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FI ELD SYNCHRCNFZATICN OF | NDEPENDENT FRAME BUFFERS BACKGROUND OF THE

| NVENTI ON Field O The Invention This invention relates to
conput erf systens and, nore particularly, to a RAMDAC (random access
menory-di gi tal -to-anal og 5 ~converter) used to transfer and process data
froma frame buffer to an out put display device. Hi story of The

Prior Art  prgrp ﬁﬁ@m’ét\iii‘&rf&ﬁ%fif@ﬂﬁpﬁ&ﬁé&@”ﬁi\ﬁwhwﬁgkﬁ I ncreasing

t he oper ation speed_of deskto uters has been In finding ways to

cQ
10 increase PREXFROEND: GRi JRE nf 28N is transferred to an out put

di spl ay dEViCﬁiefﬁ#b%ﬁfhéﬂfﬁz§ﬁ£k§§5 forms of data presentation whi ch
are presently avalrablre require that |arge anmounts of data be
transferred. For exi®l|Gvdrti®nCoAPMEL QWIidRMbuleSPs A MRNGHA, more 1S
operating in a color node in which 1280 X 1024 pixel's are 15 displayed on
the screen at papciculngliyhe toDdeRAMDAN e(dahdohi abcess meniryt-Pifiwa bt s-a@talog
used to define each pixel, then a total of over forty mllion bits of

i nf or mat i oh neeeveRtaplamseds tedtransfrr and preress didtah fagmhai hvene dnfifer

picture (called a "frame"), . that ig ,
to an output ‘display device.

History Of The Prior Art
One of the significant problems involved in increasing the
operational speed of'desktop computers has been in finding ways to
10 increase the rate at whiéh information is transferred to an output
display device. Many_of the variouslforms of data presentation
which are presently available require that large amounts of data
be transferred. For example, if a computer output display monitor
is oQérating in a color mode in whiéh.1280 X 1024 pixels are
15 displayed on the screen at once and the mode 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
20 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 iﬁformation to an
output display device, computer systems typically utilize -a frame
25 Dbuffer which holds the pixel data which is to be displayed on the

output display.



di spl ayed. Typically, sixty frames are di splayed each second so 20 that

over one and one-half billion bits nust be transferred each second in
such a system This requires a very substantial anount of processing
power . In order to provide such a |large anmount of information to
an - out put di splay device, conputer systens typically utilize a frane

25 buffer which holds the pixel data whigh is to be displayed on the
out put di spl ay. ] 2
Typical ly a frafypigpley afframe pudferi efgns @rréuﬁtfi@iemamnnt of zandes

menory to store one franme of data to_be dis Ia¥ i nformation in
the frame EﬁFF@F PEMPFANS? THRE PBetﬁEa%ﬁéﬁf Pr5ﬂ1be dispiayefyh %uffer

si xty or rﬁ"e f%gacll;l Sqeé:gf;}%fnep‘%?rfex( 1d's gngg%ﬁrﬁ CAG el Iy tran§m¥l Oﬂgo

pi xel data |n PRNE" bt ShENS A _
be .di spl ayqdd Frhiie PE¥fer sixth’ @3Fmore tJ.mes eakfl ERAMJ r@t’f‘ﬁeQUf bgrs, pixel

data may be read f.romthe sane port as data is witten. M frame

buf f er ssaddiiringpaeatr tiglesfer, the pixel data in the frame buffer is
updgted'with the new information to be displayed in the next
frame. _

In DRAM frame buffers, pixel data may be read from the same
port as data is written. VRAM frame buffers add a separate video

10 | data port so that the main pixel port remains free for rendering.
Two-ported videc random access memory (VRAM) or frame buffer
random access membry (FBRAM) has been substituted for dynamic
random access memory so that information may be transferred from
the frame bufferlto the display at the éame time other information

15 is being loaded into the frame buffer.

The data from the frame buffer is input to circuitry which
converts the aata from the VRAM to a form usable by the output
display device. Figure 1 shows a computer system in which the
present invention may be utilized where data in a memory 11 from a

.20 host CPU 12 is placed on host bus 13 and passed by rendering
controller 14) to the frame buffer shown in Figure 1 asVRAMs 15a-
15d although FBRAMs may also be used. 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

25 of the RAMDAC) and other elements for translating 16 bit data from
the frame buffer to a 64 or 128 bit digital RGB signal which is

converted by a digital to analog converter (DAC) to three analog
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10 data port so that the main pixel port remains free for rendering.
Two- ported video random access nenory (VRAM or franme buffer random
access nenory (FBRAM has been substituted for dynam c random access
menory so that information may be transferred from the frame buffer to
the display at the sanme tine other information 15 is being |oaded into
the frame buffer. The data fromthe frame buffer is input to
circuitry which converts the data fromthe VRAMto a form usabl e by
t he out put di spl ay device. Figure 1e%hows a conputer systemin which
t he present invention may be utiliz where data in a nenory 11 froma
20 host CPUibnals pepceserainyosblbage 1Bevssich [fasseddbyblwnderd ageen which
controller 14) to the frame buffer shown in Figure 1 asVRAMs 15a- . 15d
al t hough FBRRG® sajrinred ae aPdidelAlrpapien Ap mendgap| 22 qxeate a dasgiredt
bus through the rendering controller _and, ta the fr uf fer and
Chel uea o dser AR EheE ROl UTThe! Rttt har b BOF: trame M R RRRERG)
and ot her el.ehpal. éoé’: AL A Lig &? %}é d@&@ AT ¢l &%@Qﬁ ngE d
: ng. co On r oner are
to a 64 or f%gqam? igrta Si gha Ich converted by a |g|r§al
to anal 0g cqp¢ehar wi PAGQot & Be88rdPal Aerein except as necessary for a
proper understanding of the invention. In this connectioh, for the
most part, the present invention is directed to certain
improvements to RAMDAC 21 which provide the enhanced capabilities
of the invention.

10 SUMMARY OF THE INVENTION

For certain applications including stereo display, virtual
reality and video recording, it is reqpired to synchronize the
vertical blanking of multiple frame buffers. The frame buffers
may exist on the same computer or separate computers.

15 A similar, but much more complex synchronization problem has
been encountered and solved in television studios. There, it is
necessary to cause cameras, encoders, special effects generators
recorders and modulators to operate synchronously. A master
generator provides the timing and frequency references, often

20 referred to as Genlock, for the entire arrangement of equipment.
However, generating a Genlock signal requires video sync filtering
and acquisition hardware, which can add cost to a system.

All frame buffers in a group to be éynchronized contaiﬁ“their
own video timing generators. All are programmed to use the same

25 video timing. Variations in the reference frequencies used by

each frame buffer will eventually cause the frame buffer's video

timing to drift relative to another frame buffer. Furthermore,



3 signals representing voltage levels for red, blue and green which
when conbi ned at a pixel location in nonitor 25 create a desired col or
at that pixel. The particulars of the franme buffer nenory, renderi ng
controller and nonitor conponents are well known in the 5 art and will

not be described herein except as necessary for a proper under standi ng
of. the invention. In this connection, for the - nost part, the present
invention is directed to certain i mpr ovenents to RAMDAC 21 which
provi de the enhanced capabilities of the invention. 10 SUMVARY OF
THE | NVENTI @Nthout a mechzgrispefpai syapptardaingnsheneexiced syaceevents Hialy,
vi rtual realit¥fand video recording, it is required to synchronize the

vertical bl &RMRGEBFERET t1idile PAVENBRBUITERE. OFRSCFr i e Bififers may
exist on the Sa”%ﬁﬂ”?ﬁis“in%%n%?%%r aBﬁ)? CPr’%r&ét YFreriPs the mdard T | gL, Dbut
em has beée

much nore conpl ex Synchronization pro nencount er.ed and

sol ved in t eyl &8N, SE UM DS calPIBEFIELD ithat chal§E8SSEHte (@ €BUICOEATRIAS,
encoders, special effects generators recorders and nodul ators to

oper ate syn@)r agouRéyst#drtiTasH every vefeiwdialsgincpeoghtiesn e wasteg frdhe
frequency references, often 20 referred to as CGenlock, for the entire
arrangenent byfffequi phkhtother frapechefferngp@@easehgta erilevessi gihgir

requires video sync filtering )
timing generators sample the master's FIELD signal. When they

_detect'the master's FIELD signal changing state, they set their
own internal timing to match. As implemented, all frame buffers

iO use the transition of an internal counter from a nonzero value to
zero as the vertical sync event. Slave frame buffers set their
vertical counters to zero, and their internal field signal state
to that of the master's, when they detect a change in the master's
field signal.

15 This provides a very inexpensive technique of achieving frame

synchronization. Although it may not be as precise as Genlock, it

is much simpler to implement.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block Qverview diagram showing a system in
20 which'the RAMDAC of the present invention ma& be utilized.

Figure 2 is a block overview diagram showing three systems
which operate in synchronism with each other utilizing the present
invention.

Figure 3 is a detailed block diagram of a RAMDAC.

25 Figure 4 shows timing generation for non-interlaced format.

Figure 5 shows horizontal_timing and composite sync

generation for non-interlaced format.



and acqui sition hardware, which can add cost to a system Al

frame buffers in a group to be synchroni zed contain their own vi deo
timng generators. Al are programmed to use the sanme 25 video tinng.
Variations in the reference frequencies used by each franme buffer wll
eventual |y cause the frame buffer's video timng to drift relative to
anot her frame buffer. Furthernore,

4 wi t hout a mechani sm for synchronizing the vertical sync event al
frame buffers will have this event offset?in tine. Wth this

nvention. one {EANE O Lo nbDE SRSLCanb e vave st 983 Spelonaloeal | ed

FI ELD that changes™state e start or every

vertical sypermyent on the master frane buffer. Al other frane
buffers are set to be slaves. Their timng generators sanple the
master's FlIELD sFigate MWsdowsh¥ySC videtettdmtinghe naster's FlELD si gnal
changi ng state, they set their own internal timng to match; As

i npl ement ed, al | Fig@rre Sdfs ar bloqls Quartiey diagsanih ¥Adenat elmkng

counter froma nonzero val ue t
g generator of %e present invention.

Figure 9 is a detailed block diagram of the video timing
generator of the present invention.
Figure 10 is a logic gate implementation of the video timing
generator of the present invention.
10 Figure 11 is a detailed block diagram showing the operation
of equality comparators.
Figure 12 shows field generator master mode timing.

Figure 13 shows field generator slave mode timing.

DETAILED DESCRIPTION OF THE INVENTION

15 A system utilizing two or more video monitors displaying
related or contiguous images generated by two or more computers
may exhibit aberrations in the viewed images because the computers
do not operate from a single timing reference. The present
invention provides a simple, low cost technique for sharply

20 reducing such aberrations in the viewed images.

Figure 2 represents a hypothetical arrangement having threé
systems; the number of systems may be increased or decreased
without effect on the principle under discussion. Each of tﬁése
systems includes a RAMDAC 21, a graphics engine, or other video

25 data source such as rendering controller 14, a frame buffer memory
15 and host computer 12. Components other than the RAMDAC, are

included as an example of an implementation of the RAMDAC in a



zero as the vertical sync event. Slave frame buffers set their

vertical counters to zero, and their internal field signal state to
that of the nmaster's, when they detect a change in the master's field
signal. 15 This provides a very inexpensive techni que of achieving
frame synchroni zation. Although it may not be as precise as Cenl ock,

it - I's much sinpler to inplenent. ¢ BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is a block overview di agram showi ng a systemin

20 which the RAMDAC of the present invention may be utilized.
Figure 2 iscompletk systemewAdi sheaneBhofithye tildestsgtiemsis a boghileheled
operate in %%nchronlsnlmﬁth each other utilizing the present

i nvent i on. whigh mRRFesents,y ad@?ﬁ???quﬂ SOReHYSY IR cHSY2RaRBRE. 25
Figure 4 shg)\é@shhgéggorgg{m{ q:thr%g (,Qgego(@lé I aced format. :

Figure 5 sh ori zont I'mng and conpos e sync ' generation for
non-interlaced f@hEBkey feature of this arrangement is the nature of the

5 displayed video data. The data are related to one another, so
that all three_displays.are required to represént a complete
scene. Also important is the fact that the displayed data are not
static, they convey the impression of movement. For example, such

'_an arrangement might be used as part of a flight simulator,

10 wherein video display 2 provides the forward view from the
simulator cockpit and video displays 1 and 3 provides the left and
right views. Each of these displays may be stereoscopic displays,
which impart a greater sense of "reality" to the simulation. 1In
this case, each of the video displays must alternately and

15 synchronously present left eye views and right eye views. The
viewer wears special goggles which act as shutters for each eye,
alternately and synchronously admitting left data to the left eye
and right data to the right eye. The need for synchronization is
clearly necessary, but synchronization is not a natural

20 consequence of placing three video displays side by side as shown
in the Figure 2. There are several reasons for this, all qf them
having to do with the clocks which regulate the rate at which
processes occur in the RAMDAC, graphics engine and the host CPU
and the quantity of data rendered by the graphics engine infs the

25 frame buffer.

