BC9--86-011 1 2202719 COWPUTER..
SYSTEM W TH VI DEO SUBSYSTEM DESCRI PTI ON This invention relates to €
conputers, such as personal conputers, enploying video subsystens and nore
particularly to a nore efficient arrangenment of this naturzzﬂz? roved
performancechsBé-eati on to the control ofiarbitrati on and o]

menory of a subsystemof this nature. The invention is described hereln in
connection with a personal connuter system Systens of this nature have
been descri bed her et of or e SSMPEE TR WATH P SPBSESTIM | nt er connect ed

W th various Input/Qutput (1/0 and storage elenents by way of. A personal
conputer may also include I/O slots for insertion of adapter cards by the
user. For exanple, the U.S. 'patent 4,408,200 describes a personal conputer
system conprising apparatus and net hazkstrprwont i ng text characters for a
raster scan video display operated in an all-points-addressabl e, or

graphi cs, node, and for thereafter reading characters. A processor wites a
character to the display by selecting and | oading into a graphics video

di splay buffer Tﬁi§ Sttiven PRSI ¢l At di0to F@meGE&sf eﬁﬁélﬁxs%efrrsgﬁls BhAdRysand

reads a charact previously witten arin attern retrieved
fromthe dPERAH “%Lﬁild&P %ﬁbﬁﬁsﬂ‘?ﬂs ﬁﬁ‘?t‘@rﬁsparrgt"f’?ﬁféé{ at Grﬁ“ﬂ’c’ﬂ #fEichenge.

Provi si on asramgemedtolofCth iz hathphayims ih\p!l‘dvedTﬂS&f&;‘ﬁérfBé"l iﬂ |zuah£ﬁtneﬁoa

di splay or a ri a_vigde ubsyst e te belng
i nserted i ng%%'%?}glsl%q 2} nrgg{';&néé%na\%cﬁgﬁ tsf’u g?/s“femxgﬁ' %sc t'03' E

pat ent .4, 58pis| 38tA¥RL ng a raster scan display that includes a pIurallty of
s{orage maps. The maps are, addressable in either of two nbodes to provide
addr esses and dlsplay of video information by the szstenl The system
represents an SHRaHVERtLIH M ‘&%SC:%'}Q‘E%rheGFHhﬁPs‘&?’F\?ﬁ

as an Béﬂnrﬁﬁ:eﬁiléystem. Systems of this naturé havebeesl desapidedshéxbioEste

(EGA). Thﬁhﬁ@ ggcfﬁHTDryﬁzé%ogéég%sgggff%%e?gbnnected with various Imput/Output

(I/0) and storage elements by way of. A personal computer may also

include I/0 slots for insertion of adapter cards by the user.

For éxample, the U.S. patent 4,408,200 describes a personal
computer system comprising apparatus and method for writing text
characters for a raster scan video display operated in an
all-points-addressable, or graphics, mode, and for thereafter reading
characters. A processor writes a character to the display by selecting

° and loading into a graphics video display buffer a text character dot

% pattern retrieved from storage, and reads a character previously written Q=

by comparing a dot pattern retrieved from the display buffer with dot
patterns retrieved from main storage. Provision is made for colour
display as well. The system illustrates a display or graphics adapter

comprising a video subsystem, the adapter being inserted in an I/O slot.

An enhanced video subsystem is described in U.S. patent 4,580,135
having a raster scan display that includes a plurality of storage maps.
The maps are addressable in either of two modes to provide addresses and
display of video information by the system. The system represents an

enhanced graphics system organisation, sometimes referred to as an

1

i hth fepeFsmdilred to |



mul i pl exi ng access of a CPU and a CRT controller. Al though specific cycle
det@ils are not set forth, the Enhanced G aphics Adapter (EGA) Card

provi des_dedi cated cycles for”accessing the nenmory by both the CRT :
control | er arﬁ‘f?r% U The EGA has two arbA tration nodes, a speed node and
a high speed nmode. In th€ high speed node, the CPU always has 1 cycle out
of every 5 cycles in:which it. can cess the video nenory;..n the l.ow speed
. node, the. CP@"#?&E‘.: “grPhafs d(??gfregg 'ac%réesglgﬁoem\e/_'flo olrgretrrlﬁlfysha&eﬁce%ry art
especi al | y' comleipiexindiacrass off 2 ICPUi ahslo asTRTS pontaned ledor Akthonph espechiicy. S,

patent 4, 511, 309 RRELIN3rE ESLAMbPn, 8RO IBALDIL NG AL HaaPleDREGDEN T hE

central . processing uni-t (CPU) and a_cathode ray tube (CRT) controller in
accessing a \RedePro¥hns daficared qrches £ 26785RINg the IepeRib by RatR\fhe GRT o
gaRtT a pr ocelslsidagtﬁaaberandA;ﬁ%’ldpaicg@a e hsgilﬂws_ m&ﬁa@rh&tdgeerh wewgaa%em -
' control |l er .acges eri,ods. Arbitration logic i.s inc to provide
control | er a@é‘gsi%gﬁﬁo%efﬁ W?\’En tﬂ‘e%ﬁ? ﬁ?ggoﬁﬁegﬂt"?%ﬁ'b"gﬁ\ggﬁ a[lﬁ%y%é@s and the
CRT control | eycldlouteot iegary $ npciesoin atiagh iitgcdtheceeds thatvideo sehores o
the ORT cont bl fhy Splfd mshd Y néTRMALDS o BEPE Gychbs® toP@cRial ¢hel+1adhd

describes a conputer termnal. having a I splay, a mcroprocessor, and a
random accesdeRe¥ibry whi ch stores character codes for infornation to be

di spl ayed on the CRT screen and which serves as working storage for the
processor. The displ ay processi is interl egved with other chores of the
M or oprocessor . AZPEF Tt SPRRGNEI e SANGHTES WEAETeieR D Fideo sshavsteusy oZEE. 4
system for prexangré,nghe/iu;lsp pitameal4s 518966 Seticefls aeSystdni figessolviag ihdeo
signal's are fied LIigHOM Belhchb PLEAELL (13084 h UMR' RGRTBla ANChdolL SRRV
TQe, vi deo signal's are preprocessed and Stored rn the Vi'si on processor i ch
has a shar ed t&PeDIGRT) Acansnpliesr in agcessingra lvideq @epory agrathe oseided yandomy .

via a Commn_a%sssmdm&ﬂnt(mb% P&l Aht#BrBteddifg VdyStah. PROSRS aLteds pbARRONSE
to command si,gnal s from peri pheral devices

i3 provided between successive CRT controller access periods.
Arbitration logic is included to provide CRT controller access priority
when there is contention between the CPU and the CRT controller. No

" mention is made of adapting the arbitration scheme to the CRT

controller's activity.

- As another example, U.S. patent 4,117,469 describes a computer
terminal having a CRT display, a microprocessor, and a random access
memory which stores character codes for informétion to be displayed on
the CRT screeh and which serves as working storage for the processor.-

W, : The disflay processing is interleaved with other chores of the
microprpcessor.

AS'sﬁillvanother example, U.S. patent 4,577,344 discloses a system
for processing video signals representing sénsed images. The video
signals are fed through a multiplexer to a viéion processor and a

’ display.. The video signals are preprocessed and stored in the vision
, proéessor which has a shared memory. A computer controller has access
to the'shared memory via a common bus an§ controls operation of tﬁe -

. vision proceésor in response to command signals from peripheral devices.



