and video.
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nfm1, where nis a nunber of whole pixels being transmtted 10 and mis
a fraction of the data which forns a whole pixel which is transmtted
during a single clock cycle, where n>n»l; b) logic circuits coupled to the
i nterleaving format 15 circuits for processing predeterm ned

portions of thé received interleaved pixel data to produce serialized

pi xel

1

The SPARCstation 5 $24 delivers this capability through support for coincident
8- and 24-bit data, geometry graphics on par with Sun’s low-cost accelerators,
ang real-time video with the addition of Sun’s SunVideo products. The
SPARcstation 5 S24's 24-bit capabilities also improve video display through its
fast raster data movement and elimination of colormap flashing which is
particularly troublesome on most 8-bit systems.



data for processing by said RAMDAC, wherein said interleaving format

circuits include 20 circuits which undo the interl eaving perfornmed by
said frame buffer and assenble said pixel data as received fromsaid frane
buffer into corresponding sets of pixel data. 25 2. The apparat us

defined by claim21 wherein said_undoing and assenbling circuits conprises
sets of registers

‘,.'

SPARCstation 5 S24 Architectural
Overview 2

SPARCstation 5 524 Architectural Design Goals

The SPARCstation 5 S24 frame buffer is part of a highly integrated graphics

architecture utilizing an innovative enhancement to the microSPARC-II CPU

used in Sun’s low-cost desktop systems. The microSPARC-II CPU chip is

specifically designed with the AFX 64-bit graphics bus and memory controller

logic built-in to reduce latency in the system. -

The SPARCstation 5 $24 processor is the first device to take advantage of the

microSPARC-I's integrated AFX bus controller. The 524 is designed to provide

extremely low-cost, high-performance 24-bit graphics capability to geometry

and imaging applications. Among the key features of the S24 processor are:

® Support for three types of 24-bit pixels

® 8-bit indexed color support

* Hardware accelerated block transfer (BLIT) of pixels for operations such as
screen-to-screen copy, panning, and scrolling

® Write buffer logic for queuing of up to four individual write operations

* Integrated 32x32 bit hardware cursor support compatible with Sun’s GX and
TurboGX graphics processors

* Programmable resolution capability for support of up to 1152x900 pixel
resolution displays

¢ Read cache to nearly double read performance



and nultiplexors which are coupled together to forma plurality of
sub- bl ocks whi ch cooperatively operate so that each produces a conplete
pi xel fornmed by a predeterm ned 30 nunber of bits.

The 524 was designed to utilize an integrated graphics bus with direct access to
system memory for several reasons. By designing the 524 to interact with the
CPU and memory through a high-speed dedicated bus architecture, the system
is able to deliver cost-effective 24-bit rendering capabilities at performance
levels generally associated with simpler 8-bit devices.

Because pixel processing speed is, in general, a limiting factor for many
application areas, any significant acceleration is an attractive proposition —
particularly where low-cost and 24-bit are important considerations. Further,
higher integration with the CPU helps reduce component cost while removing
bottlenecks associated with slower I/0 interfaces.

The memory interface on most systems typically has the highest bandwidth of
any data path in the system. The 524's direct connection to the CPU makes it
an ideal candidate for providing a path for access to additional graphics
performance and functionality. Figure 2-1 illustrates the 524 frame buffer.

Flgure2-] The S24 frame buffer

SPARCstation 5 524 High-Level Architecture

10

Graphics performance is a function of more than just the acceleration provided
by a graphics processor. It is equally dependent on overall system throughput
induding CPU processing performance, I/0, memory to CPU speed, display
rendering, and networking. System performance is even more significant
when assodated with frame buffers and graphics devices which interact in a
closely-coupled fashion to the workstation’s CPU and memory.
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REPLACEMENT SHEET 20 3. The appar at us defined by claim 2
wherei n predeterm ned ones of said sub-blocks receive signals which define
the interleaving format perforned by said frane buffer. 5

.

b
]|

From a high-level perspective, the SPARCstation 5 524 implements
performance-critical functionality in its highly integrated modular design.
o Among the key architectural features of the SPARCstation 5 524 system are:

* High-performance, low cost microSPARC-II CPU
The microSPARC-II processor is a highly integrated, 05 micron CMOS
based processor consisting of more than 2.3 million transistors.

The CPU consists of a SPARC Version 8 compliant Integer Unit, a SPARC
Reference Memory Management Unit (MMU), a Floating Point Unit (FPU),
Instruction and Data Caches, DRAM controller, and an SBus Controller.

¢ 64-bit memory bus
Supported directly by the on-chip memory management unit (MMU), this
wide memory bus reduces the overhead in fetching data from memory and
sending data to the §2¢ frame buffer.

This capability is particularly important in light of the need to move 24-bit
pixel data (32-bit increments) to the frame buffer. The resulting low-latency
significantly improves rendering performance, placing it on par with that of
B-bit devices.

® On-chip caches _
Supporting 8K direct mapped data and 16K direct mapped instruction
caches, the microSPARC-II processor ensures that CPU data and instruction
fetches oocur with a minimum of cache misses. Additionally, the CPU
supports a technique known as cache streaming which further accelerates
transfer of data and instructions to the on-chip integer and floating point
units,

® SBus controller
Providing the subsystem that handles input and output between external
devices and the system’s CPU, the on-chip SBus controller improves 1/0
bandwidth through Direct Virtual Memory Access (DVMA) for pipelining
of bus arbitration and bus grants for previous DVMA writes. Using this
approach, 1/0 bandwidth is increased by 30% over previous microSPARC
implementations.

¢ High-performance AFX Bus interface
The SPARCstation 5 is equipped with a 100-pin microstrip connector that

implements the AFX bus. Providing a memory-level interface between the
system CPU, memory, and graphics subsystems, the AFX bus delivers high

SPARCstation 5 S24 Architectiora] Overview ' i1



4. The apparatus defined by claim 1 wherein the interleaved pixel
data is in one of: 4/2:1 single buffered interleaving format; 4/2:1 double
buffered interleaving format; 10 8/ 2:1 single buffered
interleaving format. 5. The apparatus defined by claim 2 wherein
said received pi.xel data conprises 128 pixel bits divided into

1]
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bandwidth, low latency, slave-only access to the S24 frame buffer by placing
the graphics interface directly on the system memory bus in a uniprocessor
eavironment.

The AFX bus consists of a 64-bit wide data path, providing 28-bit physical
addressing for the 524 frame buffer. The AFX bus further supports
synchronous operation (except for interrupts) and 1, 2, 4, or 8-byte data
transfers, thus permitting optimized movement of data from the CPU to the
frame buffer.

