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The present invention relates to digital display systens and in-pafticular
to such systenms which enploy a raster scan display device. Digital display
systens for use with conputer systens are well knowin. In many graphics (.
systenms enpl oying raster scan display devices, the all points addressabl €
or bit plane systemis enployed. In this system data is laid out in a
refresh store such that when it_is.tead. o or . di_sp] 2 ccessive data
groups fromthe store relate ¢ -y . S ements on the
di splay. One of the early descriptions of such a systemis found in an
article entitled "Conputer G aphics In Colour” by Peter B. Denes, which
appeared in the Bell Laboratories Record, May 1976 at pages 139 through
146. Many current mcro conputer systens enploy the all points addressable
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Laboratories Record, May 1976 at pages 139 through 146. Many current

micro computer systems employ the all points addressable system to
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generate graphics displays. One example is the Personal Computer
produced by Intérnational Business Machines Corpo:afion, when
incorporating a Colour/Graphics adapter card or an Enhanced Graphics
adapter card. Most of the known systemé can be switched to provide
different display definitions, including different numbers of picture
elements per raster frame, different numbers of display lines, and
different numbers of available Colours per picture element. None of the
prior systems, to Applicants’ knowledge, have employed an arrangement (
swiféhable between a first mode in which data is extracted from a
refresh store at one frequency and transmitted to the display at the
same frequency and a second mode in which the data is extracted from the
store at this frequency but transmitted to the delay device at a
frequency which is an even dividend, for example half; of the extraction
frequency.

According to the invention, there is provided a digital display
system for driving a raster scan display device, including a refresh

store (10-13) for storing picture element data at locations



2 corresponding to |locations of associated picture elenents on said display
devi ce, neans (14) .for reading consecutive picture el enment data groups from
said refresh store at a first clock frequency, and neans (21-24, 31, 58)

for co rting said data groups -to picture el ement drive signal groups for
the display device, said system being characterised by: sw tching neans .
(35) for switching said neans for converting between a first node in which
each said data group-is converted to an individual picture el enent. drive .
signal group deFexzespendisgt te lorationy ofcpsseciated pidtuder glemsngs konf setfiency,

and a second nMDdfsgiayiévibe| Glehhs (WS for rbsaiRgPQhsbbtiQvb B RAGFS STUEGAS VL
data groups are conbined to - .generate an individual picture elenent drive
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coupling a.centbwd processing unit to a raster scan di spl ay device; Figure .
2 is a detailed diagramof gates and a.combining circuit enployed in the

Figure 1-system Figuré 3 is a block diagramof a selector circuit enployed
in the Figure 1 sysEehtching m=ager 35) £on #witahing fadd waensnforoponyarting o

registers-used bérvwedf &ifAvE€ mbasysd amém R8¢ daBdaaath m@aﬁ ean-}mae% an
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10- {%for storlng, respec 3 representing rent
conponent s of sPepa¥asean diidqigpala)pégture element drive signal group delivered to

: the display device at an nth sub harmonic of said clock frequency.

A'preferred embodiment of the invention will now be described by
way of example with reference to the accompanying drawings, in which:

Figure 1 is a block diagram of a digital display adapter for
coupling a central processing_unit to a raster scan display device;.

Figure 2 is a detailed diagram of gates and a combining circuit
employed in the Figure 1 system; ' '

W, Co Figure 3 is a block diagram of a selector circuit employed in the
Figure 1 system, and - : : , .

Figure 4 shows the data oontent of shift registers used in the
"Figure 1 system in one mode of operation thereof. ‘

- Figure 1 is a block diagram of a digital display system embodying
the invention. The system has input lines coupled to a central
-processing unit (not shown) -and output lines coupled to a cathode ray
tube display device (not shown). . The system includes a refresh store
'comprising four planes 10-~13 for storing, respectively, data



Thus, for exanple plane M) (10) stores red conponents, plane ML (11), green
components, plane M2 (12), blue conponents and plane M3 (13), intensity
conponents. Data is stored in the refresh store in all points addressable’
(APA) configuration. In this configuration, bytes of data are | ocat d\ln

~ the planes at 'l ocations corresponding to $he positions of picture el e®ents
on the cathode ray tube display. Thus, for exanple, at the start of a CRT

scan, four selected bytes are read si mul t aneous| y fromidentical |ocations: .
in each of ¥SREeFANYARS GELerRIt eplossrcamperentsont signels torbe fisplavade.
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first eight picture el ements of