Consider a single system, i.e., one of the three shown in

Figure 2. It is impractical to require all of the components of



5 Figure 6 shows horizontal tim ng waveforns for interlaced

formt. Figure 7 shows NTSC video tim ng. Figure 8 is a
bl ock overvi ew di agram of the video timng 5 generator of the present

I nventi on. Figure 9 is a detailed bl ock diagramof the video
timng generator of the present invgntion. Figure 10 is a

| ogic gate inplenentation of the video timng generator of the present

ogi ¢ ‘gat tati e video timng g of the p
operation =Sk & syssEOES sk BLTGhE! Lidel\AREhag: TRATDI Sk fhe

generat or RSy c¥BPLRgihd1 &k each designéd M Spb3atBoue thelgh<aRR8EAL OF
sl ave node ti.m ng. DETAI LED DESCRI PTI ON THE | NVENTI ON 15

system uti |padgigpliewelock nbrequandsq boni tivese dirspluanchgs may didgifetred Dhe
contiguous images generated by two or nore conputers _may exhibit
aber r at i onRAMPAG & sy redeir¢drdge SPgTsasat t SRVergdpdreryencies,d@agdt ofper at e

froma single tim-ng reference. The present I nvention, provi des a
S mpl o, 3 WA LEcRAREES Toreiatp| onatrertaty st s oot it Wbr 58 Bi€e n
thg\e/i ‘r’]ige‘t"ﬁ? e;ieéﬁ%%%, defined by Va3108s?vi&RS CEEP%y? tBYRAL DOl Gl seRLEAPEFTEN
the rate at which video data are rendered is not related to the
rate at which video data must be displayed. This difference is
reconciled by the frame buffer which accepts rendered data from
10 the graphics engine at one rate and delivers thege data to the
RAMDAC at a different, usually faster, raté. This works well if
the displayed data produce an image which is static. If motion
{(animation) is required, a larger frame buffer is needed. This
large buffe; is divided into two parts, referred to for
15 convenience as buffers A and B. Each of these buffers is
connected to the graphics engine and to the RAMDAC. This double
buffering scheme works in this way. The first view of an animated
sequence is rendered into buffer A. When the rendering is
completed, the RAMDAC is told, by a control mechanism synchronized
20 to thé vertical blaﬁking point of the video timing generator, to
display data from buffer A. Once this is done, the CPU and the
graphics engine begin rendering data for the next view into buffer
B. When rendering is completed, the roles (fendering and display)
of buffers A and B are again reversed. This process continugs,
25 resulting in the illusion of smooth motion (provided the rendering
rate is sufficiently high) without noticeable aberrations. The

point at which the buffer switching occurs is triggered by the



systens; the nunber of systens may be increased or decreased wi t hout

effect on the principle under discussion. Each of these systens

i ncludes a RAMDAC 21, a graphics engine, or other video 25 data source
such as. rendering controller 14, a frame buffer nenory 15 and host
conputer 12. Conponents other than the RAMDAC, are i ncl uded as an
exanpl e of an inplenentation of the RAMDAC in a

6 conplete system At the top of th& illustration is a box |abeled

VI EMER whi ch represents a person who observes the.visual data

presented orcdrpdethoseoyi tewialisygl apd. by the arrive@leoReyhd enthseguehtt fiideo
arrangenent is the nature of the 5 di spl ayed video data. The data are
related to dﬁﬁ??ﬂﬂ@@hé#an§%ﬁg 1nteﬁwa# -al The Hraddedi SHPRY s arrradugec By e
represent a conple ne. Also | ortant is the fact that the

di spl ayed d Eﬁpﬁﬁﬂegﬁgﬁrator ?ﬂEﬁHlES TSV RBY Hpt BTt novenent .
A i o PSR S, 3 S
5 of the FIELD 51gnal indicates that a new frame of video (a frame
is'one complete image) is about to start.: In the implementation
described herein, the direction of the FIELD signal transition,
for non-interlace monoscopic displays, is irrelevant. However,
the direction of the transition is very important for stereoscopic
10 and interlaced displays. In the former case,'the level of the
FIELD signal indicates which of the stereoscopic views, left or
right, is to be processed and displayed by the.RAMDAC, video
display and stereoscopic goggles, if present. In the latter case,
the level of the FIELD signal identifies the current field as
15' elther the odd field or the even field.

When used in stereoscopic mode, the double buffered frame
buffer is reorganized. Buffers A and B are retained but each one
is again divided into two buffers.' One of these holds data
belonging to the left eye view and the other holds data'belbnging

20 to the right eye view. The previously described rendering and
display operatidhs also apply in the stereoscopic mode.

Figure 2 shows three systems which must display re;ated or
contiguous video data. Therefore, it is necessary for all systems
to knoﬁ when rendering of a particular video frame has been '

25 completed so that all systems can trigger the buffer switching
operation at the same time. The time'required for each system to

complete its portion of the rendering task depends, in large part,



simul ator cockpit and video displays 1 and 3 provides the left and
right views. Each of these displays nay be stereoscopic displays,

which inpart a greater sense of "reality" to the simulation. In this
case, each of the video displays nust alternately and 15 synchronously
present left eye views and right eye views. The vi ewer wears speci al
goggl es which act as shutters for each eye, alternately and
synchronously admtting left data to theogl eft eye and right data to
the right eye. The need for synchronization is clearly necessary, but

synchroni zation is not a natural 20 consequence of placing three video
di spl ays si @r bhe stad-eatsshfwphe scerien beipgFrgudered. Tdesearentewes afill
reasons for this, all of them having to do with the cl ocks which

regul ate t h8ifLgke aonghiths three Hystelses CEREEAUSH e tRAVBRFPLE tothitddes
engi ne and the, hos fe heSO?S-w%nd a’inhcﬁ & ;{%@55} X84 rge%}u%&l)ce'lqeggg \l?geéhcl

graphlcs.englne N3] rame der "a sin
system i.emonfHSr qa‘hé Be-obREEs §f'%hde'}1ng inFH RN e lsyst8mkMDr@sdd Gal to

require all of the conponénts of
7 5 systems have completed their rendering tasks, the buffer switching
operation is triggered via the local area network. This facility
solves one aspect of the synchronization problem. Another problem
exists resulting from the fact that the timing references (clocks)
for the three RAMDACs are independent of one another. Although
10 the trigger for the buffer switching operation can be made to
occur virtually simu;taneously, the simultaneous transition of the
three FIELD signals cannot be guarantegd by the described
circuitry.
Each of the three RAMDACs receives clock signals generated by
15 three independent, crystal controlled oscillators (not shown in
Figure 2) operating at a single nominal frequency. The actual
frequencies produced by these oscillators will vary within a range
of values {tolerance)} which depends on the tolerance. of the
crystal resonator and local conditions such as temperature ana, to
20 some extent, voltage. In principle and practice it is not
possible to guarantee that two, or more, such oscillators will
produce the same frequency over an extended period of time. For
example, assume three such oscillatqrs connected not to vidéb
displays but to three counter circuits used by three watches. If
25 all three systems were to be turned on at the same instant and the
" clocks compared after a few hours of operation, the indicated

times would be different and the differences would grow over time.



such a systemto operate at one clock frequency. The CPU and the

graphi cs engi ne are each designed to operate at the greatest possi bl e
cl ock frequency, but these frequencies may differ. The RAMDAC i s
required to operate at several frequencies, each of 5 which is related to
certain fundanental units of tinme, the pixel peri ods, defined by
various video display formats. Consequenigy, the rate at which video
data are rendered is not related to the rate at which video data nust

be di spl ayefhe Hine BhEhEBRERSE Wil occuk€ERNEGhd QbdMe-tBScEiBe® HyHdt@etWhheh
accepts rendered data from 10 the graphics engine at one rate and

del i vers t hesaeaatshowo fheFigure RAMDAEvah suflf fdiemnent imesuchd st er
rate. This works wel| if the di spl ayed data produce an i mage which is
static. |f FHt5eHs will eakerdiiides veghiezld Plankingetnkeml b@sfer is

e o Eppicans L e Lo WA L B R LSS
connect t Qr ' [ t hg: Thi
connect 81 Lo 4 BBHESo510 AfortAl, | nk e BAAGn TAT H0UA coavie.

sequence i sid gideieedcbpie Hpédds AheVBeRethoriBNGR dREmaBic sindeONRiret 8fd
the RAMDAC is told, by a control nechani sm synchronized 20 to the

vertical bladtithgyeovihewsfwihe notdée tbhengntgemerastsothet three syditeplsay dat a
frombuffer A Once this is done, the CPU and the graphi cs engi ne
begi n renderi ng &t o8t ipRerTRYtdad By theoPrSTdy inventon\gees matdéeekg

's conpl et etgd styrlllechl;:glngge({gg C%;el’lx’r.ier}ag o%rég.lggégxl's? Y ) Rather, it synchronizes

10 events produced in the video timing génerator circuits of the
three RAMDACs (which are referenced to the oscillators). This
approach exploits the fact that differences between the
oscillators will be small if measured over a smé;l interval of
time. The period between successive FIELD signals is such a short

15 interval (the period varies as a function of the particular video
format, it is a maximum of 20 milliseconds and a minimum of about
13 milliseconds for thé video formats supported in a typical
implementation). In the illustrated hypothetical arrangement,
system 1 is programmed to act as the master and systems 2 and 3

20 are programmed to act as slaves. As thg arrowheads in the
illustration indicate, the master system emits the FIELD signal
and the slave systems receive it. Thus, system 1 becomes the
source of the vertical interval timing reference and, in the
stereoscopic mode, the controlling signal for stereoscopic

25 goggles. The slaves respond to the received FIELD signal by
resetting the counters (horizontal and vertical dimensions) which

produce the video timing signals such as horizontal synch,



of buffers A and B are again reversed. This process continues, 25

resulting in the illusion of snoboth notion (provided the rendering

rate is sufficiently high) w thout noticeable aberrations. The poi nt
at which the buffer switching occurs is triggered by the

8 conpl etion of rendering and by the arrival of the subsequent video
vertical blanking interval. The latter event is produced by the timng
generator circuits of the RAVDAC and it s ldxt ernal mani festation is a
signal called the Fl ELD SI t,ransition 5 of the, FIELD si naI

i ndi cates tYRR-Fatef¥Prane Qéiqﬁ?ﬂ§}n@a f FRgrereset sratg,is ¢ Se) i S
about 12, 2t fidue doht B LHD) ST UliOR, exist HSSFIHCHaBEL Sl dhudae 4 eggt on
of the FIEL tran5|t|on non-interlace nonoscopi ¢ displays,
is irrel evatime Idmavet,emts ke td*ah@‘ith@ﬂ of ttHéeFtIEBDS$i¢r£HII. | T8l y

i nportant for stereoscopic 10 and interlaced displays. In the. forner
case, the |achdlevdhngt hbe requisdd Bysichmehizadiaat egfnhhentnfed fwystems are

stereoscopic views, |left or right, is to be processed and displ ayed by
t he RAN@#«:OQﬁq;ggd, it would be discovered that vertical blanking (or start

of frame) occurs nearly simultaneously. The differences in the
times ét which these events occur are caused by delays incurred in
the interconnecting cables and in the moment at which the counters
are actually reset. These differences are very small (on the

10 order of microseconds) and cannot be perceived by the viewer. The
present invention lies in this method of aéhieving synchronization
and the circuit elements utilized.