The microSPARC-I directly implements the AFX bus protocol an-chip,
allocating 256 MB of address space for graphics use. The 7O0MHz
microSPARC-II processor has 186 MByte/second write bandwidth across
the AFX bus, increasing to 226 MBytes/second with the 85 MHz version of
the CPU. As such, the AFX bus scales with the CPU’s performance and
dock rate.

Figure 2-2 illustrates the miqoSPARC-1I CPU architecture, and Figure 2-2
shows the high-level architecture of the SPARCstation 5 524 system.

Figure2-2  microSPARCHI processor architecture

12 SPARCatation 5 24 Craphics Technology — July 1994



two sets containing 64 bits each, ,the bits in said first set 15 bei ng
designated PA(63:00), the bits in said second set being designated
PB(63: 00), wherein one of said sub-blocks conprises: a first register which
receives bits PA(15:00) of said pixel data; 20 a second register
whi ch receives bits PA(31:16) of said
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Figure 2.3 SPARCstation 5 S24 system high-level architecture

S24 High-Level Architecture

In designing the S24, Sun’s engineers analyzed existing graphics and frame
buffer architectures, market trends, and component cost/capabilities to
establish a set of trade-offs in building a high-volume 24-bit device. Among
the key considerations in the design included low cost to enable broader usage
of truecolor for emerging desktop applications ranging from prepress and
personal publishing to graphics arts and technical imaging.

To achieve acceptable performance levels at acceptable enduser pricing, the 524
had to provide 24-bit truecolor rendering at levels traditionally assodiated with
8-bit (256 color) devices. Further, since the $24 would target low-cost desktops
such as the SPARCstation 5, it was critical that the overall frame buffer
architecture leverage design capabilities and overall system performance.

To achieve the level of integration required to sustain necessary performance
levels, as well as meet cost requirements, the 524 required the development of
an entirely new digital-to-analog converier (RAMDAC). At the time of the
$24’s design, no commercial component vendor offered a product capable of
simultaneous 8 and 24-bit display in a low-cost fashion. As a result, Sun began
working with commercial component vendors to develop a RAMDAC which

SPARGstation 5 524 Archifectural Ooerview 13



pi xel data; a third register which receives bits PA(15:00) of said pixel
data; a fourth register coupled to said first register; 25 a
mul ti pl exor coupled to said second and third registers; a fifth
regi ster coupled to said fourth register and

A
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met these requirements while also leveraging architectural characteristics of
the overall 524 design. Today, the same RAMDAC is available commercially
through AT&T Microelectronics to the general public.

Once the RAMDAC design considerations were addressed, Sun’s engineers
examined how they would achieve their cost targets for the remaining board
logic. The design of a single highly integrated ASIC providing all the
necessary control functions between the VRAM, frame buffer logic, and AFX
bus allowed the reduction of dependencies on external logic, which further
reduced cost.

Design trade-offs also included determining which graphics operations were
supported in hardware, and which would occur in software. Given the clear
importance of providing highest possible image fidelity at a low price, the $24
design heavily leverages the architecture of the microSPARC-II processor, and
the SPARCstation 5 desktop system. At the same time, it was dear that high
throughput of pixel data from the CPU and memory coupled with maximum
rendering performance were more important to image-oriented users than pure
vector performance, Figure 2-4 provides a block diagram of the high-level
architecture of the SPARCstation 5 524.

.,'.
-

Software

Software is a significant part of the development time and cost associated with
an accelerated frame buffer. The 524 architecture is stateless, allowing for the
elimination of overhead and complexity of providing context switching. This
approach greatly simplifies software development, including porting of low-
level graphics and imaging software interfaces as well as the devices’
interaction with the window system.

The S24 is also register compatible with the features it has in common with
Sun’s 8-bit GX accelerator family. This compatibility allowed software to be
tested carly on the GX, so that when functional hardware became available, the
window system was already ported and working.

The reliance on the SPARCstation 5 desktop and microSPARC-I CPU enabled
the designers to focus on the integration of the 524 and its relationship to the
system’s memory and CPU. As a result, the 524 provides extremely cost-
effective 24-bit capability at performance levels of Sun’s original GX graphics
processor, and at the same time supporting a broad range of pixel types
displayed simultaneously on the same screen, as shown in Table 2-1.

14 SPARCstation 5 524 Graphics Technology — fuly 1994



said mul tiplexor. 30 6. The apparatus defined by claim 2
wherein said received pixel data conprises 128 pixel bits divided into two
sets containing 64 bits each, the bits in said first set
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Figure 2-4 High-level S24 architecture block diagram

The AFX Bus

The AFX Bus is a new high-speed bus designed to allow a low-end 24-bit frame
buffer to match the pixel performance of an 8-bit frame buffer on the SBus.
Address and daa line for the AFX bus are shared with the memory interface to
save pins on the CPU chip. The S24's use of the AFX bus provides high
bandwidth, low latency, slave-only access to graphics hardware by placing
display and/or accelerator devices directly on the gystem memory bus in a
uniprocessor environment. -

The AFX bus architecture enables the S24 board to achieve write bandwidth of
more than six times that of SBus graphics devices. Read bandwidth is more
than twice that of SBus-based boards.

Among the principal features of the AFX bus are;

® Bus frequency range of 23 MHz to 42 MHz

¢ 64-bit wide data path

¢ 28-bit physical address per slave device

® Synchronous operation, except for interrupts

® 1,2 4 or8-byte data transfers

® One interrupt line shared with other slave devices

¢ 105-pin MBus-tyle connector supporting graphics boards with a form factor
of 6.25-inches by 325-inches (0.5-inches longer than a standard Sbus card)

SPARCstation 5 524 Archilectural Overview 15



21 being designated PA (63:00), the bits in said second set being

desi gnat ed PB(63:00), wherein one of said sub-blocks conprises: a first
regi ster which receives bits PA(31:24) of said 5 pi xel data; a second
regi ster which receives bits PA(63:32) of said

3

S The AFX bus and system memory share memory address and data lines. Asa
result, the AFX bus controller and system memory must arbitrate their usage
for these common lines. Figure 2-5 fllustrates the AFX Bus and its relationship
to the host system’s CPU and memory, and the 524 frame buffer.

microSPARC

Flgure2-5  AFX Bus block diagram

The AFX Bus Controller

The AFX bus controller is the single master of the AFX bus and is responsible
for initiating each AFX bus cycle. The controller is closely integrated with the
CPU, and system memory controller.

The $24 as an AFX Bus Slave
The AFX bus slave, in this case, the 524 graphics processor, responds to
requests as they are issued by the AFX bus controller. The S24 can be

programmed to generate an interrupt at the etart of the monitor’s vertical
retrace.
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pi xel data; a third register which receives bits PA(31:24) of said pixe
data; 10 a fourth register coupled to said first register; a
mul ti pl exor coupled to said second, third and fourth registers; a fifth
regi ster coupled to said nultiplexor.