BC9- 86- 018c9-86-011 S
invention is to enable n e pirdNitilisation of a video
menory ina video subsyst.e by a vi deo cont r ot and central proce55| ng
uni t. Accordi ng to the "fivention, there is provi ded, a conput'er - ’'system
i ncl udi ng a vi daurislabzysnem:f‘mrof:mhmpﬁelwng ihﬂventjiloapisa;tooénatabaum a
cat hode © ae g dnaPk oG 158ut fa B J 91060 BLLl) LIS BRBLALLON 2Ln e
system and operable to access a Vi ded nmemor trans . dat a
bet ween t % & videp sentrallanpndheentpal mrovw@@scmtr oI | er- oﬁsgr abI e to access
~the video rrermry to retrleve CRT data therefromfor displayi"pg on the
di spl ay devi Cep. atrbe 3‘ on meaqé]i fori arbitrating the acetess of said
CPU and sai d vi d‘:eo 6%t eATEEsRy UieER ot hRARY Y ede FRIRULET 3B PRt hat
t he vi deoinglvdingita videre anbsyssenpiorating rodlimgabhe dispthyybfiatateont fag "
access sa st K, e
said CPU %%hgggg%syngg?é )é\%g%'leag Frlrg‘?r%r%y ég'?ﬁ duri ﬁ,@%ﬁ;ﬁﬁ% 2 T’Eaad}q(?{l/c fggﬂg/nen\
the CRT i &vstemcend eperablgute fgees advidsioayenary| far the ‘@ﬁﬂ%@ﬂrnﬁﬁtcpé'f the -

i nvent i ondadd (lj:efbi&@nb%ém&&f’% heﬂarﬂoxnweoépmxarmi&ol &t{tgo[ﬂreﬁﬁémbl 1&(12 t he
acconpanyi n r aw i C S ene ised s m bl o

di ag?gm gf '?ﬁ‘f& S‘g Y\’éfr’?ﬁr'?/e"?ﬁﬁsf;?sfgm’afﬂa (ﬁbgPF%ttgﬁﬁeféﬁ %/ gésaiég&?s bed
herei n, Fow thB diwplay iduvice s alidéd arbhtutdén weahs Forebsierasingf thdie vi deo
SubsySt e ofofi 8 Maulidoh, GEP5815 SIRRETR O RLNEL b8 WiRRo labllp, dr ai nOS:

Fig-1Cis rmre |a ram o Vi menor y tem and -
arbitration apparatus of Flg 1A; Fig 2 shows the arbltratlon and nenory

cycle generati eﬁhr\ﬂetéﬁs%ugﬁ. SReVSheP delt ﬁﬁi&?@tmdmsl&ﬁsa ik ApelRagNEp Ol
| ogi c; BC9- 8 4 illustrates the

| ogi cal cB‘FFg’thu%‘Hdoﬁi‘Eﬁ“ EPRETOL heT }°C§I‘Eﬂeésg%ﬁér ’é{‘%ﬂ" BTN i EBTERESy st em et

acknowledge basis, and to enable said CPU to access said video memory

N

both during CRT display cycles when the CRT is inactive and during
non-display cycles. ' : '

An embodiment of the invention will now be described, by way of

example, with reference to the accompanying drawings, -in which:

Fig 1A is a generalised. system block diagram of the video memory

subsystem and arbitretion apparatus described herein;

Fig 1B shows inter relationship of various elements of the v1deo

subsystem of Fig 1A with cross reference to other figures in the: . _(_)
drawings; - '

Fig 1C is more detailed block diagram of the video memory |
subsystem and arbitration apparatus of Fig 1A;

Fig 2 shows:the arbitration and memory cycle generation mhile Fig3

shows CPU interface and data latch control logic; -



Figr S illustrates the |ogical construction of the high speed arbiter; Fig.
6 illustrates the |ogical construction of the clock generator; Figs. 7A
/B, and 7C|Ilustrate waveforns for timngs of 8 dot npbde, 9 dot node with
8 dot r@\ ry sdechbe-@and 9 dot node with 7 doj nenory cycle respectively;
Fi.gs. 8A"and 8B show waveforns occurring during high speed arbiter cycles
for CPU Read and CPU Wite, respectively; and Figs. 9A and 9B are waveform
di agrans of |ow spiapd4arllnstrateycties légicalCRidneasktA6a FPthdVriehery cycle

respect ively. I us e vi deo menory subsystem and includes
‘gehbfatct/ob S ALCS NS I,

video nmenory "13 at stores or display on a CRT nonitor 1. The
video menory 13'is accessed by CPU 2 for witing and updating of the data

and for reading t#g, dgtﬁlﬁ&ﬁ&ea%&nioﬂ&dv&ﬁkﬁ&hﬁ(&ﬁ%hm i) Hedgo Or
CRT controller 10 for use in controlling the actual display on the nonitor

1. Access of AFPYEF? menory 13 by CPU 2 and video controller 10 is controlled
on a cyclical nultiplexed basis by video (nenory cycle) arbiter 11. Fig. 1B

is arranged to s t he, |.ati onshi e .ele si ng_the
vi deo subsystem vh\fil %rl&é}ggge tgfge'%'cee?%lctage°°6‘ts%’é‘i‘°tflf”éE&ggg‘f ﬁq{gg)ré gﬁtﬁ’éé.
I ncl uded are bl ocks 5a - 5f which represent Fig. 1C, and 2 - 6,

respectively. FigrighC mowe‘hta!aa ¥ qemg@gegx, %HPo%%t f—‘é? ‘@Qﬂ\'ﬂ%g;e' BElggs a

nmenory cycle arblter T cycle arbiter s control

signai s on | i"R88" 1913°’Ed“°f1ﬁewj\ﬁhd%d’%mﬂ%¥y1®’°1&d%ﬂde§sd%femeé? iwdghcbietol to
BCO-86- 011" - memory cycle respectively; 5 nultiplexor (MJX) 12 by the CPU CRT
signal on line 109, and data |latch control by.a CRT latch signal on line
111 and CPU LATCH signal on line 112. The -CPU READ signal on |line 106 and
-CPU WRI TE si gnalFigs. |§Mend (BB showe vavelnrnk codcRik thoadulringl higthepsédiegbiter

(Terrory oYc! Shesid s bl ank RG0S Lo v} A 2 Vi deo merory 13

read or wite operatlon

Figs. 9A and 9B are waveform diagrams of low speed arbiter cycles
for CPU Read and CPU Write respectively.

Fig. 1A illustrates the video memory subsystem'aﬁd includes video
memory 13 that stores the data for display on a CRT monitor 1. The
'QVideq'memory 13 is accessed by CPU 2 for writing and updating of the
data and:for_reading the data on occasion, and is also accessible by
- video or CRT-control;er_lo for use in controlling the actual dieplay on
the monitor 1. Access of video memory 13 by CPU 2 and video controller
. 10 is controlled on a cyclical multiplexed basis by video. (memory cycle)
N 3 arbiter 11. -

Fig. 1B is arranged to show the ihter-relationship of the. elements
comprising the video subsystem with cross-reference to the'other figures
in the drawings. Included are blocks 5a - 5f which represent Flg. 1C,

and 2 -.6, respectively.

eFig; 1C shows the video memory subsystem which includes a memory
- cycle arbiter 11. The memory cycle arbiter 11 provides control signais

.- on lines 110 to the video memory 13, address selection control to



Arbiter 11 uses the READY signal on line 108 to tell the CPU when the
requested cycle is conpleted. Wien the CPU reads video nenory 13, the CPU..,
address signal on line 100.is coupled to the video nenory address bus 102 -
via MJX 12. The CPU CRT signal on line 109 sel ects which address input, "
CPU addf ess 100 or  CRT address 101, is present ed on address bus 102. The
vi deo mem)r)? d23879%h bus 103 is latched in’the CPU | atches 15 by CPU LATCH
signal on line 112 and sent to the CPU via data bus 105,: graphic controller

14, and CPU_d ?égpfgle né&% ey LR Eﬁ%ﬁ&'i i%nvu@s& 168 1% ddka &Q&@PU

address si gha I's coupled'to the video nenor ress bus 102
via MUX 12. coptxad H&téacﬂ&ﬁttchesﬂnﬂll@ diéng 114 %‘?ddé’BUrfér%?ySiﬁga Yiop &R dat a

bus 104, graRrbi cyheonipOkkAs sldnalaBs ﬂa{ealdsmsn&(l&:pﬂm';@l??ﬁqmut owlliae 107

generates the CRT screen _addre s l.g line 101 i-ch_i.s, . se
12 to addr eSS™E HEF®i the SRR o AP 1 %?r gg?%éﬂe?%'fyr &m%eéa?ﬁbit@ég{ % \éh?%e CRT
| at ches 16 ‘tha cHt ®ahts t&Oﬁxiamalte a vmemhaehmy 1 B re@RTon AT ke spgrlatioon line -