Figure 3 which the components of a RAMDAC 21 which can be

utilized to implement the present invention. The RAMDAC includes

15 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, c¢olor model
selection 37, cursor logic serialization 39, monitor serial port

20 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 video timing generator component of
PLL clock synthesizer, pixel clock divider and video timing ’

25 generator 49 which generates a FIELD signal for use by other
RAMDACs as described above to provide synchronization. Therefore,

the following description will be limited to the video timing



di spl ay and stereoscopic goggles, if present. In the latter case, t he
| evel of the FIELD signal identifies the current field as 15 either the

odd field or the even field. When used in stereoscopic node, the
doubl e buffered frane buffer is reorgani zed. Buffers A and B are

retai ned but each one Is again divided into two buffers. One of these
hol ds dat a bel onging to the left eye view and the other holds data

bel onging 20 to the right eye view. The previously described rendering and
di splay operations also apply in the stereoscopic node. Figure 2

shows three %réﬁﬁrmv’ﬁw mnformasprayPeEtaindddoito the oy gesronentscct
data. Therefqre S_nec for all _ t o _know whe
rendering of* Mﬁ%uﬁ”é‘?v\ﬁ‘ﬂgﬁﬁaﬁﬁ H%%g%iefﬁr 38 uRdTEAEE g, ° 2h5{‘eall
systens can gr er n

The tine redL{re fé&bghé%giysgéﬁkkggh gheégﬁﬁﬁggea%%ég¥5§t%%%%no?HEEEbHFe
rendering t &slmageRandsbetwedAFA®DRRE! of different manufacturers, persons

9 on the contents of the scene being rendered. These contents w |

5 skilled in the relevant art will recognize these various
components and know how they or their equivalents may be
implemented |

Frame buffer data is provided to the pixel port as pixel port

signals such that the pixel inputs are divided into two ports,

10 .labeled A and B which consist of four groﬁps per port.
Furthermore, each group is divided into an ﬁpper byte and a lower

byte. Thus, the pixel port comprises a total of 128 pixel bits

contained in groups 0 through 7. Table 1 illustrates these

assignments.
15 —_— -
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 1. Pixel Port Naming Convention



differ anong the three systens. Consequently, the conpletion tines

will differ. Software and a | ocal area network 17 are used to noni t or
the progress of rendering in the three systens. Once all 5 systens have
conpl eted their rendering tasks, the buffer swtching operation is
triggered via the local area network. This facility sol ves one aspect
of the synchronization problem Another problem exists resulting from
the fact that the timng references (clddks) for the three RAMDACs are
i ndependent of one another. Al though 10 the trigger for the buffer
smﬁtfhing oper aipwevemn the aapgeifics of thecHANYe¥ tAIWNLCH Khft BRIl y, the
si mul t aneous _transjti.on of f{he ., three FIELD sjgnal s capnhot

guar ant eedPB¥* thePdifde 2h8d*S pro‘é’i‘jreé{]fcf’r §7ge pixel %ortE§§hgg %Iﬁgmﬁﬁrm@é{
RAVDACS fesﬂg.efn&'fs%o? 303l P NS ArnPUnBYrsianaidy @2 tRdePRRGANon CT YSt al
controll ed ostillators (not shown in Figure 2)” operating at a single
nom nal frequency, The actual frequenci es produced by these

osci | | at or ¥ided| Timing \Hehiiratar r ange of val ues (tol erance) which

depends on the tol erance of the crystal resonator and | ocal conditions
such as5t enper aThe epxgrentt dnvegtignmtidizest 2 poPIrAREablentppingi pl e and
practice it i5 not possible to guarantee that t

> ,__or. _more,, such '
osci | | at or §eRFFRLOT, ORFFEHAES fﬁ%“§hﬁ§rFFéqﬁéﬁE§' PEHVEQf%ﬂdﬁﬂiﬁériod of
time. For 4, 01 S5 &1 23S MR EniTYC BeP8ELAL A A ghaG@NNeCt €d Not to

vi deo
The timing generator produces signals which are described

below. The timing generator operates in two dimensions,

10 specifically, horizontal, éorresponding to the horizontal scan of
a video display format, and vertical, corresponding to the
vertical scan of a video display format. Events in the horizontal
dimension, such as horizontal synch, are placed on boundaries
defined by the serial clock period. Events in the vertical

15_ dimension, such as vertical sync, are placed on bounaaries defined
by a whole number of horizontal scans in the case of non-
interlaced displays, or by half horizontal scans in the case 6f
interlaced displays. The number of serial clock periods within a
.horizontal scan is variable and the number of horizontal scans

20 within a video frame is variable. The design of the timing
generator provides that when generator outputs are observed at the
outputs of the RAMDAC, they are correctly placed relative to the
video data being input to the pixel port. For example, if the:,
generator is programmed to assert some event congruent to pixel

25 number p, then it will be seen, at the RAMDAC output, to occur at
a position corresponding to pixel number p. The timing generator

incorporates a rudimentary frame synchronization feature as



di splays but to three counter circuits used by three watches. If 25 all
three systens were to be turned on at the sane instant and the

cl ocks-conpared after a few hours of operation, the indicated times
woul d be different and the differences would grow over tine.

10 The sane phenomenon will occur in the above-described hypotheti cal
system shown in Figure 2. Gven sufficient tinme, the three systens
will enter the video vertical blanking ih#erval, as i ndi cated by the
FI ELD signal, at different times. Should this 5 occur in nonoscopic

syst ens, t hdestisihgot befowi | Fired Lyet kbeabiming generatereimaiacesyaterrs
the effect wil] be dramatic since left and ght eye views will not be
coherent ackifdig GENERPERT sGULEPE. register ha"’I"-I‘i‘@ §8PE¥‘P rFepﬁltﬁFled'eHlBy the
pr esent mv(gzenél does ot seek hronl“rz{e t he three osc

Rat her, it syncrh NrZe¥ lci}b esﬁfjémp?‘%dg%b it AE™ ARG §8 S F% or

circuits OfRéé'iester ~ HRI&R. R%%C%eﬁ‘i‘@téf' A & a8l erehcefh W ithen to under
oscillators).” This approach exploits the fact that differences

bet ween st hecont rolooE hbat ocsu W2 Ithbeugnailhe idPUTRP@TUr 8Ad CitferfatRBllbgic

I nterval of
which are coupled to multiplexed data/address bus D[07:00].

Bit | Field 'R/W | Resct | Description
Value
0 Vidco Enable R/W |0 Upon reset or writing a zero to this bit causes the DAC
(0) Disabled outputs to be blanked. Any signature acquired during video
(1) Enabled disable state will have pixel data set to be zero.,
1 Timing Generator Enable {R/W |0 Wriling a one o this bit causes the timing gencrator to
(0) Disabled ' restart at the beginning of the upper left comer of an even
(1) Enabled frame. This change is effective at the next rising edge of the
intemal timing generator clock. Upon reset or writing a zero
causes both horizontal and vertical counters to be disabled
2 Horizontal Sync Disable [R/W {0 Upon reset or writing a zero causes the signals HSYNC* and
(0) HSYNC Enabled CSYNC* to be enabled. Writing a zero disables the
{1) HSYNC Disabled horizontal component of both signals
3 Vertical Sync Disable R/W {0 Upon reset or writing a zero causes the sigrals VSYNC* and
{0) VSYNC Enabled CSYNC* to be enabled. Writing a zero disables the vertical
{1) VSYNC Disabled component of both signals
4 Equalization Disable R/W |O Equalization pulses happen if the chip is in interlaced mode
(0) Equalize Enabled and this bit is set to zero. Otherwise CSYNC should look
{1) Equalize Disabled like the non-interlaced case: horizontal syncs occur on
CSYNC except during vertical sync; during vertical sync
CSYNC has serration pulses.
5 Master Mode R/W |0 This bit controls the dircction of the FIELD [/O sxgnal
(0) Slave When this bit is a logical zero, the RAMDAC uses the
(1) Master externally-provided FIELD signal to start at the top of a new
frame.
6 Interlaced Mode R/W {0 This field selects the mode of operation of the timing
{0) Non-Interiaced Mode generator. A logical one causes the timing generator to
(1) Interlaced Mode - operate in interlaced mode.
7 Reserved

Table 2. Timing Generator Control Register
10 The timing generator enables video frame synchronization"-of
several displays. The timing generator is capable of operating
either as a master or a slave as specified by bit 5 of the timing

generator control register.



time. The period between successive FIELD signals is such a short 15
interval (the period varies as a function of the particular video

format, it is a maximumof 20 mlliseconds and a m ni mum of about 13
mlliseconds for the video formats supported in a typical .

I npl ementation). In the illustrated hypothetical arrangenent, system 1
Is progranmed to act as the master and systens 2 and 3 20 are programred
to act as slaves. As the arrowheads in t#%e illustration indicate, the

master systememts the FlIELD signal and the slave systens receive it.
Thus, system 1 b&®SRe§henkiming %ﬁﬁ%§§§°6f1§rﬂ?ﬁﬁéﬁ?Pcéﬁ ? feafhed, PRI RELD
ref erence ary

e stere 0 0 ollin f,or
stereoscoplcqgfg &Q a? outpﬁ%l ?%vgggr%spéﬁﬁlgglghgué%%%¥vggzﬁgﬁﬁkfg|ﬁ%al
by r esedyiig 3t heTi?in'r’Il} Qje?xe(rﬁﬁbkzgﬂéﬁél Mc‘f%i:i&ﬁ' ” ddél%ﬂﬁ' OnS) whi ch
produce the video t|n1ng st gnal s such as horizontal synch

vertical synch, @bénbtRskti@ing Reneeaebrsisitapdratedf aseal $Davee the FIELD
identical to the state which exists in the master RAMDAC at the time
when it &mi tsignad fisaasiinput iwhichesfr#® i gedl thehsrizontal and vertical

elements of the generator so that they correspond to the start of
vertical synch. Timing generators operated in the slave mode will
not drive the FIELD signal. A further description of slave mode
operation is described below.
10 System Reset
When asserted, the system reset signai, RS*, causes three
effects as follows.
Video Enable (bit 0 of the timing generator control register)
is forced to the disabled state by the assertion of system.re§et.
15 This condition persists after the negation of system reset and
stays in the diSabled state until it is overwritten via the CPU
port. Video Enable, when in the disabled state (i.e., reset),
asserts composite blanking within the RAMDAC so that the vided
monitor remains black while the timing generator is being
20 programmed to prevent random patterns or flashing from appearing
on the display during, for example, a system boot when
configuration and control data are being loaded into the timing.
generator.
When asserted, system reset forces the timing generatognto
25 assume a known state as follows. Timing Generator Enable (bit 1 of
the timing generator control register) is forced to the disabled

state by the assertion of system reset. This condition persists



achieving the required synchronization. If the three systens are 5
observed, it would be discovered that vertical blanking (or start of
frame) occurs nearly simnultaneously. The differences in the times at
whi ch these events occur are caused by delays incurred in t he

I nterconnecting cables and in the nonment at which the counters are
actually reset. These differences are verg small (on the 10 order of

m croseconds) and cannot be perceived by the viewer. The pr esent
invention | agseknNthdisediiitod ol spshé i@ tSvRahs0ayZatd @he disaBhédi&Eate
circuit elenments utilized. Figure 3 which the conponents of a
RAMDAC 21 whinthlcén be overwnitibnzeda tithd @plUeRent - t Hize prevese iaveothold
The RAMDAC includes 15 several functional blocks as follows: CPU port,
interface Iéﬁﬁctlmlng Qﬁﬂﬂﬁ§§§rpéﬂnﬁek%P%ﬂuftééﬁaWFéb?s%?ﬂ%? @flnﬁlRéngﬁwwed

| 33 hadow
P res U so bk CeRra, BAbt8, ~EE Shg FR R4 81 8 ST O N SRR T S e
sel ecti 08 3ZcnEH’ SGipd Aits ' LAk Z4d QD d%%mqoeh&ﬂrpé@dfa%lnert 20 41,

di agnostic registers and control |ogic 43, digital-anal converters
(DAC) 45a-45c andhé&hlasiaradedsyslyBeanzessetpicarisee! ORE tlmmgzllg\eméeataﬁdwnwo
timng generator 49. The invention lies mainly in an inplenentation of

the vi deo tiimi bhe gehaventmmdecoRpenBRELDfsignal Pl ptacek igy @t héghz dnpeqanas

clock divider and video timng 25 generator 49 whjich generates a FlI ELD
signal for B‘?@ebv % Hdie timing generator is in the slave mode.