T
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The architecture of the AFX bus permits multiple slave devices, which coexist
and communicate with the controller, without specific knowledge of one
another. The SPARCstation 5 does not however currently support multiple
AFX bus devices.

The §24 ASIC

The 524 ASIC provides the core logic on the 524 board. It includes frame
buffer control, read and write buffers, memory for BLIT operations, cursor
RAM, and interface logic.

A four element firet-in first-out (FIFO) buffer provides write queuing which
complies with AFX bus specification. Control logic on the A24 ASIC handles
video timing, memory control, and hardware cursor control.

Hardware Cursor

The 524 ASIC contains a dual plane 32 x 32 pixel programmable hardware
cursor. The two cursor planes define three possible index values for the cursor
color as well as transparent (i.¢., allow the frame buffer contents to display).
The cursor index values are applied to an overlay color lookup table in the
RAMDAC.

BLITRAM

The S24 frame buffer supports a stateless BLIT operation capable of copying
from 1 to 32 pixels from any given pixe! location to another. The BLIT RAM
consists of a pair of 16 x 32-bit RAMs to store and retrieve up to 32 26-bit
pixels, two at a time.

Read Cache

Reads are transparently accelerated by a read cache which automatically
fetches the other 2 pixels in a 4 pixel group. Cache hits provide read datain a
minimum 2 cdlock AFX read cycle. This approach nearly doubles the $24°s read
performance.

SPARCstation 5 524 Architectura] Overvicw 17
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15 7. The apparatus defined by claim 2 wherein said

recei ved pixel data conprises 128 pixel bits divided into two sets
containing 64 bits each, the bits in said first set being designated
PA(63:00), the bits in said second set being designated PB(63:00), wherein
one of said sub-bl ocks 20 conprises: a first register which receives
bits PA(47:32) of said

1]
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Stipple

The 524 provides 1 bit to 8- or 24-bit pixel expansion for fill, dlear, and text
operations. Up to 32 pixels can be drawn with a single stateless stipple
command. Stipple takes advantage of the video RAM’s block write feature
which is up to four times faster than conventional writes.

The RAMDAC -

RAMDACs convert digital data {in frame buffer memory) to the analog signals
required to drive the CRT display. The term “RAM" refers to the color lookup
table RAM for 8-bit index pixels.

One of the principle design goals of the 524 processor was support for
simultaneous 8- and 24-bit visuals. At the start of the 524 development effort,
there were no RAMDACs available that supported 8- and 24-bit pixels on the
same screen. Higher-end Sun graphics accelerators such as the SX and ZX use
a large ASIC in front of the RAMDAC to support this capability. Cost goals for
the 524 necessitated the development of a custom RAMDAC to eliminate the
need for an ASIC in front of the RAMDAC.

The 524 employs a Sun designed, AT&T manufactured low-cost RAMDAC.
The S24 (AT&T Part ATT20C567) RAMDAC provides compatibility with other
conunerdially available RAMDACS induding the popular Brooktree Btd58 used
in many of Sun’s CG3-compatible 8-bit frame buffers. The $24 RAMDAC
provides 24-bit truecolor, 24-bit direct color using the same look-up table (LUT)
as an 8-bit index, 24-bit linear color using gamma correction provided by
integrated read-only memory (ROM), and 8-bit index color with binary
compatibility to the Bt458 RAMDAC.

Pixel Display Mods

&-bit indexed

24-bit Truecolor {non-kneer)

24-bit Truecolor (inear, gamma comrectsd)

24-5t Direct (permits user-defined gamma)

Table 2-1 Pixel display modes of the S frame buffer
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pi xel data; a second register which receives bits PB(31:00) of said pixel
data; 25 a third register which receives bits PA(47:32) of said

pi xel data; a fourth register coupled to said first register; a nultiplexor
coupled to said second, third and fourth

N
I

Lookup Tables

The S24 RAMDAC contains two lookup tables to transform pixel data to
accommodate multiple color models, perform gamma correction, and provide
compensation for video monitor characteristics. The lookup tables include the
Pixe] Color RAM, Gamma, and ROM LU'ls. Additionally, a bypass path is
provided to aflow data to be sent directly to the DACs.

Pixel Color RAM Lookup Tabie

The Pixel Color RAM lookup table is the principle LUT for the S24. It consists
of three 256 x 8-bit RAMs.

The Color RAM LUT receives pixels associated with direct color modes such as
those from the X Window system. This table is also used for all 8 and 24-bit
direct color pixels, while allowing for applications to change the LUT values.

Gamma Lookup Table

The GAMMA ROM is implemented for linear pixels used in synthetic images
such as 3D graphics and ray tracing. It compensates for the loganthnuc
response of the CRT monitor. The Gamma LUT is accessed via regular color
model selection mechanisms. 3

LUT Bypass Path

The LUT Bypass Path provides a means to send frame buffer data directly to ;
the DAGs to implement a nonlinear truecolor or greyscale color model.
Because the most common 24-bit mode is non-linear, this bypass mechanism
helps avoid the overhead of passing data unnecessarily through the gamma
and Pixel Color RAM LUTs.

The §24 Monitor Interface

The 524 frame buffer is designed to support Sun’s current multisync monitor
offerings, with programmable resolution of up to 1152x900 pixels. The pixel
dock frequency may alsc be programmed to up to 108 MHz. The monitor
connector contains a sense bus to identify the monitor connected to the S24.
The OpenBoot PROM code reads the monitor’s ID and loads the appropriate
resolution and timing parameters into the $24 ASIC. Table 2-2 lists the
standard resolution and clock frequencies of the S24 frame buffer.

SPARCstation § 524 Architechure]l Overview 19




regi sters; 30 a fifth register coupled to said nultiplexor. 22
8. The apparatus defined by claim 2 wherein said

Scroon Resolution Display Frequency Pixs! Clock Frequency
1182 x 800 7 Hz 108 Hz
1152 x 900 66 Hz 94.5 Hz
1024 x 768 (SVGA)! 70 Hz 84375 Hz
T Mot curventy suppored.
Table 2-2 Supported 524 resolutions, and display and dock frequencies

Frame Buffer Memory

The 524 uses conventional video RAM (VRAM) for meet its strict performance
goals. The video display overhead is only 3 percent compared with more than
S0 percent for Jower cost dynamic RAM (DRAM). The 524 also takes
advantage of the VRAM's block write feature which aliows fill, clear, and text
operations to run up to four times faster than normal. For example, the 524
can fill a 500x500 pixel 24-bit window over 700 times per second. A full screen
clear takes less that 6 milliseconds.