111.  Ser eesargg‘gﬁ% L (e giufisf W‘@gﬁﬁf oneline! Pod ¥ @éﬁr gbgt@pucm @%_gr' 18

via data bu ! or via reglsters us 116.
at tri but e. coetnestedrcyidef b3 rompleted. CRT data and sends it to the video
di splay nonitor via bus 117. The video (nmenory cycle) arbiter 11 decides:

whet her the CRT controller 10 _or the CPU 2 ts tQ._us dé’tsthe vi.deo nen%%b
at.any given ti rfren Y%, CERTeagdnt Fiser Jempsy d§h? &PEaress (piggal &8
13 const ant lipodik icogpred ituethei dided némoryahddress tnisnllod vinhMux ildeo 'llhmage on

t he video digpl rmnl t.or ta(l_.ﬂj
i mage duri néﬁgé?llﬁvg %nad‘egnlln rva geligét e{'lg% Eg ett?g eratglg%i; m)de of
the video swissgRT ewddress BOD, 86 Puesented on . address bus 102-- e vgdpaiegprieo ()

subsystem i %%Q@Les Ofosopérﬁttbﬂéh g M\tp@hﬂafteﬁ@msnppm LAYGHUS @1 on

al pha-nuneric a a@g I CS des of several character qr, pixel resol utlons
For exanpl e lipfpeld %ﬂﬁsﬁ%t‘%ﬂ] EInvip 9pka\Pusaf0S, graphic controller 14,

and CPU data bus 104.  When the CPU writes to video_memory 13, the CPU
address signal on line 100 is coupled to the video memory address bus
102 via MUX 12. Write data from the CPU is sent to video memory 13 via
CPU data bus 104, graphics_controller114, and_data bus 103. |

The CRT controller 10 generates the CRT screen address signal on .

iine-lOl-which is sent via MUX 12 to address the video memory 13. CRT

~ screen refresh data goes to .the CRT latches 16 via data bus 103 and is
latched by the CRT LATCH signal on-line-lil. Screen data in the CRT
latches is sent to the attribute controller 18 via data bus 114; or via _
bus 115, shift registers 17, and bus 116. The attribute controller 18 o/
formats the CRT data and sends it to the video display monitor Qia bus

. 117, '

* The video (memory cycle) arbiter 11 decides whether the CRT
controller 10 or the CPU 2 gets to use the video memory:13 at. any given
time. . The CRT'contrdller 10 needs to access the video memory 13 '
constanily“during-active video interva1s'to maintain the video image on
the video display monitor. The data rate required'to maintain the video
image during active video ihteivals-is determined by:the operating mode
of the video subsystem. ' .



pi xel s horizontal by 200 lines vertical and 16 col our graphics, and 640
pixeﬁs hori zontal by 200 lines vertical and 2 col our graphics. These
constitute two of-the many operating nodes of the video subsystem and have
differQ;h screen data rate requirenents. The nmenory cycle arbiter 11 senses .
t he screéen daxa-mﬁunlreqU|red and adjusts @ he nenory cycle arbitration
accordingly. The menory cycle arbiter 11 also adjusts the arbitration
during times when the horizontal and vertical display enable signals are
i hactive -to gi ve Theeviimg ghpsysten ligbraprabje|afsoperatdnpg ihomanyefbfierentresh

cycles) of vVirdaes/MaNeINaih3- alghaneinedid haaagbhidy nodesl Ok AihelBE chaPadtiesp! ay
periods as well g{ durin 1gg;;_he retrace |nterval s-instead of just_duri n%ét he

retrace int erFaPteed BHEPIREIMNF 1 HPTpPYTPLEr tthe YIRS sehsYgreucer 5Bl Réfory
13 bandwi dt h pigelh@dofPidnsahdy 2o lliﬁésf aeetidaleanmlie cfcﬂbhr\kjrtabhibst,hald 640

non-di spl ay fgch{é’ %?*zﬁkgxz byzzé’é‘qéﬁe%]%%ﬁ]a@é Qe{.-gl't g%s.d' fgam of

the menory :c e ar t nenory cycle
gener at i on | ;ghetitnhe| tworpf the m\qumi@@oﬂm off b!aeevaﬂeb @ghbsystanind

control | 0gi Gaye RAfe2EfintIstieeki & talratdi@ed{Fepblis.er consists of two main -
sections 3 and 4. The first is the "Active Screen Tine Arbiter' (ASTA)

whi ch makes. nenory. cycl e assi gnnents based on the active display
requi rements. Bl On'ieSmé]ﬁhry2agclan£|rlﬁ4er 11 Bepes2tit@prechedat Tase dleoiredBl ock .

22 is the hi %hrrz%ﬁ%gmi tp‘ﬁt £l vvh| r%lﬁ:rgﬁgnr atc%rgis 12 ”%%Foc%‘%e arb ter

used in vide reqﬁ?r Screen data ra ?he
| ow speed ar lgirbétemai cﬁiSPsa@usFﬁmhe @Fbiltaet:ivnt ﬁmmﬁoﬁmsawhen the horlzontal

r equest / acknqwae&wa&yp%iaﬂyyt eﬁableB&%lslzﬂaaeslﬁmlwltU €i@< €he tdibat aﬁel ects

ch arbiter is used to make the nenory cycl e assignnenis MUX |
trol | ed bpvaitalectycdegntixcgeh &PatRaTory ‘letfﬁ?%h cretestopf tVéF§° tn}‘FE"’@f &éo

oper ating nodRahfindetied RirbErratedh Aaring hh@l’ndngmsﬁlE?(be&li&lé l:aatwém as
appropriate. ut of the

ASTA'TS Ted (S57HHE SPACKINDERY AREOTIRe SHPSaRe A et durths' he 26

intervals alone as in the prior art allows for greater v1deo memory 13
. bandwidth to the CPU since the retrace intervals fall within the

non-display intervals.

. Fiés,.z and 3 form a more detailed block diagram of the memory
) eycle:arbiter 11. Fig. 2 shows the arbitration and memory cycle
generation_logic, while Fig. 3 shows the CPU interface and data latch
eentrol logic.. Referring to Fig. 2, the VGA arbiter cohsists of two
- main sections 3 and 4. The first is the 'Active Screen Time Arbiter®
U : iv (ASTA)thich makes memory cycle assignments based enlthe active display
_ requirements. Blocks 22, 23, and 24, in Fig. 2 comprise this section.
Block 22 is the high speed arbiter which is a fixed rate assignment type
1arbiter used in video modes which require high screen data rates. Block
23.is_tﬁe low speed arbiter which is a simple SR latch that forms a
request/acknowledge type arbiter. _Block'24 is the multiplexer that
_ 'selects which'arbiter is used to make the memory cycle assignments. The
_#l_MUX'is coatrolled by a select.signal'generated by logic that monitors
7_ the video operating mode to determine whether high or low speed

P'arbitration is appropriate. '



Arbiter' (AISTA). This section nonitors the horizontal and vertical

di splay interval, block 25. |If the screen is active, or if menory refresh~
is taking place, block 26, then the output of the ASTA is passed by bl ock :
27 to~the rrermry cycle assignment |atch, block 28. O herw se, the next .
rrermr‘y_/cycl e is e{?r mar ked for the CPU. N@ny of the si gnal wavef or ms and
timng rel abTBHER ]ﬂs are shown in Fig. 7A" 7B and 7C. Reference is al so

A

made to Figs. 8A and 8B which illustrate signal waveforns and tim ng
rel ati onships d Spg it o ;&q pogls. U
Read and CPU W:ﬂ%ée%r%egh%%tf Ve{“is@ﬁ% %d Ct% #\ﬁﬁs \%g‘\:/%{;c/)??rs o I nt %?'féstmgp

| ow speed nixkitare @%WH ‘i nTlFisg segmonommeaﬁ t@ﬁe\‘%ﬁi%ﬁtad-ném?:l"grt%l CPU
Wite operagifiay Hiretvl, TER:MSSI @RatndBekédit 18 18t ibé O or2i.f |m‘ém9ﬁf'er at ed

by a D type flip-f]op 28 cl cked an_AS on_line 4
e dat o) L aieeBn 15RaBire plicss. RESE ARn CTATESPERIE Gh P AT BE Bephd
NEXT ARB ST¥d E:lsclg el torthei nm&izScwﬂel agsigheeit Latch)Chlodk SEREBRhéRR sELT

Zhgn?LeOUEwﬁ%%%I@E&%EE%é Sl gna#?éépflb | neNﬁ%i%‘g’g c}(')i;gvesgleﬁ:a 1|13 °

MEMORY REFRESteformm ahd orining crelasiahships @reyehown AND Fagy clbi t 7B RndCRE-ci r cui t

26, and ANDpLrerghitd 1Z7aib%r Mdéntbhi'ﬁgsf USE ln@Nen whileh HORhANEALssgha LAY
ENABLE signal on |ine and the VERTI CAL DI SPLAY ENABLE si gnal on |line