10 The timing generator signals are described in Table 3,

“Timing Generator Signal Description,” below.

Signal Name | Description

CSYNC* 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 are controlled by register programming. Composite Synch is the
video synchronization signal and comprises horizontal and vertical, optionaily serrated, synch
components. For intcrlaced formats, such as NTSC and PAL, thesc components include
horizontal equalization pulses.

STSCAN A pixel port output. External circuitry interprets this signal as “start of each visible horizontal
scan line” and uses it to index the video memory.
FIELD A pixel port bidirectiorial signal. FTIELD 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. In interlaced
formats, FIELD differentiates odd and even fields. In non-interlaced sequential display formats,
FIELD simply indicates the start of the frame. External circuitry uses FIELD to index the video
memory and, to control LCD shutters used in stereographic viewing. FIELD changes state
congruent to vertical synch.

SCen* A pixel port output. Serial Clock enable 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 programmable registers in the horizontal SCen H Negation point, and SCen H Assertion
point. SCen is active on unblanked lines as defined by VBlank Negation point and VBlank
Assertion point.

Table 3. Timing Generator Signal Description
Timi G Displ F :
15 The timing generator is controlled by programming the
appropriate values into the timing generator control registers.
These registers are listed in Table 4, “Configuration Functions,”

below.



RAMDACs as descri bed above to provide synchronization. Therefore, t he

follow ng description will be limted to the video timng

12 generator, with information pertaining to the other conponents of

t he RAMDAC provi ded only as needed for an understandi ng of the pr esent

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

bet ween RAMDACs of different nanufacturers, persons 5 skilled in the

rel evant art will recogni ze these vari ous conmponent s and know how t hey

or their equivalents may be | npl enent ed Frane buffer data is

provi ded to the pixel] ¥deq Fammatfionap! Regster signals such thdt the pixel

inputs are divided ik oy ster abel ' consi st of

four groups per port .} Transparens QvedyyMask Registan group is dividedlinto an upper

byte and a | ower Timnsparenelyerlay GelopeyRegistirs conprises a flotal of 128

pi xel bits cont g i:ﬁ“‘ﬁ !igbﬁﬁpgﬁﬁgqgﬂ};ﬁgm Z Tahle 1 illudtrates these
i . 1NAOwW / ate - agaow

assi gnnents. 15 Color LUT

Timing Generator Control Register

V-blank. Negation Point Register

V-blank. Assertion Point Register

V-sync. Negation Point Register

V-sync. Assertion Point Register

H-semration. Negation Point Register

H-blank. Negation Point Register

H-blank. Assertion Point Register

H-sync. Negation Point Register

H-sync. Assertion Point Register

HSCen, Negation Point Register

HSCen, Assertion Point Register

Equalization Pulse Negation Point Reg.

Equahzation Interval Negation Point Reg.

Equalization Interval Assertion Point Reg.

Vertical Counter (R/O)

Horizontal Counter (R/O)

Device Identification Register

Signature Analysis Register

Momtor Serial Interface DATA Register

Monitor Serial Interface CNTL Register

DAC Control Register

Window Transfer Control Register

Table 4 Configuration Functions
Both interlaced and non-interlaced modes of operation are
suppofted. All horizontal register values are in units of the
serial clock rate. All vertical register values are in units of
5 the horizontal lines. In a typical embodiment, the values to loéd
into the registers one less than the desired count or duration.
The programming of these modes is described in the followiﬁé'

paragraphs.



Pi xel Port G oup Goup 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) 18 [ 15: 8]

PA( 63- 56) 3 [7:0] PA( 55- 48)

[ 15: 8] PA( 47- 40 2 "[17:0]  PA(39-32)
A = - PA( 31- 24)

1

[;%Q%ER(ﬁgpitioﬁA£gS§g§pated sync support f°6 interlaced qﬂgfdofhe

[ 15: 8]

PA(07-00 T ' ] | -

T 00 numag a1so puppor St bepBEEElof e SRt e Fe Ron

buf fer pi xel igtedA deeapPmode dethd @dnpRsBtEesyROris elerlibed ROV fPhorizon¥aly
and is not critical to an understandi ng of the invention. Vi deo
Ti mi ng Génersgrr ol side of Thiee pregddichli ayrntimrenviall, i 2sd asirodihemselriceted
timng - generator, operating froma serial clock, and providing video

sync waveform during vertical sync interval. This is graphically
depicted in Figure 4, “Timing Generation—Non-Interlaced Format”
with reference to the following description.

Horizontal Timing Generation

10 ' For generating the horizontal and serrated sync signals, the
HSAP (horizontal sync assertion point), HSNP (horizontal sync
negation point), and HSERNP (horizontal serration negation point)
registers are programmed with the desired durations, in SC* clock
units (serial clock described below). All the parameters should be

15 programmed as one less than the desired duration.

The operation may be Qescribed as follows: the horizontal
counter begins at a value of zero, with the HSYNC* and SERRATION*
waveforms active (i.e.. low). When the counter reaches the HSNP
value, HSYNC* is deasserted on the next serial clock. The

20 horizontal counter continues counting up until the programmed
HSERNP value is reached, at which point the SERRATION* waveform-is
deasserted onlﬁhe next serial clock. The horizontal counter
continues until the HSAP value is reached, after which the -
horizontal counter will be restarted at zero on the next serial

25 clock. A diagram illustrating the relative register values related
to active screen area is shown in Figure 4, “Timing Generation—

Non-Interlaced Format.” Timing diagrams for the generation of



di splay and video nmenory timng reference signals. The tim ng
gener ator produces signals which are descri bed bel ow. The timng
generator operates in two dinmensions, 10 specifically, horizontal,
corresponding to the horizontal scan of a video display format, and
vertical, corresponding to the vertical scan of a video display
format. Events in the horizontal di mensi on, such as horizontal synch,
are placed on boundaries defined by t%he serial clock period. Events in

the vertical_ 15 dinension, such as,verfical sypg, are placed.on boundaries
defined  COBFOFLHRGTE R TG bR S Secallr LFONHY CABE g Hon.

interl d ¢ gL i zont ' f
ntor| aced GeRpPayEe fnd iiisecIPh AR Pl BRRa ot SN 1 o

hori zontal scan 'rra_evgéhapéﬁ&ﬂd;f_t BBeNBFbEiortfa1N Ol hARM@! s £ANS 1520 Within a
video franme is variable. The design of the timng gener at or "provi des
t hat when geedettivelyustpraisgtarforebsdrNBLRNK* tilseasserteditquuttbeohekhesdANDAC,

they are correctly glaced relative to the video data being input to
the pi xeP p&rPCkFoprfEgBmiPie horizpRbal countefepepghes the iadyraRfegragred

t . t t, t . 2 { it will Db ,. at
The. RAVDAC otk Bhe, HEAP i 2By Bloi hieiHonbppbaio niges - piadfc: 1<
number p. Thechi 000 SR WPltne next GARAT 4832 &HCUTRALARY | LoREaL

synchroni zati1on feature as
counter reaches the value programmed in the HBNP (Horizontal Blank

Negation Point) register.
10' The horizontal timing register wvalues should satisfy the
following relationships:
O<HSNP<HBNP<HBAP<HSAP
Yertical Timing Generation
The VSYNC* vertical timing signal is generated using the
15 wvalues contained in the VSNP (Vertical Sync Negation Point) and
VSAP (Vextical Sync Assertion Point) registers. The VBLANK*
vertical timing signal is generated using the values contained in
the VBAP (Vertical Blank Assertion Point) and VBNP (Vertical Blank
Negation Point) registers. In non-interlaced mode, all vertical
20 timing register intervals are specified in units of horizontal
lines (i.e. the load period * HSAP). The vertical timing counter
_iS-incremented at each horizontal sync assertion time; :
subsequently, the only time that any vertical timing signals may
transition is at HSYNC* assertion. A
25 The vertical timing registers shduld be prpgrammed to satisfy
the following relationship:

0<VSNP<VBNP<VBAP<VSAP



14 described below. Finally, the timng generator incorporates a
timng generator control register having control register bit
definitions which are shown in Table 2, "Timng Generator Control

Regi ster,” below. This register is read fromand witten to under 5

control of host CPU 12 through the CPU port and interface |ogic

whi ch are coupled to nultiplexed data/ adgroess bus DO 07:00]. Bit
Field R'W Reset Description

Val ue 0 Thyi deoprenilit dlanking sign® Ws dgrived by Upegigaddat OBf ing

witing a zero.to this bit causes the DAC (0) Disabled

outputs to BEBNEAKEIER AR S hat ure acquired during video (1)
Enabl ed di sable state will have pixel data set to
be zero. 1 imng Generator Enable RW O Witing a one to
this bit causes the;hiBF18c88HMIRL, OhnliOdue to the nathPe &k S &bmposite
restart at the béginning of the -upper left corner of an even

(1) Enabbed sync and video signals duringriee.eqbailszabsogeand wafrftdehilveyntd

t he next rising edge of the

i nternal tidintgryensr atpring ventspanereazad on helfrhgne quantities.

causes both horizontal and vertical counters to be disabled 2

Hori zontal Sync ' reset or witing a zero causes

VNG T be enaBPSIRSRIC i3yt SEREATIaNS YHter il % sepsratedga she,gpus

CSYNC* to be enablhéad

horizontal GR¥ROBENECLInd¥tihtHrdBekd mode; ekcept YRAELI €Rd H¥MMCDapabl e
RW 0 Upon reset or witing a zero causes the signals VSYNC* and

(0) VSYMC EsHRRAZION* waveforms occur tZi\Fox eabh soabhl kihe Wihei ng a zero
di sabl es the vertical (1) VSYNC Disabled )
conponent ofcomsErRbytipn|ef these signalgdimthengengrariem| @f thercpmpogite
Equal i zati on pul,ses happen_if the chip is in interlaced de

(0) Equal | 28YB4Bi8R0 waveroms Tor Inferagey moge; 17 Sxpiarned, egou. The
Q_-herWl S€ C%%C'ihgﬂbd%é%];oq: wavef rrfls (cilc) n%%uﬁghégd%ﬁ@éa%d line or the
li ke the non-interlaced case: orlzon?a syncs ‘occur on

CSYNC exceptstditel B8 ¥B& tFpfip %ﬁ@aaésl%hé%aaﬁr lgepidrat¥@Cusing only the

CSYNC has serration pul ses. ster Mode RW 0

Thi s bi tScomtontlestshef diliedidmizontal heottte:D HoBevegnaiBLANK* generation is
also a function of the current FIELD and vertical scan line
counter. The relationships between the programmed register values
and the waveforms are shown in Figure 6, “Horizontal Timing
Waveforms—Interlaced Format.” In this figure, for an even field,

20 the value of n would be even, and for an odd field the value of n

would be odd. The truth table for generating the horizontal

blanking signal is shown in Table 5.

Assert HBLANK* on next serial | Deassert HBLANK* on next
. clock when serial clock when
Horizontal and Vertical Horizontal and Vertical
Field Counter = Counter is Counter = Counter is
Even HBAP 0dd HBNP Even
Odd HBAP Even HBNP Odd

Table 5 Horizontal Blank Generation—Interlaced Format




(0) Slave When this bit is a logical zero, the
RAMDAC uses t he (1) Master

external |l y-provided FELD signal to start at the top of a new

frane. 6 I nterl aced Mode RwW 0 This field

sel ects the node of operation of the timng (0) Non-Interl aced
Mode generator. A logical o causes the timng generator to

(1) Interlaced NB%% {cal Timi G 1oBe_rate in interlaced node. 7
Reser ved . Timng CGenerator Contro
Regi ster The regf%t_aéy.es %%'é‘ahEBP' @@fﬂﬂﬂ\l t]-:‘g'ents in J.nter-ﬂ%%eh' Hl) g are

generator enables videdo frane synchronization o several displays.