VRAM is expensive, 50 the S24 design uses it as efficiently as possible. The
1152x900 resolution of standard Sun displays employs 99 percent of the one
megapixel frame buffer memory. Additionally, only 26 bits per pixel are stored
instead of 32, 24 bits of these are used for the pixel data and two are used for
the pixel type (8- or 24-bit). The 524's high performance 24-bit capability make
overlay planes unnecessary, thereby reducing cost.

SPARCstation 5 S24 Performance

Due to its high level of integration and direct CPU connection, the S24
processor delivers broad performance to a large range of low-level graphics
and imaging functions. These functions, illustrated in Tables 2.3, 2.4, and 2.5,
represent common operations for both geometry and raster-based graphics
rendering, which are accelerated through Sun’s low-level APIs induding XGL,
XIL, and Direct Xlib libraries. Additional, Srd-Party APls layered above the
XGL, XIL, and Direct Xlib, will provide performance corresponding to the level
of optimization at which they were ported. In general, most layered APIs
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Zei ved pi xel data conprises 128 pixel bits divided into two sets

containing 64 bits each, the bits in said first set being designated

PA(63:00), the bits in said second set 5

wherein one of said sub-blocks conprises: a first

bits PA(63:48) of said pixel data;

bei ng desi gnated PB(63:00),
regi ster which receives

N
]

experience some performance benefits using the S24 over common
unaccelerated frame buffers. Chapter 3 describes the SPARCstation 5 524
system graphics software interfaces in more detail.

Operation SPARCstation 5 SPARCstation §
xbench (XGL and XIL) 70 MHz 85 NHz
Graphics Performance

2D Vectors (8-bit)t 473 Kisec 541 Kisec
2D Vectors (24-bit)t 307 Kfsec 360 K/sec
3D Vectorst 289 Kisec 828 Kisec
3D Triangles’ 44 Kfsec 52.4 K/sec
8D Quads? 72 Kissc 8.4 Kisac

T Xttperf v1.3, 10 pel ke
ﬁw pie! ine, moged

50 plxel, flar ahaded
4100 pixe! Gouraid shaded, unit

Table 2-3 SPARCstation 5 524 graphics performanoe (xbench)

Window System Performance 70 &l:uiz 70 MHz

85 MHz 85 MHz

X1iporf vi.3 24-bt 8-bit 24-bit
Xmark (jamarks3) 258 1.98 2.84 2.18
Dot 32TMisec S.USMsec 3.95Misec 3.66M/sec
Rectangie (10x10) 132K/sec  131Ksec  154Kisec 153Kigec
Rectangle (500x500) T07/sec 706/sec  Ti8kec  T13/sec
Line {10 pixe)) 473Kisec  30TK/sec S41Kfsec  380K/sac
Scroll 500x500 rectangle) 55.9/sec 55.8fgec S6.0/sec  55.6k%ecC
Copy {S00x500 window) 56.5/60¢ §63/6sc S64/sec  56.1kec
Putimage (S00xS00) 88.5/ec 29.4/cec 97.5/s8c 333K6C

80 Character (6x13 pixels)

231K/eec  230Kfsec

281K/sec  277Kfsec

Table 24 SPARCstation § 524 window system performance

SPARCetation 5 S24 Architectural Overview
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a second register which receives bits PB(63:32) of said 10 pi xel dat a;
a third register which receives bits PA(63:48) of said pixel data; a fourth
regi ster coupled to said first register; a multiplexor coupled to said
second, third and fourth 15 regi sters;

il
N

While the $24 is essentially an accelerated frame buffer, 2D and 3D vector
performance (assuming CPU floating-point calculation of transformations) will
o also render at better rates than 8 and 24-bit dumb frame buffers connected via
i the SBus. Additional performance measurements for a range of general
geometry and image operations are illustrated below.

Opecation’ SPARCstation 5 SPARCstation 5
(xitbench) 70 MHz 85 Miiz
Color Image!
Rotate 0.68 M/sec 0.79 M/gec
Scale 1.60 Mfsec 1.73 Misec
Copy 10.48 Misec 11.43 Mfsec
Convolve 0.18 Misec 0.21 Mssc
Color Convart 0.166 M/sec 0.19 M/sec
Set Valus 18.43 Msec 21.39 M/sec
Add 1.19 M/sec 1.43 Misec
Add Constant 1.08 Wsoc 1.35 Misec
Bland 0.44 M/seC 0.49 M/sec
Greyscale image? .
Rotate 0.76 Mfsec 0.92 M/sec
Scale 8.29 M/sac 3.82 M/gec
Copy 30.50 MseC 33.32 M/sec
Convolve 0.58 M/soc 0.69 Misec
Set Value §5.01 Msec 65.03 M/sec
Add 2.69 M/sec 3.27 M/sec
Add Constant 2.55 M/sec 8.08 M/sec
Blend 1.28 M/eac 1.45 M/sec
Lookup 85.76 M/sec §.96 M/sec

#Nuemnm 10 milions of pixels per second

3 512351203 picel image
€00x500x1 phoad image

Table 2-5 SPARCstation § 524 performance (dlbench)

SPARCstation 5 S24 Packaging
' The S24 graphics board is an separate card designed for use in AFX bus-based

desktop workstations. Currently the S24 board may be purchased as a
standard part of the SPARCstation 5 524 system, or as an upgrade option.

z SPARCstation & $24 Grephics Technology— July 1994



a fifth register coupled to said nultiplexor. 9. The apparatus defined
by claim 2 wherein said received pixel data conprises 128 pixel bits

di vided into 20 two sets containing 64 bits each, the bits in said
first set being designated PA(63:00), the bits in said second set being
desi gnated PB(63:00), wherein one of said sub-bl ocks conprises:

2

The S24 board utilizes the AFX bus connector located adjacent to the left-most

_ SBus slot (when viewed from the front) of the SPARCstation 5 motherboard.
Figure 2-6 illustrates the location of the 524 board in the SPARCstation 5
degktop.

Filgure 2.6 SPARCstation 5 motherboard with $24
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a first register which receives bits PB(15:00) of said 25 pi xel data; a
second regi ster which receives bits PB(15:00) of said pixel data; a third
regi ster coupled to said first register; a fourth register coupled to said
second register and 30 said third register.

SPARCstation 5 524 Software 3=

SPARCstation 5 524 Software Interfaces

The SPARCstation 5 524 system is supported by all Solarls graphics and
window systems APIs, including the XGL, XIL Hbraries, PostScript, and the
OpenWindows Version 3.x (X11 R5) window system. Industry-standard X-
extension libraries, such as Xlib and PEXIib, are also available and are
accelerated via the XGL and XIL foundation graphics libraries. Emerging
standards such as the X Imaging Extension (XIE), and Display PostScript
(DPS), together with their related APIs (XJElib, DPSib), will be supported in
the future.