113. 4 are cYRWeSRERS Iaydf‘iﬁ"ﬁf‘g ReFaFiPnghiegi Aoring bagh speed AFPFey S¥EHS oned
Enhan](c:ed G apiyhC speddambdy). for PUMEEARNRICPBEGH toi ﬁ@lecﬂi‘vélyne cthar Ssiighal he
same frequency AL SPLAY LE.11. 3 nd S 0S, l.ogL c
pul se 3 or ‘Sa 8@??5”%%? :%]85 i_ow & l’:LrAér?)lmﬂae frchar act%’% %tilgneé df%ﬁ] Rega
HORI ZONTAL 6pe3@Eioh BRADTIS.198. $Pgdasitérmrhb§omal -one to logical zero. Th
ACTI VE SCREEN ARB QUT signal on line 210i s used when the CRT screen is in
an active display interval. "~ACTIVE SCREEN ARB:OUT signal.:on |ine 210 wll
reflect the hi gfhe BETER BPT igpal sm dige 238, Fig- t:h'eiPo%’?ﬁéEﬁf By Per 23

out put 209, t¢epenii-Top ed Bﬂoékfeatbbs anf as8iichi Glotkesighal Cantline JI-BEE 7hNeB
SLonal o0 | ol Bl OHE 2R S LERE A R dh SN R
det er m nes RKEISIATE Isiigimls pecline 218 will reflect the ACTIVE SCREEN 'ARB OUT -
signal on line 210 if the HORIZONTAL DISPLAY ENABLE signal on line 113.3
and the VERTICAL DISPLAY ENABLE signal on line 113.4 are active, or if
MEMORY REFRESH s1gna1 on line 113 5 is’ active. AND circuit 25, OR
circuit 26, and AND circuit 27 perform this function._ The HORIZONTAL
'DISPLAY ENABLE signal on line 113.3 and the VERTICAL DISPLAY ENABLE
signal on line 113.4 are customarily furnished in an adapter such as the
aforementioned Enhanced Graphics Adapter. The MEMORY REFRESH signal on _
line 113.5 is the same frequency as HORIZONTAL DISPLAY ENABLE 11.3 and Q-/
is a positive logic pulse 3 or 5 character times long, occurring 1
character time after HORIZONTAL DISPLAY ENABLE 113.3 goes from logical -
one to logical zero. The ACTIVE SCREEN ARB ouT signal on line 210 is
used when the CRT screen 1s in an active display interval ACTIVE
'SCREEN ARB OUT Signal on line 210 w1ll reflect the high speed arbiter 22
output 208, or the low speed arbiter 23 output 209, depending on the
'status of multiplexer 24 control FREE ARB signal on line 212 from clock
generator 20. Clock generator 20 senses the data rate requirements of

the selected video mode and automatically determines whether high speed



BC9- 86- 011 " 8 arbiter 22 or |ow speed arbiter 23
S gpproprl ate for nenory cycle assignnent. The | ow speed arbiter 23 is a
sinple Set-Reset (S-R Iatch t hat operat es ‘as a request-acknow edge type
arbiter. ) The request; or Sinput is the -CYCLE REQUEST signal on line 211
generated by mmb-gﬂnerator 20.. The acknogi edge, or Rinput is the CRT
LATCH signal on line-220. The CRT LATCH signal on line 220 is used in Fig.
1C as a data.latch strobe that |atches the video menory 13 data. The high
speed ar bi t erazitey 22nop kv spaadt athiser A3pis capprbpisiate Ofpircaémorgnestalect i on
i's shown in Féglgﬁmeﬂtn Fig. 5 high speed arbiter 22 consists of binary
counter 55, Dflip-flop 57, and NAND gates 56 and -58. ARBI TER CLOCK si gnal
on line 206 is generated by menory cycle generator 21 and is used to clock

- binary count er .55The memep;aaezmtgerzerﬂ eSsispleNsaiirssae(sambinhesn 28aQUt put
signal on | he H G1 SPEED OUT 208 signal to

NAND
| ogi cal zero%%gcycfé %sett-a ml"’ll’li gg[ﬁ %&?ﬁ/ aEBLRRT - nTheoRRTueSt sy § ot
to five. NANG §he eZ6LE rREQ@Ss'It RégnafORCHAne | Ynagermrated dy 28lbckogensretsy er

the binary cont e aekitvibags, bS £qHBk: EQ é&e’(cm-gﬁczﬁf / o3 gl é? line

207 is used to re:synchroni se menpry cycle generator er ever
‘menory-.cycl e THe GRULATHDFdanahqp lide 229 dguused b%l@'iﬁerlibds & gatedalich

character posdtiroba At DR ches B8, vidRo! bk PSt3 dBaANd 7C. I n video nodes
that use 8 input clock periods for each character, as in Filg. 7A this
signal is ignored. The D flip-flop (DFF) 57 is used to provide noise

imunity for the THABEGICERRECRrbitgrak2 dis hi ns2gimenbatypey aFtitenivivset he
o nary Count sstent Wizt al 8 SOOI Sl 08, UG HEACER L

Flg 2, rrermr%ecyc gener at or 1 gener af e
rrermry 13: as AfeFPnsiste | afc Rinamyr countar sifocl Shiprfiop 32, and NANDI tetes06i6 ptl

flip-flop (DfSs). 24kerTER @Loé!( |s|i HSL oAl Efhel 5@6 |igggéﬁ|ra€éw§2rm&{ok9rby%&enemr y
cycle generat or 9 nake up a shi ft

regi ster whosé" Sfﬁ]tﬁﬁtg)]r ?nF Hﬁg‘k "g’ ‘%‘g‘ Pinary %“é‘%PFn@ A08ND qafe BAS
signal on | i rgenédates, thd Xigh gpabd ambltere 22 Whtpat biGASRL S:lngnﬂle Qols.l | RENpl10. 2

are active higQRe MY §8fves the mIcH SPEED OUT 208 signal to logical zero (CPU cycle)
__each time the binary count in counter 55 is equal to five. NAND gate 58

. drives the -FORCE?7 Signal on line 207 low whenever the binary count in

" counter 55 1s equal to six. The ~FORCE7 signal on line 207 is used to
re—synchronise memory cycle generator 21 after ever. 8th memory cycle in

video modes that use 9 1nput clock periods for each character pos1tion

h'on the screen, as in Figs. 7B and 7C. 1In video modes that use 8 input

, clock periods for each character, as in Fig. 7A, this 51gnal is ignored.
&_/ o The D flip—flop (DFF) 57 is used to provide noise 1mmunity for the PHASE

CORRECT signal on line 221 that synchronises the binary counter to the

start of a horizontal scan line.

_ Referring again to Fig. 2, memory cycle generator 21 generates the
v“control signals for v1deo memory 13 as well as clocks for high speed
arbiter 22 and arbiter output flip—flop (DFF) 28, Fig. 4 illustrates
. the logical construction of memory cycle generator 21. D flip-flops
‘H_(DFF) 43, 44, 45, and 49 make up a shift register whose output is fed
Tback to its input via line 400. The RAS signal on line 110.1, MUX
Signal on line 204, and CAS s1gna1 on line 110 2 are active high pulses



BC9- 86- 011 _ - 9 that are shifted in phase by one

i nput clock period each. RAS signal on line 110.1 and CAS signal on line.’
110.2 are provided via the MEMORY. CONTROL bus 110 of Fig. 1.-The AND- OR

bl ock 48 IE u;ed to force the shift register feedback cycle to seven (7)

i nput\cl ocks by selecting the third flip-flop stage (DFF 45) output durin
the first h&P¥Othe feedback cycle, and by selecting the second fli p-flgp
st age (DFF 44) during the second half of the feedback cycle. The AND
circuit 46 q:gd %ecéﬂi; ect.i Jé'hgﬁgge §egnﬁt é\&r %Qoéﬁ%ei‘fﬁigw Cyad E'sz.bﬁaﬁ on

i nput cl ocks during t use eriodS for a single character’
posi tion on lihe lGRTls@de@ﬁ sigpzl 190 é’r’{?n&?-o-c?na?-'? Fronideq ¥ia the MEMORY;

out put of apRERNAbES a&eg&@mblf r 984 ANDLOH BAbCK exbl £s txi%@d\/ﬁdﬂd!ﬁr&&iltﬁdvare to
- make the character box 9 cl ocks. |on

generat ed byphhfyireghetary Seeftesk oxsld fp PSY%S‘% gc‘%ﬁé’& 1%3 72:" 'fh%
once every &nkpgdapkelvpciesie (OHF 45) Lutpue dmingea:hegﬁ.xtslueh@lénefatmd nenor y

cycles and lrygg S eed arbl I‘{arb?2 I\MF &%Qﬁe%ecbnéﬁ@?-f% 154:% éd% 4C)I'g 1C

that contro ou'f I sters = PHA
signal on | |dme1ﬂ23:hessamed mfsyﬁmpofﬁ%a@ﬁé’yﬁﬁm Fhe WDccRAE A6 8R4 | Wyi ¢

and hi gh Sp%qgﬁﬁi@ 4h€4re? 33&9 t}ahﬁo&%gtﬁmlfeeamckacmrel €68 ahp® dMotike@uping he