The timng geeewshpr (VérﬂlﬁﬂﬁmSQanAQ@@ftﬁtdm?m.nt), veNE h@fer@Scalnegher or a
sl ave as specified by bit 5 of the timng generator contral
reglster Negatlon Point), EIAP (Equallzatlon Interval Assg&tlon Point) \When

the timng generator is operated as a master, the FlIELD gnal is an

out put p?od NRg (Fﬂ‘éajpbzrqfddﬁnc IPGﬁEY?brPée‘-lfés‘&“l B@H“‘F’n VBAP 'I‘é(&P”élsal"Eﬂ?ﬁ’hg

Cener at or naI t.ion, n neg at or

i s operated % %P% ﬁ%ﬁ’FFﬁE ggﬁélgvaﬁﬁfa' sBARAP |np qﬁﬁ?ﬁk ggggésé?TFset

the hori Zont\félrtﬁegl Ve{hi |51gnalseh§;9@ﬂk? Srly bRer B NGLALiUa15ohiREr  PEWe

correspond to the start o vertical synch. Timng generators operated

in the slavegvsyde*W EQUALIZATION*); others also depend on the current field
(VBLANK*, FIELD).

10 The vertical counter is incremented at each leading edge of
the internal HSYNC* signal; hence, all vertical timing registers
must be programmed using half-line quantities (e.g. VSAP for NTSC
has 525 half lines. For 525 half lines, VSAP is programmed as
524) . The truth table for generating the vertical blanking signal

15 is shown in Table 6, “Vertical Blank Generation-Interlaced Mode,”

below.
Assert VBLANK* on next HSYNC* Deassert VBLANK* on next
leading edge when HSYNC* leading edge when
Vertical and Vertical © Vertical and Vertical
Field Counter 2 Counter is Counter > Counter is
Even HBAP odd HBNP Even
| Odd HBAP Even HBNP odd

Table 6 Vertical Blank Generation—Interlaced Mode
The vertical timing registers should satisfy the following "
20 relationship: -
0<VSNP<EINP<VBNP<VBAPSEIAPSVSAP
. . s e £
The composition of the composite sync signal during the

various frame intervals is shown in Table 7, “Composite Sync



not drive the FIELD signal. A further description of slave node

operation is described below. 10 Syst em Reset When

asserted, the systemreset signal, RS*, causes three effects as

fol | ows. Vi deo Enable (bit O of the timng generator control

regi ster) Is forced to the disabled state by the assertion of system
reset. 15 This condition persists afteRZ he negation of systemreset and

stays in the disabled state until it is overwitten via the CPU port.

Vi deo Enabl gzeqtheR i bR—ihGediSak edabal e Kdi . T'h‘és?&iatlonshﬁ%sﬁazﬁeen _
conposi te bl anking wi thin the RAMDAC so that the vi d nonitor remnains
bl ack whi | e dHee HSYNTRJag® BRERRATIONS Begngls Z&l_amﬁegrammeb tVBIANE*e N7SYROEpM
patterns or flashing from appearing on the display during, for

exanpl e, a #yst EQUBHOEATHRNT® signadsnihduyertimplagguober roiluts &rgre bei ng

| oaded into the timn enerator \Wen, asserted, system

reset forcesntlﬁ’(?tﬂaﬁ?ag“b 7 rt NI Videq, FdmidEnGun state as fol | ows.

Ti m ng nerator Enable (bit 1 of the tim ng generator control
register) is forcettothedrsabt et T Asserr COTRNCFONNEE P Daatsel CSYNCY o 5axt 1
reset. This condiftion persists serial clock when serial clock when
and and
Field |  DuringInterval HCounter= | VCounteris | HCounter= | VCounter is
Other HSAP Even HSNP Even or Odd
Odd Pre-equalization or Post- | HSAP Evenor Odd | EQNP Even or Odd
equalization '
Vertical Sync HSAP 'Even or Odd | HSERNP Even or Odd
Other HSAP Odd HSNP Even or Odd
Even | Pre-equalization or Post. | HSAP Evenor Odd | EQNP Even or Odd
equalization _ .
Vertical Sync HSAP Even or Odd | HSERNP Even or Odd

Table 7 Composite Sync Generation—Interlaced Format
When HSYNC* and/or VSYNC* is disabled with the controls shown
in Table 2, “Timing Generator Control Register,” the composite
SYNC is as shown in Table 8, “Composite Sync Output when HSYNC* &

10 VSYNC* Enabled/Disabled.”

15

- Mode HSYNC* VSYNC* CSYNC output
Non~interlaced enabled enabled {Normal operation
enabled disabled ] CSYNC* looks like HSYNC* (no
'serrations)
disabled enabled |[CSYNC* looks like VSYNC* (no
serrations)
disabled } disabled J]CSYNC* inactive
Interlaced enabled enabled |Normal operation
enabled disabled |Undefined
disabled | enabled }Undefined
disabled | disabled |CSYNC* inactive
Table 8. Composite Sync Output when HSYNC* & VSYNC*
Qutput. Signals

The RAMDAC provides the following timing generator outputs:

SC*,

SCen¥*,

STSCAN, FIELD,

and CSYNC*.

The composite signal



16 after the negation of systemreset and stays in the disabled

state until it is overwitten via the CPU Port. The purpose is to
hol d the timng generator in a known state while it is being

pr ogr ammed so that random FI ELD, SC and SCen signals are not
presented to 5 other conponents of the system during such progranmm ng.
When asserted, systemreset causes the timng generator to be in the
sl ave node. The FIELD signal is placed i high inmpedance node when
the tim ng generator |s in the slave node. Ti m ng Cener at or

Signals 10 he timn nera or nal s, are described in
Table 3, wavefw%ﬁﬁ@s E5RIIPBLY SeReH &#%ﬁawng B& blie CSYNCH

Si gnal Name ﬁe W d10§1 con31stg§t¥'\lgth the ange (}%u%}é@l%g Thi's signal

is conveyed to t eo nonitor as di screet

optionally, it igrpgdeshitghit he G een channel DAC |n t he usual manner. The
"synch on green" and ot her conposite synch options are
control | ed by reghet EIERD oxjigmati, nghefoimposadterSnnda, itransditions with the

vi deo synchroni zation signal and conprises horizontal and vertical,

opti onal Py §§?ﬁé§§dﬁdﬁ%ﬁéhthe internal VSYNC*; aé@hﬁbﬁﬁﬁﬂyr Foe leired limed
formats, such gs. NTS AL, these nts.ing

hori zont al 8&8 IFQaYéiﬁ? GS? urrent é%éggéﬁ% in 1"99%1?%&9 ﬂB?? Hrpral
External cinguhtLYeddl efll%rl%t Slbgiéaf'%l 3 3 '$1814) OfinPARR-YhSiPl feed

hori zont al uses 1t to i ndex the video

menory. modElE££hns1tlonalAeagé§|oiKHHiémsdghamtwaEﬂsﬁiugnabeuf”ﬁaéilﬁhean
i nput when the synch generator Is operated in the sl ave

node; it isleadingpedgeveh eveeygesmMCh orhawevepethe eltkvel pifieth@sFEELODde. | n
interlaced | . formats, FIELD differentiates odd and even
fields.10n séanphtlas neaeaddnant earexnaldivayits BryEPe used to differentiate

FI ELD sinpl i ndi c t he sta t of the frane. Ext rn I C|rCU|try uses
FIELD to in gLkw ?‘ﬁ’éaiﬁ%e@nd right views' of Stﬁﬁﬁﬁr‘sl Y-to control LCD

shutters used i nggtefigQ8ifrap ¢ viewi ng. FIELD changes state

This output is an internally generated signal. This signal
may be used by the memory controller of the host CPU to determine
15 the proper row transfer address timing for the frame buffer serial
port. The STSCAN logic will set the STSCAN at the falling edge of
SCen if the next line is visible and reset the STSCAN at the
rising edge of SCen.
SCen Output
20 The SCen (Serial clock enable) output is used for enabling
the clocking of the serial data from the frame buffer memories.
The assertion of SCen is controlled by programming the timing
generator registers VBNP, VBAP, HSCenAP (Horizontal Serial Clock
Enable Assertion Point), and HSCenNP (Horizontal Serial Clock

25 Enable Negation Point).



congruent to vertical synch. SCen* A pi xel port output.

Serial Clock enable is used by external circuitry to regulate the
extraction of data fromthe serial port of the video
menory. Assertion and negation of this signal are controlled

by progranmmabl e registers in the horizontal SCen H Negation point, and SCen
H Assertion point. S@4n is active on unbl anked |ines as
defined by VBl ank Negation point and VBl ank Assertion

poi nt . f%ﬁX%—MQ%E—QEEEAE“%% Ti ming Generator Signal Description
Ti m ng Cenerat or splay Formats The tim ng generator is

conttroll ed by progiedminedtli€ng generay @Phtabe ¥aditer AEOptH@rdnmEdI¢o

generator control registers. These registers are listed I1n Table 4,
"Confi gur at i shaveimsideonshe timing deglexwtor accepts the FIELD signal as an
17 Vi deo Format Control Register " PLL

Control Regi s8R}t~ In this mode, a TeARSIAieRt OCHTTINE W&skhﬁégﬂ%RQ%.Will
2D S SAEEL DRI E e e resss, A e MBSO LT Dute -
Vobl ank. NeghfF PR YRE P SR HOLnSRAAAG IR Srertaces meser
Regi st er the level thatVtE¥¢NEIEMEGAlGnAN Papet dRGisStebns to will
V-sync. Assertion Point Register H-serration. Negation
Poi nt Regi st@determine which fieldd-id ankrreNegdiien #Pdiigh-Reglew erransition
H bl ank. Assertion Point Register
causes the timing generator to start at the top of an even field
10 on the next HSYNC* leading edge). Since the horizontal counters
are not reset, eventually the clock drift will cause vertical sync
for the slave to be one line longer, or the blanked front porch to
be one line shorter.
Figure 8 is a block overview diagram showing the signals
15 input to and output from the video timiné generator 50 of the
present invention. The signals shown correspond to the signals
with the same names described above with reference to Figure 3,
excepting that Register Address is an address placed on D[07:00]
and multiplexed with data placed on D[07:00], The video clock
20 signal and the serial clock signal are produced by the PLL clock
synthesizer and pixel clock divider components of digital—-analog
converters (DAC) 45a-45c and PLL clock synthesizer, pixel clock
divider and video timing generator 49 shown in Figure 3 from a
crystal oscillator input in a manner well known to those skilled
25 in the art. The serial clock signal (SC*) is generated for the

external clocking of the VRAM frame buffer and for the internal

clocking of the video timing generator.



H sync. Negation Point Register H sync. Assertion Point

Regi st er HSCen, Negation Point Regi ster

HSCen, Assertion Point Register Equal i zati on Pul se Negati on
Poi nt Reg. Equal i zation I nterval Negation Point Reg.

Equal i zation Interval Assertion Point Reg. Vertical Counter
(RO Hori zontal Countero§R O Devi ce

I dentification Register Si gnature Anal ysi s Regi ster

Moni tor Serial |nggnfac® BAPAFEH I 8hterfaces connectindPRBhEOLi&ES i Bming

I nterface CNTL Register DAC Control Register

W ndow Tr ans§etiezordr ¢l0, RepesSvRaAM frame buffer 15a-15d and rendebimy 4
‘Configuration Functions Both interlaced and non-interl aced nodes

of oper ati onc@pleroller ddppofhedeurndsenhefi tbhs cdiga@mstier toafhew akl afthe

units of the serial clock rate. ,All _vertical register values are i,n
units of 5 pa’f%‘-'ﬂ'?ﬁﬁ%“z ¥t 5Pe | FIRIL signgleypiRgyc© GRBnEC the TAfdREdng,

| oad 5| “EQnE%kf‘u{% 53t PE8viicy ltes%x})?%%attpﬁw ?cﬁié P%‘}tCQHH;r%hP%ﬁ Aleo

‘The programmi ng ese 'S desC "fow n
paragraphs. data are obtained from the frame buffer. In the #8ndering

Non- I nterl aced Mode
controller, the FIELD signal functions as a portion of the address
which is passed to the frame buffer for copying video data from
the its main memory into its serial shift registers. Video data
10 are clocked out of these shift registers by the action of the
serial clock, SC*, and the serial clock enable, SCen*, signals.