Subsequent t he tes at an-
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therein. 1In the forner case, the initial address Tor a displa frane is
the first dir 8t P &CRT fACARe TAUT SRESCLP] bURes agpcread) pimyltanequely case,
the initialfredidemtiédl locakidpsath *‘e&anbfna;e Peadz06£ that réfreeh attord, amdr ess

within the rq:fr&s g;a{é%a%nyfmeaﬁrlgbn&s |n|t|a‘lfwr-ﬁadgreqsﬁ:f‘;lf g)uframe to

frane, panm ng and ani unc Genti al
refresh st m@oaachmeéeeé-ntensmm@ﬁ ﬁgetﬁ@suldmh&ypmuae felementisi of dther e are
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~the refresh s ore t hr oug dress |ines . CRTC system 14 may be .of

the type wc%s45n#ﬁﬂa+saeeaﬁéfdsyswsrla=& Fméeﬁ%&hmplser @A(eDl 1 ed in X7
known nanneinteysitynot ﬁiegﬁahsemtl pmeau(eneien&haywsf tw@hsﬂayg otagk and

control |ines, from{; centtrg ﬁe% : un| r g Ci t dldr ect
connect i onBEEAR SRR EHIRSP L2 ? P §ﬁﬁr%§ F'P?ﬂ p v@e &t dehinednaRd not |
been shown.dibpdayed; orPrrending onothed definitbon ©8, thendisplaydand tbelssiaadof '
address bUSuya0PAAGIEh Ore P! (HA2RAYA 0 A iSR! EAGR day WIEAUORLA QL i pl exer

system These . connect1 ons permt t he cent processor unit to access the

refresh stofefresh istexs rahel stpned éndatmrséorbefdﬂ@ pdgregsable locations

.therein. In the former case, the initial address for a display frame is i

| the first address of each plane of the refresh store. 1In the latter’
case, the initial address for a display frame may'be,chosen,at a
selected addreSS-within the refresh store. By-changing~this initiel
address froﬁ frame to frame, panning»and-animation*functions may be
performed. ' The sequential refresh store addresseées for reading the

. Gisplay data from this store are generated by a- cathode ray tube '
controller (CRTC) system 14 and applied to the refresh store through 20
‘address lines 15. . CRTC system 14 may be of the type MC6845 manufactured

by Motbrola Inc., and may be controlled in a known manner by input
signals on lines (not-shown),.including clock_ana control lines,-from
'the central prOcessor unit. For simplicity, direct connections between
the refresh memory enﬂ_central processor'unit-have not been shown.
These connections would,. of .course, include data bus and address bus
.connections, probably tb'address lines 15 through a multiplexer system.
These connectioris permit the central processor unit to access the
refresh store to insert and update data to be displayed.



4 The present invention is directed to an arrangerrent for enploying the
data in the refresh store to provi de different di splay resolution signals,
Rot h W|th respect to the nunbers of- picture elenents in a display frame and
t he nu, er of avail able colours for each picture elenent. As an exanple,
‘three sW t:chabl e resol utions will be described, the first two providing a
640 x 200 picture element display with 16 or 64 col ours per el ement
respectively, and a third provided a 320 x 200 picture elenment display with
256 col ours’ per el Ehepresditr squtiomésogiar@te@rtW\Mrarrmeglth diori employing
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serial out put s rom regi sters ar cked t hrough synchroni sing
gates 26 t hr oupdrtoge tejepent iddepinyr withe 254 %1P“¥ﬁpef§1lewfpal ette register
system 31. This register system conprises sixteen regl sters | oadable from

the central processor unit (th h da a d contro shovvn and
sel'ected by the 4 Bi¥stiyp fhe o %%F@% e By 165 ?E&e‘?h}’% o
out puts are apﬁd;deedimla &mihegajsefﬁ:’m anrhgiseexslaecidmbhf rena:.tres sangalm;dsby

cl ock signals on line, 2 cF%g%%rg W c@n@g} gﬁéﬁgégﬁ} e‘sJectJ v t§4d)§: bsy h

gates 32 and 3§° & &° 'é ough I nes to a
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regi ster over Lé#f@shlétore plane, is fed unchanged to; shift_ registersn21 through 24.