As both an 8- and 24-bit rendering device, the SPARCstation 5 524 system
supports and accelerates each of the APIs mentioned above. The sections that
follow briefly describe the foundation graphics interfaces and the functions
accelerated on the SPARCstation 5 S24 frame buffer.

Figure 3-1 illustrates the Solaris graphics and windowing APIs and their
relationship to the SPARCstation 5 524 system.

The XIL Imaging and Video Library

The XIL library is a foundation-level imaging interface providing the common
functions required by many imaging and video applications. As a foundation
software Iayer for imaging applications, the XIL Library defines how imaging
operations, such as display, image manipulation, and compression and
decompression, are carried out.



23 10. The apparatus defined by claim 2 wherein said received pixel
data conprises 128 pixel bits divided into two sets containing 64 bits
each, the bits in said first set

i
w

XL XGL
imaging/Video 2-073-D Geometry X Windows

SPARCstation 5 524 I

Figure3-1  Solaris Foundation Graphics Libraries and Layered Interfaces

The XIL library contains three primary components: a programming interface
spedification for basic imaging functionality, a high-performance
implementation of the specification, and a standard hardware interface
specification, which enables third-party hardware developers to readily
support the XIL library and applications built on it.

The XIL library is an object-oriented interface. As such, it hides the details of
its implementation from the programmer. This enables the internals of the
library to be extended without changing the interface in an incompatible way.
Clanguage bindings provide compatibility with other tools available under the
Solaris environment including a large number of software development
products. Figure 3.1 illustrates the XIL library in relationship to other
foundation-level interfaces.

Al XIL integer functions, whether they are 8-, 16-, or 32-bis, are supported,
and many are accelerated by the SPARCstation 5 524 system. Floating-point
operations are handled by the microSPARC CPU’s integrated floating-point
processor. The SPARCstation 5 S24 system accelerates several classes of
functions, incduding:

* Pan and zoom

¢ Raster manipulation (8ip, BLIT, copy)

¢ Stipple rendering

* Colormap conversion

¢ Text and image scrolling

2 SPARCstation 5 524 Graphics Tecknology — fuly 1994



bei ng designated PA(63:00), the bits in said second set 5 bei ng
desi gnat ed PB(63:00), wherein one of said sub-blocks conprises: a first
regi ster which receives bits PB(31l:16) of said pixel data; a second
regi ster which receives bits PB(31:16) of said 10 pi xel dat a;

w
li

The XIL imaging library employs a building-block approach to image
. operations through the use of simple operations known as aloms. More
. complex operations, called molecules, can be implemented using XIL to
optimize applications to use low-level hardware features. As a result, the
SPARCstation 5 524 system supports the acceleration of many of XiL's imaging

operations.

The XGL Geometry Library

The XGL library is the Solaris foundation geometry library providing the
functionality and performance required by applications requiring geometry
manipulation and display. The XGL library provides for optimization of 2D
and 3D rendering, induding high-quality lighting and shading, and advanced
primitivés (such as NUKBS and meshes, texture mapping, antialiasing, and
transparency). The XGL library includes sophisticated state-of-the-art features,
such as dynamic tessellation of NURBS surfaces, as well as flexible pipelines
for lighting and transformation.

Like XIL, the XGL library has an object-oriented interface that hides the low-
level details of implementation from the application developer. As such, itis
architected so that it may evolve ag an interface, permitting new algorithms to
be implemented within the XGL library without incompatibly changing the
application program interface bindings. Table 3-1 illustrates the 2D XGL
operations accelerated by the SPARCstation 5 524 system.

Operation Description
2D - Dots
- Solid and patterned thin ines, 8 and 24 bit
= Stipple fine and fi
- Pan and copy
= Text scrofiing

Table3-1 XGL Operations Accelerated by the SPARCstation § S24 System

The OpenWindows Environment

The OpenWindows environment is an MIT X Window System (X11 R5)
compliant server. Applications that use the X protocol, running both locally or
remotely, will receive acceleration from the SPARCstation 5 524 Systemn.

SPARCatatior 5 S24 Softroare 2



athird register coupled to said first register; a fourth register coupled
to said second register and said third register. 15 11. The
apparatus defined by claim 2 wherein said received pixel data conprises
128 pixel bitts divided into two sets containing 64 bits each, the bits in
said first set being designated PA(63:00), the bits in said second set

]l
w

Many window management functions have optimized to take advantage of the
N, SPARCstation 5 524 architecture, including the following functions:

* Hide/expose window

* Resize window

* Copy pixmaps to ard from windows

® Text scrolling

¢ Get and put image

Many 2D rendering primitives are also accelerated with the SPARCstation 5

$24 platform, incduding those associated with text, vectors, raster operations
and others.

Direct Xlib vs. Xlib Graphics Libraries

The Xlib interface is the basic low-level 2D graphics library shipped as part of
the X11 Window System. The Direct Xlib library is a supplemental product
that transparently enhances graphics rendering performance for graphics
intensive Xlib applications in the OpenWindows environment. The Direct Xlib
library was developed to provide an optimized Xlib interface for applications
that typically run locally (client application and X Windows server on the same
machine).

Direct Xlib allows most X Windows graphics rendering operations to occur
directly in the dient application process. This helps avoid the overhead
associated with the copying of client application data to the X Windows
request buffer, client/server context switching, and server parsing and
processing of the request buffer for thesc operations. The key to the Direct Xiib
library is the use of Sun’s Direct Graphics Access (DGA) technology, which
provides a synchronization mechanism between the Direct Xlib library and the
OpenWindows server.

The principal benefit in using the Direct Xlib library is rendering performance.
In general, most applications experience two times the rendering performance
using the Direct Xlib library versus the Xiib interface. Use of the standard Xlib
library is appropriate when graphics performance is not a factor, and when the

28 SPARCstation 5 524 Grephics Technology — July 1994



bei ng designated PB(63:00), wherein one of said sub-blocks 20 conpri ses:
a first register which receives bits PB(47:32) of said pixel data; a second
regi ster which receives bits PB(47:32) of said pixel data; 25 a
third regist'er coupled to said first register;

3

application must be statically linked. The following common 2-D rendering
operations in the Xiib interface and the OpenWindows environment that are
5, accelerated by the SPARCstation 5 S24 graphics system include:

[ ) Copy

*® Solid, stippled, textured fill and Raster Operation (ROP)
* Vectors

® Text

SPARCstation § 524 Software 29



a fourth register coupled to said second register and said third register.
12. The apparatus defined by claim2 wherein said 30 recei ved pi xel data
conprises 128 pixel bits divided into two sets containing 64 bits each, the
bits in said first set being designated PA(63:00), the bits in said second

set

Summary | 4

Today’s desktop computing enviromment is becoming the focus of converging
technologies supporting window systems, video, imaging, CAD, multimedia
and other rendering-intensive applications. Until the SPARCstation 5 S24, this
environment was driven by the lower cost almost exclusively associated with
8-bit display devices. As a result, the volume acceptance of 24-bit was limited
to high-end CAD and publishing use.