When stereoscopic mode is active, the frame buffer memory is
horganized such that a single bit of address is sufficient to
differentiate between memory locations containing left eye video

15 data and those containing right eye video data.

Figure 9 is a detailed block diagram showing the various
functional blocks used to implement a video timing generator
according to the present invention. The functional blocks are
registers 51, horizontal and verticai counters 53, field generator

20 55, equality comparators 57 and event registers 59. Again, the
signals shown correspond to the signals with the same names
described above with reference to Figure 3. Horizontal radix and
vertical radix are set to the number of pixels on each scan line
and the number of scan lines respectively for the wvideo diéﬁlay

25 connected to the RAMDAC. Vertical count is the current scan line
and horizontal count is the current pixel on the current scan

line. Event assertion and negation points are the values stored



In addition to serrated sync support for interlaced node, the RANVDAC
al so supports the generation of serrated sync for non- i nterl aced
node. The conposite sync is derived by using horizontal 5 sync outside of
the vertical sync interval, and using the serrated sync wavef orm
during vertical sync interval. This is graphically depicted in Figure
4, "Tinming Generation-Non-Interlaced For#ét" with reference to the
foll owi ng description. Hori zontal Timng Generation 10 For
gener ati ng therbgiszens a81 axd shewnaiedraplec 3segdabse ldeled by EBéPhost
(horizontal sync assertion point), HSNP (horizontal sync negation

poi nt), and CRSERNPI¢abity samparabpratd bratitegacrbnoborifiparators, uhicRers are
programed with the desired durations, in SC* clock units (serial

cl ock descriOER2KE| BAF .h%ﬂzWégpa?ﬁr?é?%%SﬁFﬂtﬁeto fheds, 5§P§ﬁﬁé3dv%s one
| ess than'th Sj urat i . P ' TRy, dgsce i as
fol | ows: thggﬁg?‘i"zég‘g%?' thie %c%gﬁﬁ ré%a eagrfdn-sgégf 9gg\i/g‘%dfj&e}{}:of ngge \?\Aﬁt?}i?ﬁ%

HSYNC* apd SEBRRTLEMRdaries Watgf ﬁfgﬁa@féﬂ\fﬁ elquilitPWdompdreit oiresgount er
reaches the HSNP val ue, HSYNC* is deasserted on the next serial clock.

The 20 hopirodotak aounitgrutc ehichuesggimata cgruesponding Hd ipr-§deansipewn
HSERNP val ue i's reached, at which point the SERRATI ON* waveform.is
deasserted d# Fhgunex? avrgvantcreghster Hori ZBRt AFtRGHF the T1iBRTIfRRS

until the H%égd\é?:leughciascéﬁ\?cc*heg'rs%,e rS eri*cgntdhce:omposite blanking signals.
Referring to Figure 10, field generator 55 generates the
10 FIELD signal as follows. Equality comparator 61 (Ml) receives the
output of the vertical counter, V COUNT and the vertical radig, v
RADIX. The former changes continuously, while the latter is a
static value contained in a programmable register. The output of
Ml is asserted when the two input values are equal in magnitude.
15 V COUNT represents the number of the video line currently being
processed. Consequently, the output of M1l will remain asserted for
a period of time equal to that of one video scan line. It is
necessary to process the output of M1 so that the resulting signal
is referenced to the leading edge of M1 output assertion and is
20 one video clock period in duration and is insensitive to the
| negation of the Ml output. If this is not done, then flip-flop 63
(M5) will toggle as long as its clock enable input is asserted.’
The circuit comprised of flip-flop 65 (M2), flip-flop 67 (M3) and
AND gate 69 (M4) operate as an edge discriminator which performs
25 the task.
The output of the edge discriminator (M4) is the clock enable

input of flip-flop M5, whose output will toggle while clock enable



hori zontal counter will be restarted at zero on the next seri al 25 cl ock.

A diagramillustrating the relative register values rel ated to active
screen area is shown in Figure 4, "Timng Generation- Non-Interl aced
Format." Tim ng diagrans for the generation of

19 conposite sync are shown in Figuse 5, "Horizontal Timng and
Conposite Sync Generation-Non-Interlaced Format." The generation
of the horizontal blanking signal is relatively

st rai ght f or Warals$dBitANK* Becassertlssl dpdkhenabke skgriadl is Bade oek beafanger t he
hori zontal counter reaches the val ue programed i n the HBAP

(Hor i zont al cBPEiPEESSEr dPoAuPet iRy, i SUEPUL HBE NIAR-E1oP M5t Wbl FRANGE: t ed
VAl Ue- pr ogr SHAEE 976% RELERERE LT Shnt A IBrkARS O ivRogd: (8 PorRgLe
(5SS o goppoclh PISEEPLLS ) W) SSOLEL SR Isehtl e <1
5 selected, drives the FIELD signal.

' Note that the output of the edge discriminator M4 is also
connected to the A input of the multiplexor 73 (M1l). When the
master mode is selected, the multiplexor passes the output of the
edge discriminator. The resulting signal is called FIELD RESET.

10 It is used to reset the horizontal and vertical counters of the
video timing generator.

If the circuit is operated in the slave mode, tri-state
driver M6 enters the high impedance state and no longer drives the
signal FIELD. Instead, the FIELD signal becomes an input to the

15 field generator 55. The selection of the slave mode also causes
the B input of multiplexor M1l to selected (in the master mode,
the action of flip-flops M7, M8, M9 and gate M10 is of no
importance).

The (now) externally supplied FIELD signal is referenced to a

20 clock (in another system) which operates at the same nominal
frequency as the local clock. However, the phase relationships of
the local clock to the external clock and the signals derived from
these clocks can only be defined as variable. Therefore, it is
neéessary to guard against metastability. Flip-flops 75 and.77

25 (M7 and M8) are hardened against metastability and are used to

synchronize the externally supplied FIELD signal to the local



Vertical Timng Generation The VSYNC* vertical timng signal is
generated using the 15 values contained in the VSNP (Vertical Sync

Negat i on Poi nt) and VSAP (Vertical Sync Assertion Point) registers.
The VBLANK* vertical timng signal is generated using the val ues
contained in the VBAP (Vertical Blanjg Assertion Point) and VBNP
(Vertical Blank Negation Point) registers. In non-interlaced node, al

vertical 20  timng register . intervals are specified in units_ of

hori zontal ©10k| fsieh fargdengfel HiRdf 1ARS e« o)Ly fRUNFe!R i RAC tGeilng
counter 115? Lnerenented at each horizontal sync assertion tine;
subsequent | y, fie oHry time that any vertical timng signals may

transition is atphSYNELRSIGhk0Ds a%&ﬁ,are wav8eusdd i;ﬁahtgi&nﬂra{@ﬁﬂﬁt&rls

shoul d be progranmed to satisfy the follow ng relationship: .
O<VSNP<VBNPa¥BAEsn\gAlént to vertical synch. Each transition point, 20
The conposite bl anking signal is derived by logically ORing HBL ANK*

with VBLANKtherefore, corresponds to the point in time where V COUNT is equal
to V RADIX. 1In order to reset the vertical and horizontal
couhters correctly, it is necessary to detect these transitions.
Flip-flop 79 (M9) and XOR gate 81 (M10) form a transition detector
which is insensitive to the direction of the transition producing
10 an output pulse with a duration of one video clock period. Since
slave mode has been selected, multiplexor M1l passes the output of
gate M10 and drives the FIELD RESET signal.
Further details concerning the operation of equality
comparators 57 are described with reference to Figure 11. Figure
15 11 represents the comparisons performed to generate a particular
timing signal of the video timing generator. Counter 53a is loaded
with the radix of the timing signal. Counter 53a increments each
video clock and the count is provided to comparators 57a and 57b.
The comparators 57a and 57b compare the current count with the
20 assertion point value and negation point value previously loaded
in registers 5la and 51b respectively. The comparators toggle
event register 59a, which is a JK flip-flop, based on the
comparison results, and the output of the flip-flop provides the
particular timing signal. '
25 Figure 12 shows the timing of the signals produced within

field generator 55 for master mode timing. Figure 13 shows the



I nterl aced Mode In interlaced node, and due to the nature of the
conposite 5 sync and video signals during the equalization and verti cal
sync intervals, timng events are based on half-line quantities.

Hori zontal Timng Ceneration The HSYNC* and SERRATI ON* wavef or s
are generated in the sane formas for non-interlaced node; except that
the HSYNC* and 10 SERRATI ON* wavefornms occur tw ce for each scan |ine.
The contribution of these signals t8%the generation of the conposite
sync/vi deo waveforns for interlaced node is explained bel ow. The

HSYNC* and SERRAG O tMevEeigidls geotatedepianidrofisddng¢nerater Sgefor slave
state of the FIELD signal; they are generated using only the 15 contents

of the hori zentealtimdngt er .. However, HBLANK* generation is al so a
function of the current FIELD and vertical scan |ine counter. The

rel ati onshi ps between the programred register val ues and t he wavef or ns
are shown ‘in Figure 6, "Horizontal Timng Wavef orns- 1 nterl aced
Format." In this figure, for an even field, 20 the value of n would be
even, and for an odd field the value of n woul d be odd. The truth
table for generating the horizontal bl anki ng signal is shown in Table
5. * Assert HBLANK* on next seri al Deassert HBLANK* on next

cl ock when serial clock when Hori zont al and
Verti cal Hori zont al and Verti cal Field Counter = Count er

is Count er Counter is



Even HBAP Qadd HBNP Even Qadd
HBAP Even HBNP add Table 5

Hori zontal Bl ank Generation-Interlaced Fornmat T e
21 Vertical Timng Generation _ 5, The regl
vertical events in interlaced node are ‘the VSAP (\Vert nm'LE“ ""m,“",

Assertion Point), VSNP (Vertical Sync Negati on Point),

(Equal i zat pegazMat er val Assertion Point), 5 EINP (Equalization Interva
Negation Point), VBAP (Vertical Bl ank Assertion Point), and VBNP
(Vertical Blank Negation Point). Sone vertical timng signals depend
only on the verWec&ladount er val ue (VSYNC*, EQUALI ZATI ON*); others

Vertical counter i s bhcabpsndts ror SHAMEn DY, veiticar, pldBkine

HSYNC* si gfdgnajerfer eaprhyeft i 2aPlurailigyr «of sipfependengysirame pbuffersed

usi ng halfcbmpglgg@ tities (e.g. VSAP for NTSC has 525 half |ines. For
525 hal f |ines, rogr amed as The, truth table for
generating the 9ePfVﬁﬁi gYa‘%(WDéﬁaFacESmF LYURMING ForapFerresrording,)

Bl ank Generendemihgt eohtredlbdbdand a display monitor, wherein one of said
plurality of RAMDACs operates as a master and each of the other
of said plurality of RAMDACs operates as a slave, each of said
-RAMDACs including logic which generates a vertical blanking
signal, each of said slave RAMDACs including reset logic which
generates a signal which resets said vertical blanking signal
logic;

wherein said RAMDAC operating as a master further comprises
a field signal generator which generates a field signal which is
provided to each of said plurality RAMDACs operating as a slave,
and each of said slave RAMDACs upon receipt of said field signal
operates said reset logic to thereby synchronize the wvideo
signals provided to corresponding display monitors.

2. The apparatus defined by Claim 1 wherein said logic
which generates said vertical blanking signal comprises:

a vertical counter which is incremented at each leading edge
of an internal HSYNC* signal.