CRT screen circult '

|, | 221 t
prevent the n\?éﬁ%r‘?‘aﬁy‘bﬁee% Fhack pexgrds foxy Pﬁﬁ@?g;ﬁaﬁ@c%e s @gf'elngsh >
interrupti ng:R&-hgczfeeﬁdbmxlé MWD Gigh4l lohNEink0@10 iEhe simgbe )bimymh@ushof ta

register is i. DEF! eset, e t P, | |

221 is acti \Fé’ t%&%# gﬁﬁ?"zs&ﬁrlﬁhﬁé 9%31 Zt{ﬁ% lener<';1?Jd§llbeg@él m&%%_ﬂéle
controller th,ar&:@r bk %n&c“dlm-esmmemmheimlp%|1tiFlen297u§§ prior toiy
the start of Jf.08, hor qug.tgﬂl sp%%ﬁnarﬂiQﬁr 221 Bfia AbPets londl 'grt@rbcﬂrféedﬂﬁcklwclé a

si gnal used g[o contr ata wthrn attribute controller
timng of - masereeeRREEredhaka FYSIeS: | n"éh igois |5§“5r§b|r§épgﬂnc8m PF’é’geB‘y NOR
circui-t 50, m%oﬁ'd%ié@&n&lhimdpm arns:nwrt 253l,itnl”t£hel s/<L dégnalabnvkinef the

AT
RS/ -L si gnala'orr,li‘}.' &, ¥ gtacontroSlYN%%e V1% o ou pul: S%Q.ﬂ]:li?’egisteg ?9' S€

' The. -PHASE CORRECT signal on line 221 is used to synchronise the
memory cycle generation logic and- high speed arbiter 22 to the beginning
of a horizontal scan line on the CRT screen. " AND circuit 54 allows the
~PHASE CORRECT signal on line 221 to prevent the memory cycle shift
register from starting a new cycle by interrupting the feedback loop on
line 400. The memory cycle shift register is idle (all DFF's reset)
while the -PHASE CORRECT signal on line 221 is active.. ‘The -SYNC2.
:signal on line 113.2 is generated by the CRT controller 10, Fig. 1c, and \/
.indicates the character position just prior to the start of ‘the

horizontal scan line. The ATRS/-L signal on line 120 is a signal used

to control data within attribute controller 18, Fig. 1C. The timing of
~PHASE CORRECT signal on ‘line 221 is precisely controlled by NOR circuit

50, JK flip-flop 51, and OR circuit 53; ‘and is a_ derivative of ‘the

'ATRS/-L signal on line 120 and -SYNCZ signal on 1ine 113 2, Prec1se

phase control of the -PHASE CORRECT signal on line 221 provzdes immunity

to signal propagation delay variations from chip to chip which are

inherent in the IC manufacturing process.



bhase control of the -PHASE CORRECT signal on line 221 provides imunity to
Si g{nal propagation delay variations fromchip to chip which are inherent in
the”TC manuf act uri ng pracess. BC9- 86- 011 10
The init™al state of the control logic with -SYNC2 signal on line 113.2

hi gh wi\H/ be pHS_ gg_ldhflop 51 reset (signal gn line 407 low) and -PHASE
CORRECT signal on Iine 221 high. Wen -SYNC2 signal on line 113.2 goes | ow,
OR circuit 53 drives -PHASE CORRECT signal on line 221. |ow when the nenory
cycle shift regl sty iRNdiQNSstidte seenscdatkédl Q)ﬁ@i@w@f:h o-mna is@8n41A8n line

dicated b I
S anat on 17 AE50s MRt ot O O EoR Sa e sy, EFHE 0 R (e
finish the cuPHASE CPBRECT) sigreleon dne | 221nbighal Imd-smc'ee_gigmaarmt Rére one.
The circuit Vh's rcﬁ:@'jf'b “oﬁ *Hz%a&i@%? éﬂ’béé -tpﬂﬂsn?‘ ﬁ!uz ﬁl&ﬂ&' 019'1%11%%1120

si gnal- goes 1ow, si al ong wth - el ng
| ow t hat: t he IGR'F"'FﬂS‘r F‘Z%r?te&?rléé%{ﬁ 9 |shéfwrle91§3‘€§| ‘FF%F-’F t'F*Iehée‘T‘R@ﬁt halifoexcleyef e.

At : t hi It 848<7)| ntolpUERi%hr CaH tl{lsf}:ha(iﬁaw RAOGigRES AR giheamlfb &Kbézioﬂgpiévhqp wilth
out pu " na on I ne orclin '
OBt comrrepaft (Bl b1 g 0 pe At b SR el bl Efete SRR N,
this state urﬁegﬁ.st&YMzsegtmlfian the chiBerx gmyhcgdm,e,hmhtj i1 gnotPeiNsived
CORRECT si gnal, g r[?n%l sfactye cf{k%keéef L&&iﬁ'& lghRs f tg@i\ﬁﬂmf h8e

i nternal operati on- ck generat or IS s |

cl ock signal AFRSY TInélﬂﬂl anili@s r3ygienall pees lle‘p: mfyg.nﬂ Aeng e thi ‘-‘-’LYH€2 :
i nputs to I\/U>£-.11ah9p lon60inel @989 2 bbingd0 154 GRab lerd énﬂqsrimmamsstcah CindC¥iA01

frequency by .2 and p ents th resul to_t he ot her ut, o 60 via
[{ne 500, Thé"sd WiAREEE BRat SIACH FHELS0AL A Pt S o eHhI T SR of
of t war e pr@grmhigh aedi M Elip-faop t5l bstputeqad mkl gonkigh at theahext ock
frequency to gn 0 [0t u ock 6Q.,becones
t he DOT cn_oog’l%?’én% /L0 2! Slggé%?aﬁﬁ‘ss?g%&#& i) B0 Hn o0
the cl ock foringctineft mpér@itcvxléunmmd@ d:plafstshe funtidgiSyNG? signek o83
and D flip-flQRe 113.2 goes high, holding ~PHASE CORRECT signal on line 221 inactive

and resetting JK flip-flop 51.

l_The_internal-operation_of clock geherator 20 is.shown in Fig. 6. A
master clock signal on line 201 drives toggle flip-flop (TFF) 61 and one
.of the inputs to MUX block'GO. Toggle flip-flop 61 divides the master
~ clock 201 frequency by 2 and presents the reSult.to the other. input of
_ MUX'GO via line 600. The DOT RATE signal on line 602 signal is a single
_bit.oﬁtput_of a software f:ogrammable register that tells the clock

\_ o generator what clock frequency to use for the video dot rate.

The output of MUX block 60 becomes. the DOT CLOCK signal on line
601. DOT CLOCK signal on line 601 is used as the clock for a shift
register circuit made up of shift register block 63 and D flip-flop
(DfF) 65. This shift registei operates in the same manner as the shift
. register in memor? cycle generator 21, Fig. 4. The AND circuit 62
.. provides the feedback for.the.shift registe: loop. - The shift register
. will have an 8 or 9 DOT CLOCK cycle length on line 601 depending on the
state of the M9 signal on line 410. When M9 on_line 410.is.logi¢a1 1 (9
dot mode selected), D flip-flop 65 inserts an extra DOT CLOCK period via



(DFF) 65. This shift register operates in the sane manner as the shift
register in nenory cycle generator 21, Fig 4. The AND circuit 62 provi deMs*'
t he feedback for the shift register |loop. The shift register will have an:

8 or 97HOT CLOCK cycle length on line 601 depending on the state of ‘the M
signah—dn line 410.. When MP on line 410 is logical 1 (9 dot :node

sel ect ed), ] T?eboﬂF‘op 65 inserts an ext r &¥DOT. CLOCK peried via ,

BC9- 86- 011 11 line 601 during the second hal f of

the shi.ft r § ' RA S on | ine 119
is the cl ocek.L use Sﬁ@,%aﬁ&e[ %S@Thggﬁtorf% 9]-1 %Lg;}gr ﬁ%%agt gr’fﬁ#% on
i nes 607, &bs, WC%C% gignad gwtlipedbld) iw the - al¢ck1 bodd [tpkelocRHARACTER