The SPARCstation 5 524, together with its accelerated counterpart, the
SPARCstation 205X, represents a important breakihrough in delivering low-
cost 24-bit imaging capability to a high-volume performance-sensitive
marketplace. By employing closely coupled CPU-to-memory designs while
leveraging overall system throughput, these platforms are able to deliver
performance to image-intensive applications, while simultaneously providing
moderate geometry-based acceleration.

The key benefits of these architectures include lower cost per seat across the
applications spectrum, from EDA and GIS markets to color publishing,
imaging and visualization. By using the host system’s dynamic memory for
image manipulation, these deskiop platforms not only outperform other 24-bit
systems, but do so at lower cost.

Sun’s SPARCstation 5 524 and SPARCstation 20SX technology represent a clear
industry direction in embedded graphics design. In the future, 24-bit support
will become commonplace, as will the usc of highly-integrated closely-coupled
CPU/memory/graphics architectures which provide for the simultaneous
processing of floating-point data and non-rendering application code while
dedicated processor or framebuffer logic manages rendering.



24 bei ng designated PB(63: 00), wherein one of said sub-blocks conprises: a
first register which receives bits PB(63:48) of said pixel data;
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5 a second register whi.ch receives bits PB(63:48) of said pixel
data; a third register coupled to said first register; a fourth register
coupled to said second register and said third register. 10 13. The
apparatus defined by claim 1 wherein said
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processing logic circuits conprise: a first multiplexor coupled to said
interleaving format circuits; 15 a pipeline register coupled to
said first multiplexor and said interleaving format circuits; a second

mul ti pl exor coupled to pipeline register; a shift register coupled to said
pi pel i ne register and
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pi xel data and said first multiplexor is coupled to said interleaving
format circuits so that a first set of said pixel data is a first
selectable input to said first 30 mul ti pl exor; a second set of said

pi xel data is a second selectable input to said first nmultiplexor; a third
set of said pixel data is a third sel 8¢2lable input to said first
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25 mul tiplexor; and a fourth set of said pixel data is a fourth selectable
I nput to said first nmultiplexor. 15. The apparatus defined by claim14
wherein said 5 pipeline register is coupled to said first mnultiplexor

to
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receive first and second sel ected outputs fromsaid first nultiplexor as
first and second inputs and is coupled to said interleaving format circuits
to receive: as a third input, said third set of pixel data; 10 as
a fourth input, said fourth set of pixel data; as a fifth input, a fifth
set- of pixel data; as a sixth input, &23i xth set of pixel data;
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Fig. 6 4:1 Single Buffered interleaved Pixel Format



as a seventh input, a seventh set of pixel data; as an eighth input, an
eighth set of pixel data. 15 16. The apparatus defined by claim15
wherein said second multi-plexor is coupled to said pipeline register to
receive as a first selectable input, said first through fourth sets of

pi xel data output fromsaid pipeline 7/21
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pixel number 0,1,2,3 4,5,6,7 8,9,10, 11

Fig. 7 4/,:1 Single Buffered Interleaved Pixel Format




20 register, and as a second selectable input, said fifth

t hrough eighth sets of pixel data output fromsaid pipeline register. 17
The apparatus defined by claim 16 wherein said 25 shift register is
coupled to said nultiplexor so that first through fourth sets of pixel data
I nput to said shift register are a seBgzt ed out put of said second

mul ti pl exor,
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32’;31-24; x ignore X greealx ignore X greenSX ignore X greengx
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PORTA
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BRiaraa) X X green2 X %6 X greens X x10 X greeMGD(
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Port A pixals
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Fig. 8 4/2:1 Double Buffered Interleaved Pixel Format




and said shift register is coupled to pipeline register so that fifth
t hrough eighth sets of pixel data input to said 30 shift register are
fifth through eighth sets of pixel data output from said pipeline register.

9/21
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Fig. 9  8,:1 Single Buffered Interleaved Pixel Format




26 18. A nethod for nultiplexing pixel data froma frame buffer for use by
a RAMDAC for display on a display device conprising the steps of: a)

undoing the interleaving perforned by said frane 5 buffer and
assenbling said pixel data as receiv430/£on1sa|d frame buffer into
cor r espongirg—sets—of—ptxel—data—sata

F|G 1 0 PIXEL PORT TIMING

eyd?
w8 —1*— tow'®
sC / AN / N
FIG- 1 1 PIXEL CLOCK INPUT (PLL BYPASSED)

LD

PIXEL DATA &

FIG- 1 2 PIXEL PORT TIMING - DETAIL




s oas

pi xel data having the formn/m1, where n is a nunber of whole pixels being
transmtted and mis a fraction of the data which forns a whol e pixel which
is transmtted during a 10 single clock cycle, where n>np; b)

processi ng predeterm ned portions of i{;ﬁlr eceived interl eaved pixel data to
produce serialized pixel data for proce€ssSing by said RANVDAC,
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wherein said undoing and assenbling produces a 15 plurality
conplete pixel sets, each forned by a predeterm ned nunber of bits.

19. The nmethod defined by claim 18 wherein said undoi ng 20 and
assenbling step produces first through eighth sets of conplete pi xe
20. The nethod defined by claim19 wherein said
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processi ng step conprises the steps of: 25 first selecting first
and second sets of pixel data fromanong said first through fourth sets of
pi xel data; passing said first and second sets of selected pixel data and
said third through eighth sets of pixel data; second selecting first
through fourth sets of said 30 pi xel data from anong said first through
fourth sets of said
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hand;, REPLACEMENT SHEET

data on the one hand and from anong said fifth through eighth sets of
data on the other

sai d pi xel

pi xel
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passi ng said second sel ected sets of pixel

data as first through fourth

sets of pixel data and said fifth through eighth sets of pixel data.