3. The apparatus defined by Claim 2 wherein:

said vertical blanking signal is asserted during an even
field when the vertical counter is an odd number greater than or
equal to a value stored in a horizontal blank assertion point
register and during an odd field when the vertical counter is an
even number greater than or equal to a value stored in the
horizontal blank assertion point register; and

said vertical blanking signal is deasserted during an even
field when the vertical counter is an even number greater than
a value stored in a horizontal blank negation point register and
during an odd field when the vertical counter is an odd number

B R H A 1 R R R B A R NN RN ARTI R RN A A B S S S NI :



bel ow. Assert VBLANK* on next HSYNC* Deassert VBLANK* on

next | eadi ng edge when HSYNC* | eadi ng edge when
Verti cal and Verti cal Verti cal and Vertical " Field—-————-
Counter [err] Counter is Counter > Count en _
rBAP e o =505 een "ol I IARNLIN
Even HBNP Qdd . Tabl e 6 Vet ¢al v Bl'm *
Generation-Interlaced Mde The vertical timngregisters should

satisfy the following 20 relationship:
0<VSNP<EI|g#ea/BdP<VBAR| er rT&luwe’ stoi®¥8ARN the horifonpali bdaBknmésgaeiani on

The conpgsyihen.&f1 @gﬁponposite sync signal during the various frane
intervalgﬁ?s sho lén able 7, "Conposite Sync
22 Generation-Interlaced Format," below. The rel ati onshi ps between

the HSYNC* andq SERRATé Chpsai-ataks dedlidicddy &y Ociden VBLANKTei¥S¥YYdd resetand
EQUALI ZATiO\I:* sighal s and verti c,@‘l_'l Qu%t er val ues ar,g i ustiat ed in
Figure 7 o$ﬂ%¥9&k?ﬁ&§eﬁlﬂlﬁincul which recelves said field signal as an

input and processes said received field signal to generate a
field reset signal.

5. The apparatus defined by Claim 2 wherein said reset
logic circuit comprises:

a) - a first flip-flop which receives said field signal as
an input;

b) a second flip-flop coupled to an output of said first
flip-flop;

c) a third flip-flop coupled to an output of said second
flip~flop;

d) an XOR gate coupled to an output of said third flip-
flop; _

e) a multiplexor having one input coupled to an output of
said XOR gate and a second input coupled to an output of an edge
discriminator.

6. The apparatus defined by Claim 1 wherein said field
signal generator comprises:

a) a comparator;

b) a first flip-flop coupled to an output of said
comparator; o

c) a second flip~-flop coupled to an output of said first
flip-flop; .

d) an AND gate coupled to an output of said second fiip-
flop; '

e) a third flip-flop coupled to an output of said AND
gate; ‘

£) a tri-state driver coupled to an output of said third
flip-flop.



Assert CSYNC* on next Deassert CSYNC* on next
seri al clock when serial clock when

?gd HCount er = VOouﬁ'[]gr S Fleld gleePg nterval HCOUHJM,H”,IMHMH I"’

HSNP Even or Odd Cdd  Pre-equat?zation or Post- HSAP Even or
Qdd EQNP Even or equal i zation Vertical Sync

Egﬁg Even7or %ngaatugvﬁéﬂrnegj%& é:lalm é, fqg‘:gi;er comprising:

e-equal 1 zat1on or

Post- HSAP E@én o iRt EoRPregipfersoringluding a VSAR,AVerhicah Sync

Vertical asaertion HaARt) regE&ﬁarQFa%ﬁs(Eﬁiﬁlcﬂ/@yrﬁ N@é‘étlon Point)

Table 7 Co te S t I | d
Tobl e 7\ YRS, Yoy S e Ber ppsmptahie RO

Gener at or regiistelr, RegirsteB:IN'Pt heEquabbzation IntaCals Negakdwn i rPo‘liaitl)e

Nbde T TepiatErs ' YEfR AVRRCII B 1dn deskEkibn BAIRCT e daIateEy ana
enabl ed ac¥ENPedVenddeal &lank Negation POlnt) registersnabl ed di sabl ed

CSYNC* | ooks | ifye HphGzdrital andseiéﬂié&@)counters coupled to sdigRkiad
enabl ed CSYNC* | ooks |ike VS Y O

serrati on®f registers and said |se1(gnaa1 SANSTRTEEINC: i nacti ve
I nterl aced c)enalaqmilltqma&rbxﬁphratnsrml coppledli @® said horizontal and

enabl ed fined . j sabl . af £ ndef i ned
di sabl ed qﬁ%gﬁ%gd%% nac sald seq! OGP) reé%lfq%%@' dcm(‘,iéjrrpom te Sync
Qut put when HS@NC* &v@m@eglsters couptedit tSi gadfisequality compa

provi des the 1Qlil0Wdt0 df Py 4y .at or out puts 15 SC+, SCen*, STSCAN,
Fl ELD, an%‘ CSYNC*. The corrpéca)‘gl te signal

8. The apparatus defined by Claim 7 wherein said set of
registers further comprises a HSNP (Horizontal Sync Negation
Point) register, a HBNP (Horizontal Blank Negation Point)
register, a HBAP (Horizontal Blank Assertion Point) register, and
a HSAP (Horizontal Sync Assertion Point) register containing.
values having the relationship O0<HSNP<HBNP<HBAP<HSAP. '

9. The apparatus defined by Claim 7 wherein the VSNP,
EINP, VBNP, VBAP, EIAP and VSAP registers contain values having
the relationship 0<VSNP<EINP<VBNP<VBAP<EIAP<VSAP.

10. A method for synchronizing a vertical blanking signal
for each of a plurality of independent frame buffers comprising
the steps of:

a) designating one of a plurality of RAMDACs, each for
coupling to a corresponding rendering controller and a display
monitor, as a master and designating each of the other of “said
plurality of RAMDACs as a slave; .

b) generating a vertical blanking signal for each of said
plurality of independent frame buffers; ‘

c) synchronizing the video signals providing to the
display monitor coupled to each of said plurality of RAMDACs by
generating a field signal which is provided to each of said



23 waveformis as previously described; the timng at t-he CSYNC: __

output pin is consistent with the anal og DAC out puts. ' | ELD o
Qut put The FIELD signal, when in naster node, tranimu@ml"mm’””,”
t he 5 l'eading edge of the internal VSYNS*. additionally, the "

used to output the current field when in Interlaced node (I ogical zéro*

= even field, logical one = odd field). In non-interl aced node,

transiti opauredgas, ®WaMDics JpEtalt iMd lasStd Id1R4CUIsaiRRIs IR RaMDA@RAigth
of the FIELD 10 si nal has po

edge of every VQYNC*, however. {he | evel

meani ng; é:)?t%erlt?% Igistalﬁ;ﬁffll?el SV ik G resetyd Y84 oW
ri ght vi egensiratisierde diegiianal blanking sSkSEAN Qut put Thi s
output is an internally generated signal. This signal may be used by

the menory controller of the host CPU to determine 15 the proper row
transfer addreds - ti Mhy ehadhdefingd by f €1ainr 18| whereiposaidrierdhisaiN

| ogi ¢ W | Iblseikitte sTb¥AN qindrit i) |dtud slifprfses the@¥ep foghe next |ine
is visible and .reset the SCAN %} th .
incrementing a vertical counter at each leading edge of an

internal HSYNC* signal.

12. The method defined by Claim 11 wherein:

said vertical blanking signal is asserted during an even
field when the vertical counter is an odd number greater than or
equal to a value stored in a horizontal blank assertion point
register and during an odd field when the vertical counter is an
even number greater than or equal to a value stored in the
horizontal blank assertion point register; and

sald vertical blanking signal is deasserted during an even
field when the vertical counter is an even number greater than
a value stored in a horizontal blank negation point register and
during an odd field when the vertical counter is an odd number
greater than a value stored in the horizontal blank negation
point register.

13. The method defined by Claim 10 wherein said operating
to reset logic step comprises the steps of:

a) receiving said field signal as an input; and

b) processing said received field signal to generate a
field reset signal.



ri sing edge of SCen. SCen Qut put 20 The SCen (Serial clock

enabl e) output is used for enabling the clocking of the serial data
fromthe franme buffer nenories. The assertion of SCen is controlled by
progranmm ng the timng generator registers VBNP, VBAP, HSCenAP
(Horizontal Serial d ock Enabl e _Asgertion P0|nt) and HSCenNP
(Hori zontal Serial Cock 25 Enable Negatlon Poi nt) .
24 BSTﬁi@¥ §b3585¥5§&§ on | When the timng generator
control regrster 15 programed LO sl ave node, the timng generator
accepts the FIELD signal as an input. In this node, a transition

. occurring on th'%IE%DUbYﬁbthNIEAﬁibﬁeo%h&NﬂﬁﬂﬁN§%h' @ﬁﬂﬂﬁ'ﬂﬁ%ﬂﬁthBGt at
t he subsequent hori zontal sync occurrence. If the RAMDACis in
i nterlaced node, the level that the FIELD signal input transitions to
will Nehethodeanli apphiratdsi focumymrhridniezimy High-vertiral riabsnking

of multiple frame buffers which may exist on the same computer
or separate computers for certain applications including stereo
display, virtual reality and video recording, which require such
synchronization. To obtain the required synchronization one
frame buffer is designation as the master. It provides a signal
called FIELD that changes state (0 to 1 or 1 to 0) at the start
of every vertical sync event on the master frame buffer. All
other frame buffers are set to be slaves. Their timing
generators sample the master’s FIELD signal. When they detect
the master’s FIELD signal changing state, they set their own
internal +timing to match to thereby achieve frame
synchronization.

(Figure 2)



causes the timng generator to start at the top of an even field 10 on

the next HSYNC* | eading edge). Since the horizontal counters are not
reset, eventually the clock drift will cause vertical sync for the
slave to be one line longer, or the blanked front porch to be one |ine
shorter. Figure 8 is a block pygesview di agram showi ng the signals
15 input to and output fromthe video—tTmng generator 50 of the

present invention. The signals shown} e
t he sane names described above with
that Regi ster Address is an address
with data placed on D 07:00], Thg~~
cl ock signal are produced by thé“PL
di vi der conponents of digital-anal og
cl ock synthesizer, pixel clock

pohd to the signals with

¢l to Figure 3, = excepting

] -arf mul tipl exed
ghal—and cbhe seri al
sizer gmsl pi xel clock
DA 493z 45¢c and PLL
ng nerator 49

shown in Figure 3.froma crysta or in a nM@ner el
known to those skilled 25 in the art. The serial clock] sidral ) is
generated for the external clocking of the VR e hiffferZ and §or
the internal clocking of the video timng gengrator.
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25 Figure 8 depicts the interfaces connecting the video timng

generator 50, the VRAM frane buffer 15a-15d and rendering controller
14. The purpose of this diagramis to show all of the pat hs taken by
the FIELD signal. The connection to the rendering 5 controller is
provided to explain howthe left and right eye video data are obtai ned
fromthe frame buffer. In the rendering controller, the FIELD signal
functions as a portion of the address which is passed to the frane
buffer for copying video data from 2/R& its main menory into its serial
shift registers. Video data 10 are clocked out of these shift registers
by the action of the serial clock, SC¢*, and the serial clock enable,
SCen*, signals. When stereoscopic node is active, the frane
buffer nenory is organi zed such that a single bit of address is
sufficient to differentiate between nenory | ocations containing |eft
eye video 15 data and those containing right eye video data. =
Figure 9 is a-detailed block di agram show ng the vari ous functio%%l
bl ocks us o inplement a video tim ng generator according to t
present i tion. The functional blocks are regi sters 51, hok z&ht al
and vertical wcounters 53, field generator 20 55, equalit¥3connara}£E§ 57
and event Wi sters 59. Again, the %ygnals shown COh/eSpQﬁd to e
signal s wi Mt he sanp—hanes, ' <
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descri bed above with reference to Figure 3. Horizontal radix and

vertical radix are set to the nunber of pixels on each scan |line and
t he nunber of scan lines respectively for the video display 25 connected
to the RAMDAC. Vertical count is the current scan line and hori zont al
count is the current pixel on the current scan | i ne. Event assertion
and negation points are the val ues stor%g

26 in registers 51 as shown in Tabl ¥§ and are | oaded by the host

CPU. Equality conparators 57 are a set of conparators which conpar e

the horizontal and vertical counts to their respective radi x. val ues.