CLOCK si gnalcrObrtirBe1ek1 90 ctzumw e, b%i@h@ﬁseoﬁhiix{egdadw 808, e, G d | i ne
601) period (gach The ATRS - b %ngnal ofi line 120 is used the Attribute
T

control l'er 187 detgrodes) il allydRek Aike THFARMRITRFERAK 5;49na1$h@ LEPRRACTER
CLOCK si'gnaliiepn HutneilllBe Mess}g:faéa Hy08n& moT6SDCRT elﬂnhesomppéﬁddoeMND

bl ock 64. The timng of ATRS/-L.signal. on line 120 is shown in Fig. 7A

7B, and 7C. The -CYCLE REQJEST Si gnal on line 211 is used to tell the |ow
speed arbit er 23FhehAPRS/-Lrelanakamy Line 1180 nisetsed dybthe dttoitmed. conErel le@YCLE
REQUEST si gAal 10%ski N 2ad i 'ssaafé}‘iiad%‘} i%d\%&:@'s@ck e ~cHERECHEH B &f R

circuit 68 (SI gnhal “on |ine serves as an enable for the -CYCLE EST
signal . Th&lealcop Hme EDr apdidgnals 6PRand1 §1Quare the dapitisate ANP bleck
FREE ARB susgnalrhentimmg ¥l ATRS HNAkigralach iMfe 1d0alksi showhlidDPlg Cl7@CKTs,

e hi 11+ SRRy s SEREE edhe FART G AR CA ey e L e, S e

of operati ospeed slrgiﬂtdn éd ttjgattdnecm‘l gﬂrazlryowdllenmeﬁ%td»e:engeiﬂagmew the \J
Mil tipl e shibfefIdBorRaNs: qt Iy Rt rphed
into CRT Iatches 1GQ Fi qgee%ngé eéér@h&ﬁ%%& &E Si gnal on

line 119. AYEPYtaBf OFE eené’r €8 @ﬁmhgnvf%zh@nﬂyv%aaameemwfqr ¢heq
cycles of .- CHARMCRERUHSreenbl?. mhie0LGHEEOREJUEES Ss18h&1 JMT1 57D 224 Gr14§ESk | N
the multi pl%egggateer¥j%§e FREE ARB signal on 1line ‘212 signal is active, that is,
if DOT CLOCK frequency (line 601) selected is the master CLOCK 201
divided by 2, or if the shift registers 17 in Fig. 1C are programmed in
a mnltiple shift mode of operation as signified by the signal on line

615 being logical 1.

Multiple shift mode means that video memory 13 data need not be
strobed 1nto CRT latches 16, Fig. 1C, for every cycle of -CHARACTER S
CLOCK signal on- line 119. Available modes are latching video memory 13
‘data every 2 or 4 cycles of -CHARACTER CLOCK 119. ' - ' &ii

Signals on lines 618 and 619 are used in the multiple shift modes
as SecondarY'enables'thaﬁ'allow -CYCLE REQUEST (line ﬁll) to be
‘activated once ever 2 or 4 cycles of -CHARACTER CLOCK signal on line
119. AND-OR block 66 generates a signal on line 612 which is the final
output'bf'NAND”block 67. The signal on line 612 is generated once ever
- ~CHARACTER CLOCK (line 119) cycle in one of two DOT CLOCK (11ne '601)
: posltions. Which DOT CLOCK position is used depends on whether the DOT
'CLOCK frequency is equal to CLOCK signal on line 201 or CLOCK signal on |
" 1line 201 divided by 2. The DOT RATE s1gnal on line 602 selécts which



as .secondary enabl es that allow -CYCLE REQUEST (line 211) to be activated
onc@,;..gver 2 or 4 cycles of -CHARACTER CLOCK signal on line 119. AND OR
bl ock 66_generates a signal on line 612 which is the final output of NAND
bl ock 7.) The signal on line 612 is generated once ever -CHARACTER CLOCK
(l'ine (}I@ﬁ cysdoegé+pione of two DOT CLOCK (ljizne 601) positions. Wiich DOT
CLOCK position is used depends on whether the DOT CLOCK frequency is equal
to CLOCK signal on line 201 or CLOCK signal on line 201 divided by 2. The
DOT RATE si griaid portibmef6880-0R bixck ofjishrespoBEO186£6X] belecting the DOT
12 AND porti bl ock 66 is"responsible for selecting the DOT
CLOCK posi ti ?r%‘?e%r?%lr%‘t%dl?g'Mere DOT CLOCK signal on line 601 is the sane
frequency as CLOCK signal on line . 201, the signal on line 612 is the
I68$i c?l AN(Ej) of - &%Mah&eosggsa@al' i ﬁ'si.l@]?a% iﬁae%ﬂﬁ&saﬂcista:ge %Eﬂé‘aﬁrggﬁbdcityﬂe

. I'n nodes _whe . i.s half, requeng e
signal on Ii ﬁémgri%?ti gg;ﬁ??’b 8% 20ARCT 5 SEF a?’éelgﬁelqlﬁegsé"% 803 The
pur pose for \ofr yCHARACTER PDOCR isdgnalf osiljmal 1191 2nd ahd silypabfar @indC6QLE In
REQUEST on i ' her ik 2 G ji.S Lii O
arbitered CR'FB(?Y%%D:L’I}?I-%&COFES sucﬁb]t Egtﬂa}%‘%’eﬁ'@é aere %\?\iﬁyoorft errﬁér&gér‘br%in’or'%;r}ggé}gf%ls
avai | abl e f oront kineCPLR [ist thedogiedl & ofyeignalyiving Lpges, 608 f/ndhe0CRT cycl es
from bunching up and requiring the CPU to wait | onger at any given instant
of time for an available nenory cycle. The S/-L signal on |ine_ 118 controls
the | oad and shi f"EheoB‘é‘FP&PFOFProya‘f}ﬁ'é‘ngfe8°§jrﬁiP? egiEad, 612,7ap¢ Yhegefore,
The S/-L 118 -s¥gumIREQUEST & 11h8 213, i ahatieibhbynd\NAMD doltotdtesdifid pesition
ATRS/ -L sign on,l. S e of Jits i,pputs. .The ot hgr two inputs are
Slonal s o’ {hecpigRted;Cy FenBRl Diicd 3nbHRARE inflE e B (st el |
on~line 118 tychepHpeailablaTiE/ the SPYrkstyeem eachCRT2Cvalece Thierprevents the 4 -

- CHARACTER Cle@eKe C& i S i a o } by
toggle flip-fl ogsyu"%ls:F) 72%;@&%%?% rg?ﬁgggﬁguggﬁ@ézwﬁtt \}\gﬁ%g & Sty

( | , it ripple
count er "cl oclEé¥ ’b}“ﬁﬁ%“"sf’ﬁn‘&lmeoff’q PReapddable,BemqryncYclen | jne 608 is

‘The S/~L signal on line 118 controls the lbad and shift operation
of the video shift registeré 17 of Fig. 1C. The S/-L 118 signal on line
- 118 is generated by NAND block 74 and uses ATRS/-L signal on line 120 as
one of its inputs. The other two inputs are signals on lines 618 and
619 which serve as enables that allow S/-L signals on line 118 to happen
as ATRS/~L signals on line 120 once every 1, 2, or 4 -CHARACTER CLOCK
_ 119 cycles. Signals on lines 618 and 619 are generated by toggle
_ - flip~flops (TFF) 72 and 73 whiqh are configured as a two bit ripple
K_/ . counter clocked by thé signal on line 608._ The signal on line 608 is
chosen as a clock to allow time for the outputs of the flip-flops to
stabilise before ATRS/~L signal on line 120 changes. The OR circuit 69,
.AND circuit 70, and AND.circuit 71 are used to control the operation of
the flip-flops. With -SYNC1l signal on line 113.1 low, the flip-flops
' aré held reset and the S/-L signal on line 118 looks identical to the
.ATRS/-L signal on line 120. The -SYNCl signal on line 113.1 is
. generated by CRT controller 10 in Fig. 1C and synchronises the two bit
,éounter to the start of a horizontal séan line on the display monitor.
-SYNC1 113.1 is similar to the HORIZONTAL DISPLAY ENABLE signal on line
.'113.3. When -SYNC1 signal on line 113.1 is high, SL2 signal on line 604 .