_'shift registers 21 through 24 are clocked togetﬁer‘hy'timing -signals on
a line 25 from CRTC 14 to serialise the receiveﬁthytes. The serial

- -outputs from the shift registers are clocked tﬁrough synchronising gates
26 through 29 to provide parallel 4 bit. inputs to’ a palette register
system 31. This register system comprises sixteen registers loadable
from the central processor unit (through data and control lines, not
shown) and selected by the 4 bit inputs. Each register stores 6 bits.
The 6 bit outputs are applied to a 6 bit gate 32 and are- clocked from

- this. gate, by clock stgﬁals on’ line 25, to a.further 6 bit gate 33. The
outputs of both gates 32 and 33 are applied, through lines 34 and 39

) respectively. to a combining circuit 35i The combining circuit also .
receives 4 bit colour select signals from a register 36 over lines 40.
These colour select signals are applied:to register 36 from the central
processing unit over input lines 37.l Combining circuit is controlled by
mode signals from mode register over lines 16.

_ Figure 2 is a block diagram of an implementation of combining
circuit 35. : This figure shows the gates 32, 33 and register 36 of
Figure 1 with their six, six -and- four line outputs 34, 39 ‘and 40



Figure 2 is a block diagramof an inplenentation of conbining circuit 35.
This figure shows the gates 32, 33:and register 36 of Figur.é 1 with their
six, six and four line outputs 34, 39 and 40 5 respectively. ; These
‘lines are selectively coupled to eight bit gates 45, 46 and 47, the ﬁ;ght_
bit outputs of which are applied throughslines 41, 42 and 43 to a coni¥o
output 44. A selector circuit 48 is responsive to node input signals from
register 38 (Fig. 1) over lines 16 to provide an output selectively on one
- of its threespastively.i fthesg1lings ae seledtdvely covplied tay edght dittdategat es
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its -Q out ck_to it % Egﬁ cl ear ut tao latch
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I's, with colour -outputs -conprising four.bits fromeach of registers 32 and

33 and the full clocking frequency is used with the. other nodes
Referring back again to Figure 1, the output: of combining circuit

35 on lines 44 is applied to a gate 54. This gate is clocked either at
the clock frequency of the signals on clock line 25 from CRTC 14 or at
half of that frequency. This half frequency is developed by a latch
circuit 55 which is clocked by clock line 25 and has its -Q output
coupled back to its D input. The clear input  to latch circuit S5 is
"coupled to a display enable (DISPEN) line, which will be described

later.

A selector circuit 56 determines whether the full or half frequency
"clock rate signals are applied to gate 54 in response to mode_signals.' (;)
- from mode register 38. As will become more clear later, the half

frequency clocking is employed with the output of gate 45 (Figure 2),
that is, with. colour outputs. comprising four bits from each of registers '
32 and 33 and the full clocking frequency is used with the other modes

of operation of the system. | I

_ - The eight bit signals passing through gate 54 are employed to drive
a colour look up table (CLUT) 58. This comprises 256, 18 bit registers_
selectable by the eight bit input signals.. Of the eighteen bits in the
registers, six drive a red digital-to-analog circuit 59, a further six,



of operation of the system The eighf bit signals passing through gate 54
are enployed to drive a colour look up table (CLUT) 58. This conprises
256, 18 bit registers sel ect abl e by the eight bit input signals. O the
eightegn bits in the registers, six drive a red-digital-to-analog circuit
59, a further six, . 6 a green digital-to-afalog circuit 60 and the | ast
six, a blue dlgltal-to analog circuit 61 which respectively provide red,
green and bl ue analog output signals to drive a colour cathode ray tube

di splay. As neft PEREddigidad-tananaley sirgiissthend dihei RS Adx+ RePBier ati on of
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output i's directed unchanged to clock gate 54. 1In this node, the col our

sel'ect register 36 jr
remai n const ant forﬁg%%%%%%éllag tg'tadaﬁ'%L B{LF%W éird%r%gﬁ%tﬁ? %Jl?%ﬁirog
be di spl ayed thee%@ﬁe@fWhFhe%mrpé#ﬂgoéls 6‘*13h’s QO@nEiQﬁqu efepents,ol6 tQQ’éO@_@I‘Fde-
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"In this node, however, there are only I xed bits from.colour sel ect
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refreshing on the cathode ray tube, so that each 1line of picture
elements on this tube is displayed in turn. This mode, with four
.variable bits for each picture element, provides sixteen different

colours on the display.