The horizontal and vertical geig®s change gn video 5 clock fgoundaries. The

operation of equalily conpar 578 ##r oducd®s an output@Mﬂch t oggl es
' sters 59. The

a corresponding fliPcflop sh yn Fi fure 9% as event re
outputs of the flip-tlgpg €, P oducle the |[CSYNCF, STSCAN; and
conposi te bl anki ng}sig sggg | Ng/ Fi gur qg | d
generator 55 generhtes|tHe2®F0 FI K A , | ows. |&
conparator 61 (M)|recgi VESNE 9 ; he vergida er, V
COUNT and the vertjcal |radix, V Z
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RADI X. The forner changes continuously, while the latter is a static

val ue contained in a programmabl e register. The output of ML is
asserted when the two i nput values are equal in magnitude. 15 V COUNT
represents the nunber of the video line currently being processed.
Consequent |y, the output of ML will remeyp gsserted for a period of
tinme equal to that of one video scan line. It is necessary to process

the output of ML so that the reJimhingriégensraticii—Non-Intedacesfforevated to t he

| eadi ng edge of ML output assertion and is 20 one video clock period in
duration and is insensitNP t o HBNE negation of the FHEREt AP | HHIARI s
I's not done, then fli .

enabl e input is asser
flip-flop 67 (M3) an
di scri m nat or whivshe i £
edge discrimnator ( | ock enabl e i nput of flip-fliE
whose out put w1l to ock enabl e

27

Active Display

VBAP

VSAP

e ArrrnH
e S LA T

_.>§§<_._.

HSERNP

T

HSAP 2 £
HSNP
Horizontal Timing and Composite Sync Generaion—Non-Interlaced Format *-

Fig. 5



is asserted. Because the clock enable signal is nmade to be one cl ock
period in duration, the output of flip-flop Mo will change state once
per video field. Tri-state driver 71 (Ms), receives t he out put of
flip-flop Mb, and, if the master node has been 5 selected, drives the

FI ELD si gnal . Note that the output of the edge discrimnator M
is al so connected to the A input of the nultiplexor 73 (ML1). Wen the
master node is selected, the nultiplexor gsses t he out put of the edge
di scrimnator. The resulting signal is égqled FIELD RESET. 10 It is used
to reset the horizontal and vertical counters of the video timng
gener at or. If the circuit is operated in the slave node,
tri-state driver Mo enters the high inpedance state and no | onger
drives the signal FIELD. Instead, the FIELD signal beconmes an input to
the 15 field generator 55. The selection of the slave node al so causes
the B input of nultiplexor M1 to selected (in the master node, t he
action of flip-flops M7, MB, M and gate MLO is of no i nportance).

The (now) externally supplied FIELD signal is referenced to a 20 clock
(in anot her system which operates at the sane nom nal frequency as
the | ocal clock. However, the phase rel ationships of the I ocal clock
to the external clock and the signals derived from t hese cl ocks can
only be defined as variable. Therefore, it is

. EQNP .
EQUALIZATION* il i
2 :
"HSNP _ ! HSAP o
e ns T |
T : :
SERRATION® - HSERNP ] [
. lm
HBLANK* | i I I
: HBNP | _ HBAP
—p -
: >i
Vertical Counter: n Vettical Counter: n+1

Horizontal Timing Waveforms—Interiaced Format

Fig. 6



necessary to guard against netastability. Flip-flops 75 and.77 25 (M/ and

MB) are hardened against netastability and are used to synchroni ze t he
externally supplied FIELD signal to the | ocal

28 cl ock (such hardened flip-flops are commonly found in ASIC cel

i braries). The FIELD signal is a square wave whose points of
transition are congruent to'vertic%U aynch. Each transition point, 5
therefore, corresponds to the point in ti&E where V COUNT is equal to

V RADI X. In order to reset £he vertical and horizonta

correctly, it |s necgssa detect ]thgse framsity ons.
(MB) and XOR gfte {81 (M m ransiti op det ecf or
isi t| on{produci
b d clochl peki ~-J-nce
He outipyit

counters
FH-p-tHhop 79

i nsensitive tof|the dijr ecitof
pul se with a dprati o of —an
been sel ect ed, { muljt.i gl exor
drives the FlELB-®ESET s

a8

Pl Fur & get ai i t he
operation of equal}ity S alaf o 37 ardg dgescfi be fence to
Figure 11. Figurle .
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15 11 represents the conparisons performed to generate a particul ar
timng signal of the video timng generator. Counter 53a is | oaded

with the radix of the timng signal. Counter 53a increnments each vi deo
clock and the count is provided to conparators 57a and 57b. The
conparators 57a and 57b conpare the current count with the 20 assertion
poi nt val ue and negation point value préXldusly | oaded in registers
5l1a and 51b respectively. The conparators toggle event register 59a,
which is a JK flip-flop, based on the conparison results, and the
output of the flip-flop provides the particular timng signal. 25
Figure 12 shows the timng of the signals produced within field

generator 55 for master node ting " Figure 13 shows the

29 timng of @@ signals prodqggﬂgmjthin field generator 55 for slave
o . oy
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CLAI M5 W Caim 1. An apparatus for synchronizing a verti cal
bl anki ng signal for each of a plurality of independent frane buffers
conpri si ng: a plurality of RAMDACs, each for coupling to a
correspondi ng rendering controller and a display nonitor, wherein one of
said plurality of RAMDACs operates as aszﬁgt er and each of the ot h§toof
said plurality of RAMDACs operates as a dve, eachgef sa&d RAI\/DACg%

i ncl uding | ogi c which generates a verti'cal bl anking=si gnq‘t_;, eakh o%iai d

sl ave RANDA cluding reset |ogic which generates @ signal WA chgasets
said verti cal anki ng @i gnal | ogic; wherein sgid AC aper ali ng as
a master furthem conpritdes a field signal generator i chf genetates|a field

si gnal whi ch provid to each of said p
sl ave, and ea® of sai d sl ave RAMDACs upon r
oper at es sai set l[odgic to thereby sy
to correspon di spl &y nonitors.

ralehty RAVDACs operating as a
gpt said field signal

te tesvi deo signa g provided
.%ﬁhe %!_Jarat us def%héd by &z,

Claim 1 wherein said | dgic which generates sai &vet'tfcal bl anki ﬁgdsi gnal®
conpri ses: a .vertijcal counter which is increnmghnted at each Jeading &
edge of an internal HSYNC* signal.g 3. The par at us defi med by
Cl aim 2 wherein: aid vertig& blanking signal{is asserted during ap
even field when the veMical coupter is an odd nu r greater than or eqlal
to a value storeqd in a horizontal blank assqrtion point register afjd dur}ng
an odd field wher) the vertical counter |is arl 8ven nunmber greater than or
equal to a valuelstored in the horizontlal bl{a®k assertion point register
and sai d v_ert%cal @} anki ng signal {is dqasserted duri ng ageven fielp
when the verticall &ount& is an even nunber eat® than a V&|§I§ sffored | n
a horizontal bl af kiinegaff on point register g aE SoF
i > o o 38 Ea
o 3 = & : = =20 i Z
o 1724 ry w = oo A
- Pod = Ll - = Z <€ <|"—
w i S £ =z 2 8e - 3
i = = a 2 c NE ]
<< ] w o oW >
= = o > > i
M~
D
(2]
o o usd
2 5. 24
S5 =5 82
- D Q
ES == Fo
cE D8 gk E£Z
g >0 @ > =
7~ '
(2]
[
(o))
3 | &
|1 7]
~ [+ o
[
(e8]
[

P DATA
—————3»{ ADDRESS
e AW
_.____’ RSQ
/]
51




during an odd field when the vertical counter is an odd nunber

- 31- greater than a value stored in the horizontal blank negation point
regi ster. 4. The apparatus defined by Caim?2 wherein said reset

| ogic conprises a circuit which receives said field signal as an input and
processes said received field signal to generate a field reset signal

5. The apparatus defined by Claim2 wherein said reset logic circuit

conpri ses: a) afirst flip-flop which receives said field signal as
an input; b) a second flip-flop coupled to an output of said first
flip-flop; C) athird flip-flop olpl ed to an out put of said second
flip-flop; d) an XOR gate coupled to an output of said third flip-
flop; e) a ngl tiplexor having one i nput- coupl ed to an output of said

XOR gate and a secend i nput coupled to an output of an edge discrimn r.
6. The apparatus fined by Claim1l wherein said field signal generat-Qf,

conprises: a) ¥y a conpar at or; by a first flip-flop coupled to an
output of sai'd cdnparator; c) . a second flip-flop coupled to Ay .
output of saidJfjr fTTp-110p, —
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d) an AND gate coupled to an output of said second flip- flop; e) a

third flip-flop coupled to an output of said AND gate; f) atri-state
driver coupled to an output of said third flip-flop.
- 32 - 7. The apparatus defined by Claim1 further conprising:

a) a set of registers including a VSAPLQX®2tical Sync Assertion Point)
register, a VSNP (Vertical Sync Negation P0|n%§ regi ster, an El AP
(Equal i zation Interval Assertion Point) regisger, an EINP (Equali zation

Intervall%iEPlon Poi nt) register, a VBAP i cal Blank Assertion Point)
regi ster, a VBNP (Vertical Blank Negatgm@tPoint) register; b)
hori zont al vertical counters coupl ed ﬁb:sald set of registers and said
field signal generator; c) equality c naarators coupled to sq&d '
hori zontal angl vertical counters and said thf regi sters; and d)
event regi s coupled to said equality co arators and said set
regi sters. 8. The apparatus
regi sters smmsd her conprises a HSNP (Hati zogal Sync Negatips Point)
regi ster, HBNP (Horizontal Blank}{W@gation Point) register, a HBAP
(Hori zont ank Assertion Point) regtster, and a HSAP (Hori zontal S¥pc
Assertion Point) register containing|ual ues having the rel ationship
O<HSNP<HBNP<HBAP<HSAP. 9. Theeapparatus defined by Caim?7 mhg#elw
t he VSNP, EI NP, VBNP, VBAP, EI AP and AP regi sters contain val ues haa:gg
the relationshi p O<VSNP<El NP<VBNP<VBRAP<E| AP<VSAP. o o 8
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10. A nethod for synchronizing a vertical blanking signal for each of a
plurality of independent frane buffers conprising the steps of: a)
designating one of a plurality of RAVDACs, each for coupling to a
correspondi ng rendering controller and a display nonitor, as a master and
designating each of the other of said plurality of RAMDACs as a sl ave;

b) generating a vertical blanking signal for each of said plurality of

i ndependent frane buffers; c) synchronizing the video signals
providing to the display nonitor coupl®t/1i® each of said plurality of
RAMDACs by generating a field signal which is provided to each of said

- 33 - plurality RAMDACs operating as a slave, said slave RAMDACs upon
recei pt of said field signal, operating to reset |ogic used for generating
t he verti cal blanklng S|gnal 11. The nethod defined by Caim10

wher ei n sgra-vertrcar ot ankr Mg st gnat - gemner att ng St Ep conprises tne $tep
of : ifncr ement | cpuntlef at dagh { haplna edge of an
eli

i nternal HSYNC* “si, 12.}Th t hod ¢ hed Claim 11 wherein:
sai d vertijcal bla ijs apserjt ¢d durfi jg¥ap everl fiel-d when ghe
vertical dqounter i er gredtdr than o’ pgpal jto a val ue sgored
in a horigontal bl poj nt fragister amd durirjg an odd fieljd when
the verti dal count nufrber} dr eat t3a1 r gqual to a valjue
stored injthe hori assertifor poi r ¢g sfer; and saifd

vertical Rl anking ssefted quring dnieyeh fijel d n the
vertical® qounter i ber | gr datier t hfaij % yaj ue |store® in a E:f
hori zont alf bl ank n regi stle and 1 2 )
5 Z
B or RS
N S O \
] £ = —
38| -
£3
gl |5 £2 «
5 i1 o
4 £3 &
e §2 &
. [
- K
r gr g
2 =«
. = B 1
| E
1: &
8 7]
11 | i 3
N RERE il o
: i g =
ﬁ -
_— 1 2
35
- B
1 ]
3 % 2
- I h ze
(V4 = é g g
o) w x z @ .= a _ - o
65 2 .2 .8 s 2o 2534 50 28 58 B3




during an odd field when the vertical counter is an odd nunber

greater than

a value stored in the horizontal blank negation point register. 13.
The net hod defined by Caim 10 wherein said operating to reset logic step
conprises the steps of: a) receiving said field signal as an input;
and b) processing said received field signal to generate a field reset
si gnal . :
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