chosen as a clock to aIIowtlrre for the outputs of the flip-flops to
stabilise before ATRS/-L signal on line 120 changes. The OR circuit 69,. Al\_p‘
circuit 70, and AND circuit 71 are used to control the operation of the ...
flip-flyps. Wth -SYNC1 signal on line 113.1 low, the flip-flops are- ‘hel d
reset ~ahd t Beo-He-b1isi gnal on line 118 |ookg identical to the ATRS/-L signal
on line 120. The -SYNCL signal on line 113.1 is generated-by CRT controller
10 in Fig. 1C and synchronises the two bit counter to the start of a

hori zont al sopdrsL4i sizrad ¢hdide WSagbmnltﬁnp-fﬁwcm Bb3. 73.i SThe SLRagignelt he

HORI ZONTAL g{.ﬁ“’g@zsﬂ\'ﬁ*ﬁb%ﬁ' 8i\ta108h AuBS o are sG)l(X?f‘é‘ 10 Giebutd @22k on line

113.1 is hi si gnal
13 and SL4 SPEtvareopraorammable xssisten. f I £he| Sk sianalngn 7bine 6% is| 2 si gnal

on line 6041a@££a$LAne$I ﬂﬂé}l meplﬂas ﬁﬂisamo&émgioet&gleoum%ﬁe QfigRaB @t War e
prograrrmablg |ster th ign n J{beo ine 604 is Io I cal one hen
o 1 op 73n< Y9B Giasates, o ‘Bine’ 18 obvP4 Phee G085 CMRSTHSHS L
signal on | FORARRCBER @Locxmgnmsemvhm; 11 Ooff tthe SMWE&WGI gsal s
on |line 119 h I I LCa Li p-fl ops

72 and 73 are g{)d‘? §n e'?déi?g %1%8’ H‘%(x:xggé ﬁ§etq%%§hf%§ f;‘&{#% ®fine 118
to occur onseusimeryhe‘ 6|er ﬁ@EPﬂA@IiEH-r@_@BK t@yew&r QMG(]GVQQSQ)‘-’O“FPGHA@@EBV\/S

the | ogic tRpdcrrRYEFesiR1ide11gfch interface control section of the nenory
cycle arbiter 11.7The signal CRT LATCH on line 111 is generated by NAND

bl ock 32 which has inputs MJX on |ine 204 and a signal on line 301 which is
the output of shifl 3 egowd &heSILglIh&duﬁfardsgapltmm&ﬂdnei%&fawtdba{:foﬂ he

shape and tinm of LATCH SI nal_.qn _line 1, | nal ,on line
301 is an efRaprens? Q%ST 'f'eﬁ‘otryl%y ?”&’3&% rlgrh tl%h 3\% F}’%?ﬁéa gﬁaf‘ Bh 1ing
219 del ayed1by ishgener@tSTRy( NANR b2OdK 3gewhizlishas linputss MO | 1imen 204, angPa
LATOH i gnaks gyl bRO hi2sdsd vfiEdPig exb Biedii B bémis £id1p0dIE sp1P U ity NAND
33 are fed MUX s I ne an e si

|ne 301, as well as

- CPU READ sﬁéﬂ'&ﬂl gm } nﬁ_ez%6°a'|"ﬁ91§_ hhes sherg asd 4 354CR'1TH!§TC¥3F’39FGN9"

signal on 1ine 111, while the signal on line 301 is an enable signal that is
derived from the ARBITER OUT signal on liné 219 delayed by three CDOCK
(line 201) periods. In a similar manner, CPU LATCH éignal”on line 112
is generated by NAND block 33. Thé inputs of NAND 33 are fed by MUX
signal on line 204 and the signal on line 301, as well as -CPU READ
signal on line 106 and the signal on line 304. The'—CPU'READ signal on
line 106 is a control signal fram the CPU 2 that indicates the CPU .2
wanfs to read video memory 13. The sighal on line 304 is the output of
D flip-flop 36 and indicates that the current video memory 13 cycle is
actually being used by the CPU. CPU/CRT signal on line 109, used in '
Fig. 1C to control MUX block 12, is generated by NAND block 43.

If ﬁhe.current memory cycle is arbited to the CPU (ARBITER OUT on
line 219 high) and if the CPU is actually using the cycle (signal on
line 303 high) then CPU/CRT signal on line 109 will be low selecting the
CPU address input of MUX block 12. The WE signal on line 110.3 is a
control signal to video memory 13 that indicates a Write 6peration. The
WE signél on line 110.3 ié generated by AND circuit]37 which has as
inputs a signal on line 304, -CPU WRITE signal on line 107, and the

signal on line 301 all of which are enable signals, and a signal on line



Ilne 106 is a control signal fromthe CPU 2 that indicates the CPU 2 wants
to, read video nenory 13. The signal on line 304 is the output of D

f||p “flop 36 and-indicates that the current video nenory 13 cycle is :
*act ual | y~bei ng used by the CPU. CPU CRT signal on line 109, used in Fig. 1C
to control Eﬁt ,-1s generated by NAND block 43. If the current
menory cycle I's ar ed to the CPU ( ARBI TEEQ QUT on line 219 high) and if
the CPU is actually using the cycle (SIgn_aI on line 303 high) then CPU CRT

signal on |iBgo WfcNidohtisrd %%ﬁhﬁ&taha {18 Q%Utﬁéidﬁe&gdampw 10he MY, | ock .
12. The WE signal. on'line 110.3 is_ a contral ’gnal to video rrermr‘éilm t hat -

i ndi cat es -a. WS Perdbed 301 %3%%139%9*—5# £ #bpYer yhile GERE YRIEH by
AND circuit 8ignsii cﬂn liae 1Y ifplksniroli givdlal ofronmi tiee 3Pd, tha€PlhdiBhtds shamal
on line 107, | al o I|ne Q1 all of, whj re.enahl.e s als
and a si gnal l?e %Ipi nvéan %Cgrt EE e0” memory :{3. ‘i‘he sggnal on b.li{nﬁ %(8% V\,h ch
controls t hetbﬁhdpeimethfrrMWg Stifgnah@nV\Elr&l 313 es delenchyl YOI mSnepryall3 on

l'ines 301 andiﬁoé}oas&iaé &eﬁélﬁeﬂaﬁmvane\wwq 3P MEﬁa&maLn@ewae
107 is a control nal fromthe CPU at indicates ‘that the CPU wants to

wite to vi débume cygle b?ﬁ%r.eng%aﬁweﬁl enbingdlf-2 gere LBRFEYR. ORPEE MUX
signal on |iefmibyOfck ¥8 simalbyh 1iskLQ10PNweytsd Widdo Bemciet 1y @yRamidARAM

signal on I|ne and i actl e one CLOCK (line 201) cycle before
CAS si gnal %gca?&@ g&&‘o@g 4% %t‘f’\} ec ﬁFs timng for WE signal on line

110. 3 rreets a video nenory 13 dynam c RAM specification for an early wite

cycle. READY. Si 0hod s rhd1® of O oSy LS A2t NANRNE! Ofcxc s 33 FOLLORS -

In the inactive state ere - READ" si ne 106 and
s¥_ﬁnal on | i f@ the7ingctive £ety here gify [ﬁ’:ﬂ"&é kon 2ipe {196 sandh 2CRY $RATE on
e 306 | owsigraesd i13ge Qo7 bie fihe@sived (i) 4 Gansrshdenl 44 aeivdz e Highal on

I|ne108act|vi§gk) V\henth CPU qusts Wéj %%ccle’by
activating ?ﬁ% F@‘ﬁ’alreﬁ?‘lttl PRSP fjdgp tl% T‘% s‘i"ﬁégl 9| g‘ﬂ*@ 107
the signal osaidrialeorBO8neild8 gotivegthighdl. REABY thegORll requéstsea MiSeaimemogy
' naCtl ve (l Ofﬁ CQEES ﬁ;DEE¥!Jaki£§“-EE@JﬂﬁABrgadﬁgiréinizne 106 or -CPU WRITE signal
on line 107, the signal on line 306 will go high and READY signal on
‘line 108 will go inactive (low). The CPU will maintain the current
states of -CPU READ signal on line 106 and ~-CPU WRITE signal on line 107
'until after READY signél on line 108 gces high again. The logical 1
state of the signal 306 will be latched into D flip~-flop 35 by the
signal on line 302 which is the AﬁD of ARBITER OUT signal.on line 219
and ARBITER CLOCK signal on line 206. The AND circuit 34 performs this
- function.: The signal on line 302lis a clock that occurs when the next
k“/ " . wvideo memory 13 cycle is available to the CPU. The output of D ° _
' tlip-flop 35 is presented as data to D flip-flop 36. The trailing edge
of CAS signal on line 110.2 indicates the end of the current video '
memory 13 cycle and is used to strobe this data into D flip-flop 36,
forming the signal on line 304, which when high indicates that the new
‘current video memory 13 cycle is being used by the CPU. The NAND block
38 uses Signals on lines 304 and 301 to enable RAS signal on line 110.,1
" as a clock to D flip;flop 39. The trailing edge of RAS signal on line
110.1 of the CPU video memory 13 cycle latches a logical 1 into D
-flip-flop 39. The signal on line 307 goes low resetting D flip-flop 35
and signal.308 goes high. The trailing edée of CAS 110.2 clocks the



states of -CPU READ signal on line 106 and -CPU WRI TE si gnal on |ine 107 _
.until after READY signal on line 108 goes high again. The logical 1 state " .
of the signal 306 will be latched into D flip-flop 35:by the-signal on line -
302 which is the AND of ARBITER QUT signal on line 219, and ARBI TER CLOCK
signal on line 206. The AND circuit 34 perfornms this function. The si gnal
on |line 3028G%88-®lock that occurs when th2 next video memory 13 cycle is
avai l able to the CPU. The output of Dtllp rop 35 is presented as data to