REPLACEMENT SHEET

15/21

Q |—3 P3[31:00]

@ 2 « 8
(&) 0 [a] QO
3
> Y=
- 8(:0:; %
E , =2 < < Bil s
5
© © 9
:
g ° 3 g 8 g ° 8, ]
£ 4 ég = 4 ég £ A ag %
A A
It 5 G G S O O B
3_ o—o n
i
(o] n.
2 g x .o
o O Q E

l-——-. CLKEN
'\

—
?
S

o

= =T ga N

52 a3 oEs

=8 28 & mE= L

58 gg = 50a



16/21

{00:1Elvy =]

LNSHD IVAHO ONINVITIALNI ¥ T3XId ~ 1HOd T3XId

€1 914

NI

ue)g

a f¢
of
NID
a5
A ven
D al 4—-lbo a
of
934 d 93uqQ

a

loocstlad

[rolauo



17/21

5 0)J

LNOHIO LYWHOS DNINWVITHAUNI § TBXId ~ L1804 13Xd

NDMO : . 4 §- uegs
o @ @
NDD N30 [
o - J 1
gen 7]
. ar \ o a D 0
- . 9 . .
saua P34 O
N
. ] VER o]
9111 6lad
looiclsd €= © @ \ o @ . S [s0}dyD
9
934 Q Py a




18/21

loo:icled i

NINTD

LINOHIO LWAHOL ONIAVATHIINI 9 13Xid —~ 1H0d T3XId

®z 91

o

1,

=1 Ke]

* usng
@
Izwa.w..rll_
no
2N

b a 1[!!)

B3ua .
\ [2e:2vlRd
[s0]auo




19/21

{oo:reled A.IJ

1INOUIO JVWHO4 DNIAVIHIALNI £ 13Xid-— 1HOd 13X1d

.

NIID
w19
N0 |
Y10
acw
o Ldo a
of .
o3k g
NDIO
%10
o Ve
o afé /o a
of
o3 q o34 Q

a

(av:c9lad

Lolayo



20/21

46 camme b @

-omss

ONKLL LINOHIO 1YWHOA 013XKd — 1HOd 1BXId

rwo | vwe ] owex ] on
| suo | sex { rup | wex ] 050 j oex | u%_

[ avex | w.xo | eex _ 49 | rax | oud _. oex | Nm

| 2ex | ewo ) esx | suo | vex [ ouw | oex |- mnm

_. sy | me | ew | ea | vy | va | ou [ o8 | .g%ﬁm

[ a9 | ax ] e9 | ax [ w¥o [ vx [ 6o [ ox | aqﬂmm

— ve0s

_ _ _ _ _ _ _ _ _ _ z/n

el



37aVL ONLLNOY SLNDJYID LYWHOL DNIAVITHIINI — 1H0d "BXid

21/21

0 d 0 d¥D 0 do 0puE | 4HO 0pYB | du9 0pus | guo| VW3NG 0d

¥ dHD b PUe 8 dyo 8 4344N8 0d

| 44D L dHO Lol  zpueedyo 2 pus ¢ 4Ho gpusedun| Y H3ddng id

9 dyo 9 puB £ gyo 8 Y344n8 Ld

2 dJo 2 dH9 2 dHo b PUB 6 JYO v Y3ddna ad

. 9 D : g ¥344n8 24

€ dHD £ duo € o 9 pue L dyo ¥ Y3d4n8 €4

£ duo .8 Y344n8 €4

¥ 449 bd

S g9 sd

9 49 . 9d

L g9 . 2d
a3yaddna) - - o3ugddng aguaddng aay3dng QauIdEANg 03434ng 13X(d
NS Lig/el  FwWNISLiev|  FlEnodlian T18N0A +: 2 JIONIS 1 2 1NdiNO

JIONIS L3 ¥




e
.

N

floessq { zres

7
several functional blocks as follows: CPU port, interface logic,

address pointers and data registers 31, pixel port, pixel input
registers and serialization 33, shadow and RAM look-up tables,
transfer control and overlay/underlay logic 35, color moéel
selgction 37, cursor logic serialization 39, monitor serial port
41, diagnostic registers and control logic 43, digital-analog
converters (DAC) 45a-45c and PLL clock synthesizer, pixel clock
divider and video timing generator 49. The invention lies mainly
in an implementation of the pixel port, pixel input registers and
serialization 33 component of the RAMDAC. Therefore, the
following description will be limited to the pixel port, pixel
input registers and serialization, with information pertaining to
the other components of the RAMDAC provided only as needed for an
understanding of the present invention. Although the other
components shown in Figure 3 may vary between RAMDACs of different
manufacturers, persons skilled in the relevant art will recognize
these various components and know how they or their equivalents
may be implemented

The pixel port is a synchronous input port which accepts
interleaved pixel data. Several interleaving formats are required.
Selection among these-utilizes register programming and is done as
part of a boot time configuration process. RAMDAC 21 has two pixel
ports, labeled A and B, with a programmable interleaving factor.
This configuratign accommodates double buffered operation for
animation. Here, as in all other cases, the interleaving selection

is made during configuration. The selection of port A or port B is
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1. An apparatus for multiplexing pixel data from a

CLAIMS

frame buffer for use by a RAMDAC for display on a display

5 device comprising:

a) interleaving format circuits for coupling to a frame
buffer and receiving interleaved pixel data having the form

n/m:1, where n is a number of whole pixels being transmitted

10 and m is a fraction of the data which forms a whole pixel
Y, which is transmitted during a single clock cycle, where
ns>m>1;

b) logic circuits coupled to the interleaving format
15 circuits for processing predetermined portions of the
received interleaved pixel data to produce serialized pixel

data for processing by said RAMDAC,

wherein said interleaving format circuits include
20 circuits which undo the interleaving performed by said frame
buffer and assemble said pixel data as received from said

frame buffer into corresponding sets of pixel data.

3\ -

25 2. The apparatus defined by claim 1 wherein said
!undoing and assembling circuits comprises sets of registers
and multiplexors which are coupled together to form a
plurality of sub-biocké which cooperatively operate so that
each produces a complete pixel formed by a predetermined
30 number of bits.
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3. The  apparatus defined by «claim 2 wherein
predetermined ones of said sub-blocks receive signals which

define the interleaving format performed by said frame
buffer.

4. The apparatus defined by claim 1 wherein the
interleaved pixel data is in one of:

4/2:1 single buffered interleaving format;

4/2:1 double buffered interleaving format;

8/2:1 single buffered interleaving format.

5. The apparatus defined by claim 2 wherein said
received pixel data comprises 128 pixel bits divided into
two sets containing 64 bits each, the bits in said first set
being designated PA(63:00), the bits in said second set
being designated PB(63:00), wherein one of said sub-blocks
comprises:

a first register which receives bits PA(15:00) of said
pixel data;

a second register which receives bits PA(31:16) of said
pixel data;

a third register which receives bits PA(15:00) of said
pixel data;

a fourth register coupled to said first register;

a multiplexor coupled to said second and third
registers;

a fifth register coupled to said fourth register and

said multiplexor.

6. The apparatus defined by claim 2 wherein said
received pixel data comprises 128 pixel bits divided into

two sets containing 64 bits each, the bits in said first set
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being de igna%edf“fﬂj%B:OO), the bits in said second set
being designated PB(63:00), wherein one of said sub-blocks
comprises:

a first register which receives bits PA(31:24) of said
pixel data;

a second register which receives bits PA(63:32) of said
pixel data;

a third register which receives bits PA(31:24) of said
pixel data;

a fourth register coupled to said first register;

a multiplexor coupled to said second, third and fourth
registers;

a fifth register coupled to said multiplexor.

7. The apparatus defined by claim 2 wherein said
received pixel data comprises 128 pixel bits divided into
two sets containing 64 bits each, the bits in said first set
being designated PA(63:00), the bits in said second set
being designated PB(63:00), wherein one of said sub-blocks
comprises:

a first register which receives bits PA(47:32) of said
pixel data;

a second register which receives bits PB(31:00) of said
pixel data;

a third register which receives bits PA(47:32) of said
pixel data;

a fourth register coupled to said first register;

a multiplexor coupled to said second, third and fourth
registers;

a fifth register coupled to said multiplexor.
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8. The apparatus defined by claim 2 wherein said

received pixel data comprises 128 pixel bits divided into
two sets containing 64 bits each, the bits in said first set
being designated PA(63:00), the bits in said second set
being designated PB(63:00), wherein one of said sub-blocks
comprises:

a first register which receives bits PA(63:48) of said
pixel data;

a second register which receives bits PB(63:32) of said
pixel data;

a third register which receives bits PA(63:48) of said
pixel data;

a fourth register coupled to said first register;

a multiplexor coupled to said second, third and fourth
registers;

a fifth register coupled to said multiplexor.

9. The apparatus defined by claim 2 wherein said
received pixel data comprises 128 pixel bits divided into
two sets containing 64 bits each, the bits in said first set
being designated PA(63:00), the bits in said second set
being designated PB(63:00), wherein one of said sub-blocks
compriges:

a first register which receives bits PB(15:00) of said
pixel data;

a second register which receives bits PB(15:00) of said
pixel data;

a third register coupled to said first register;

a fourth register coupled to said second register and

said third register.
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10. The apparatus defined by claim 2 wherein sgaid
received pixel data comprises 128 pixel bits divided into
two sets containing 64 bits each, the bits in said first set
being designated PA(63:00), the bits in said second set
being designated PB(63:00), wherein one of said sub-blocks
comprises:

a first register which receives bits PB(31:16) of said
pixel data;

a second register which receives bits PB(31:16) of said
pixel data;

a third register coupled to said first register;

a fourth register coupled to said second register and

said third register.

11. The apparatus defined by claim 2 wherein said
received pixel data comprises 128 pixel bits divided into
two sets containing 64 bits each, the bits in said first set
being designated PA(63:00), the bits in said second set
being designated PB(63:00), wherein one of said sub-blocks
comprises:

a first register which receives bits PB(47:32) of said
pixel data;

a second register which receives bits PB(47:32) of said
pixel data;

a third register coupled to said first register;

a fourth register coupled to said second register and

said third register.

12. The apparatus defined by claim 2 wherein said
received pixel data comprises 128 pixel bits divided into
two sets containing 64 bits each, the bits in said first set

being designated PA(63:00), the bits in said second set
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being designated PB(§3:00), wherein one of said sub-blocks
comprises:

a first register which receives bits PB(63:48) of said
pixel data;

a second register which receives bits PB(63:48) of said
pixel data;

a third register coupled to said first register;

a fourth register coupled to said second register and

said third register.

13. The apparatus defined by claim 1 wherein said
processing logic circuits comprise:

a first multiplexor coupled to said interleaving format
circuits;

a pipeline register coupled to said first multiplexor
and said interleaving format circuits;

a second multiplexor coupled to pipeline register;

a shift register coupled to said pipeline register and
said second multiplexor. register is coupled to pipeline
register so that fifth through eighth sets of pixel data
input to said shift register are fifth through eighth sets

of pixel data output from said pipeline register.

14. The apparatus defined by claim 13 wherein said
interleaving format circuits assemble said pixel data as
received from said frame buffer into corresponding sets of
pixel data and said first wultiplexor is coupled to said
interleaving format circuits so that a first set of said
pixel data 1is a first selectable input to said first
multiplexor; a second set of said pixel data is a second
selectable input to said first multiplexor; a third set of

said pixel data is a third selectable input to said first

REPLACEMENT SHEET

11 0CT 2500

| | AMENDED SHEET

SO Y -




10

15

20

25

30

\
\

my T

c

25 S

multiplexor; and a fourth set of said pixel data is a fourth

selectable input to said first multiplexor.

15. The apparatus defined by claim 14 wherein said
pipeline register is coupled to said first multiplexor to
receive first and second selected outputs from said first
multiplexor as first and second inputs and is coupled to
said interleaving format circuits to receive:

as a third input, said third set of pixel data;

as a fourth input, said fourth set of pixel data;

as a fifth input, a fifth set of pixel data;

as a sixth input, a sixth set of pixel data;

as a seventh input, a seventh set of pixel data;

as an eighth input, an eighth set of pixel data.

16. The apparatus defined by #claim 15 wherein said
second multiplexor is coupled to said pipeline register to
receive as a first selectable input, said first through
fourth sets of pixel data output £from said pipeline
register, and as a second selectable input, said £fifth
through eighth sets of pixel data output from said pipeline

register.

17. The apparatus defined by claim 16 wherein said
shift register is coupled to said multiplexor so that first
through fourth sets of pixel data input to said shift
register are a selected output of said second multiplexor,
and said shift register is coupled to pipeline register so
that fifth through eighth sets of pixel data input to said
gshift register are fifth through eighth sets of pixel data

output from said pipeline register.
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18. A method for multiplexing pixel data from a frame
buffer for use by a RAMDAC for display on a display device
comprising the steps of:

a) undoing the interleaving performed by said frame
buffer and assembling said pixel data as received from said
frame buffer into corresponding sets of pixel data, said
pixel data having the form n/m:1, where n is a number of
whole pixels being transmitted and m is a fraction of the
data which forms a whole pixel which is transmitted during a
single clock cycle, where ns>m>;

b) processing predetermined portions of the received
interleaved pixel data to produce serialized pixel data for
processing by said RAMDAC,

wherein said wundoing and assembling produces a
plurality of complete pixel sets, each formed by a

predetermined number of bits.

19. The method defined by claim 18 wherein said undoing
and assembling step produces first through eighth sets of

complete pixel data.

20. The method defined by claim 19 wherein saild
processing step comprises the steps of:

first selecting first and second sets of pixel data
from among said first through fourth sets of pixel data;

passing said first and second sets of selected pixel
data and said third through eighth sets of pixel data;

second selecting first through fourth sets of said
pixel data from among said first through fourth sets of said
pixel data on the one hand and from among said f£ifth through

eighth sets of said pixel data on the other hand;
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passing said second selected sets of pixel data as
first through fourth sets of pixel data and said fifth
through eighth sets of pixel data.
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