Dflip-flop 36. The trailin ge of onI ne 1 icates the
end of the r BHtTey P es&gﬂigmfo oYt %’p 4°Use€fvf'%g s%?%%e3pﬁll§wdata |
into D fli pardd ammﬁslmmnglmhel@ el J@ﬁi¢ahieg3(m thwﬂliﬂhtmmhhlweo

i ndi cates t r c e S Vel he
PU. “The: NABEET o5 SEHE e Rl L0 BRTRELL Shgfulet of pfPLIVhalSHE 12fe
signal on |3fe21vidlialse gle¢lod et’e?“DsFﬁepS’fl%ﬁléa'ﬂWh%s PREPY dgtedye of

RAS si gnal mpl-fr@p %&Otrilereiay tdi@v i eré GAQnEL T8N Yide3 30¥C1da:.l amt@esmultogl cal

F1ip-11op 2etknaetaiinin iis Yase wivgh, -, BEAD BTFRan, SELESCH00RS e 2

cl ocks the WRITBCQi-geﬁa.Od:fL line 107 are both high again. 2% hizighpeixatt &AND kdiogkal
308 into D I 4 d 0 n g%ﬁq _ i ne
108 high i n cag‘ i’ n%?'??)q:thﬁ g%’i ﬁﬁﬁe 0\?l govL gﬁgﬂ? Fe cg ?Qﬁb ﬁ%pk
conpl et ed. %@ndr%ﬂ | Brdy T@ég@%ﬁﬂ%séﬁgﬂapnﬁqel Hes Meh 2th\EPWh FPNB 4-ock -

the |ow stapf @irddil! an l@iRla 135 18 UiH2Y! st dteOuiR ift! the fdPBPag¥nt mrleb«egdu-cm ng
the signal on line 304 |low. The circuit wll, K regai.n. in. hg)ls state%

- CPU READ sTgiRapigili P 186l q% or SEUWREEE §5r‘1jﬁga oty Hipe 19710 THREe i h high
agai n.” At tvideopaxbiiteNAdnibbr lthd 2staite| ofti scyeert Besplaynand eheh iitei806 | ow (J
agai n, resefll p ol di DY,.si on line
108 high théo rﬁiﬁé\lbh%i th%h%“%?”r‘% Pf% quag 'Q’Q' QULQ, ?Eé ¥gtéac'fgétgjail'jnt| | the

CPU agai n ae!ablade@ heory) tRe/EYdegericyohes |1HeW1'§G’G 'ehe screen/\RigElay s dioton
“line 107. ThMSvethe video arbiter nonitors the state of screen-display and
when |t is determned that the screen display will not be active; the CPU.

is ' _ : _
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Eer_l_abl ed to gipvgeidia cycle or cycles in whigch the screen display is not
,active. BC9- 86- 011 _ - 16 ' conput er
;system including-a video subsystemfor controlling the display of data on a
cat hode ray tube display device, a CPU (2) for controly ' f the
system and operabl e to access a video Gkaimsy (13) for”mm"nmj rﬂ;,"’CRT
data between the video nenory and the CPU, a video controfFl er oper abl e
to access the video nenory to retrieve CRT data therefromfor displaying on
t he display device, video arbitration nmeans (22 to 28) for arbitrating the
access of said CPU and said video controller to said video nenory;
characterised in that the video, arbifration neans (22 to 28) i erable to
enabl e sai dt'vi deb SCBRTTRS| FEtepinglp 8y eViﬂ’é’Byéﬁﬁ‘f‘o%V 5’82‘5’”3119’98 the
request / ackdispleygpd datsi 6n ardtlicdecrsbltebs dildp AU éwicas ce SBUsE ) far deo
menory bot | ' a I en 4 14S, | [ ; during
non- di spl ary1°°§§%+ggi“g§5e%§%“s§§&é% %%g\ggd%ﬁggf%&g%i%' &?@e%urfxﬁ'élrﬁgg

char act er i Jeamory (182t forathe drapifey ok FRElqte bpfwean|thej nideof pymeryspeed node

and a Seconghd tRWVePy, SDeeded R AN UeSi10) \Wpdesb R bb tdcabéPhabaited S -

operable for the first, spe node,. t o _enabl e access, of the video
control | er 2HTQTY H& %jf&gtq%g At EhereRERy g8ﬁ ‘gisf’?i%i&gc%ltgeassi gnnent

basi s wher ehlgpline debPitd,s viduwb helsli tirat i chunéamc 2% Tod28) fgr aadigretdngPU cycl es
and CRT nonsdi spl Lat e ' sl ] troller
cycles, an ﬁes§§%e%¥a%€§,%i¥?rﬁt%&ssgg%r‘{ggé%gga m&g?ﬁogéﬁgﬁgggccess of the
vi deo cont rasmpeyY; t o t he video nenory on and request/acknow edge basis. 3.
A system according to laim2, further characterised in that said CPU
enerates control signals for said videq arbjtration nmeans, definipng screen
a rates to esthaspriarised dnsphak thy vigeq ?Eiﬁ?&l%é@anw&g 1‘°4.285] sp
syst em accospdiraigld @o Grmbile Zadd idabnedhtiolleteto ceassciseid sdded memory on

a request/acknowledge basis, and to enable said CPU to access said video

memory both during CRT display cycles when the CRT is inactive and
during non-display cycles. '

2. A sysfem according to Claim 1, further characterised in that said
display device is operable in a first speed mode and a second, lower,
speed mode and said video arbitration meahs is operable, for the first
speed mode, to enable access of the video controller and the CPU to thke
video memory on a fixed cycle aséignment basis whereby the CPU is
enabled for such access during assigned CPU cycles and CRT non-display
intervals but not during assigned video controller cycles, and is

_.operable, for the second speed mode, to enable access of the video

controller to the video'memory on and request/acknowledge basis.

3. A system according to Claim 2, further characterised in that said
CPU'genefates control signals for said video arbitration means defining

-screen data rates to establish said first or said second speed mode.

4, A system according to Claim 2 or Claim 3 further characterised in
that said video arbitration means includes a high speed arbiter
comprising a counter for establishing fixed cycle assignment of access

to said video memory by said video controller and said CPU, a low speed



that said video arbitration neans includes a high speed arbiter conprising.- $i
a counter for establishing fixed cycle assignment of access to sald V|deo,d |
menory by said video controller and said CPU, a |ow sm ﬁl&@ 86-011 .~ k

17 L arbiter corrprlsmgalatchfor
request / ackngvy.adgeyyent enabl ement, and a gyl ti p ng said

hi gh speed or said | ow speed arbiter for menory access cortro 5 A system
according to any of the previous clains further characterised in that said

video arbit rﬁﬂ&ax redapiding! adasch qg:ircemmssﬁm; S keqiedl /dknbd Dédigaerdd

tical di | t tl t
tertical O SBlateetall &P RS Lot Be: GRl LSSl SRS, SELtd e Ohel 58S VS
arbitration speedn&tticheerﬁmrl merCRY amessscdngréhe vi deo nmenory in the next

subsequent menory cycle when the display enable signals: indicate ‘an

I nactive display tine.
_ b. A system according to any of the previous cla:.ms further

ch'aracte_.rlsed in that said video arbitrationemgams includes logic mesas,
for monitoring horizontal and vertical éiépiay' enable signalé for the
CRT to determine active ‘or inactive display tzmes to prov:l.ae a memory
ass:.gnment signal to the video arbitration ae-au-s- to enable CPU access to
the video memory in the next subsequent :_nemory cycle when the display

. enable signals indicate an inactive display time.