In a further mode, operative when gate.46'in Figure 2 is selected
and again'ﬁsing the_fuliwfregqency_clcckipg,-640 x 200 picture elements
are'egain displayed. In this'mode.-however, there are only two fixed
bits'frcm:colour select register-36-and gate 46 is supplied-with all six
colour- bits from'gate 33. Accordingly, in this mode, with six variable
‘bits for each picture element;ZSiity four different colours can be '
displayeé. |

Inlthe system as described s0 féri_the refresh memory, parallel to
serial shift registers 21-throc§h 24,. éelette system 31, colour look up
table 58 and digital to analog circuits 59 through 61 all form parts of
known digital display systems.

The present display system is distinguished from those shown in the
prior art primarily-by the combination of the two gates 32 and 33 in



In the system as described so far, the refresh nenory, parallel to serial
shift registers 21 through 24, palette system 31, col our | ook up table 58
and digital to analog circuits 59 through 61 all formparts of knpown
digital display systens. The present display systemis distinguished ’ﬁ m
those shown in the prior art primarily by7the conbi nati on of the two tes
32 and 33 in 7 Figure 1, the gate 45 |n Flgure 2 and the npde sel ectabl e

cl ock fregugn 4 in Fi | n_the present enbodi nent,
all of the;%g‘%%(ri' ﬁﬁ‘r&g Bf‘a@igf’ﬁe Gﬂﬁc@eam%‘?%ﬁﬂa%}’tﬁﬂﬁcézﬂ‘x 200 .
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sel ect aEI e %ghg@ﬁ éﬁ%m; Qg;é?%a%} @o aga cfSa HE ?’é "’i’)‘:gvﬁotﬁem@onbl ni ng
Circuit whiRiFtrze edppentsdeaghivithe ahahéicelotltwbrlaqueetpnﬁrﬁmtbashh 55 whi ch
i's sel ect ededlpupsl ector. 56 to drive gate 54.. \When operating in the third

node, the data is read fromthe refresh store, passed through the parall el
to seriatl shift registers 21 through 24 and gates 26 through 29 at the full

clock rate. .The g:heqaméputeabwhifeaastﬁehszmad 266 %i&&ﬁ‘é&féme‘ﬁlﬁsxﬁdﬂ@ £d toBich

I t 32fro ich t ass to gates 33 at-
CPRT o) it iclaiiBihnd 0 £ 4% 300l 0 U fRts A eRERS B e o
“bit output cesmbiming ﬂ&@tgﬂﬁsh@s \shiedtedsarapphe dalf hrlook hfdeiqaescyd rdnp gat e
54.  This. calkeniss ummermbege@tyaséle«awrs%ytmkg af.wesﬁg' ocki ng

frequency of the circuits up to.thigs, polnt Accor at passes
through this gate to CLUT 58 is €achidlternate group of eight bits from

gate 45, or in mtelaeopwaltdﬁg inntk ehsid Q;aa%pfthé &ith Qé'trﬁﬂé ngtﬁoir?beoﬁé%rsﬁt
o conbi ndiSFs: HapRed SHFOGRAE AR e Lak) (AREll 2pLFC Fpafees ofi ChEeusRDI o
. bits, -and TR4 ﬁmk@étes t26: f-hmughe?ﬁ atecthe3 Gull eluaedrate.achrhgrgaué ditpltd S
addr esses %9;8 ttﬂ@ ;%igttg%éigtrﬁ' éﬁt‘é&% which 2 SSP Qgs )éixeba‘(thogtp% lsa'yed
_ " to gates 32 from which they pass to gates 33 at the full clock rate. |
;"Four bits from each of these gates make up the eight bit output of gate’
" 45 (Figure 2) which is ~applied through lines 44 to gate 54. This gate
is now operating: at a frequency half of the clocking frequency of the
circuits up to this point. Accordingly, ‘what passes through this gate
to CLUT 58 is- each alternate group of -eight bits from gate 45, or in
other words, in the: stream of 6 bit outputs from palette system 31, four”
bits of each even and four bits of each. odd numbered output are combined
to form each CLUT input. As there are a full eight variable bits, and
- no fixed bits from register 36 are used, each group of bits addresses
- any of the 256 registers in CLUT 58. Accordingly, each displayed
.picture element can have any one of 256 colours. If the display is

scanning at the_seme frequency, as before, halving the frequency of CLUT
addressing'from gate 54 meens'that only.half'the uumber of bicture
elements:are_ formed._ .Thus, the'cathode ray tube will ‘now display 320 x
200 picture elements, but each element will be selected from 256
colours. _ -

In the above description, the functions end_structure_of select
circuit 17 in Figure 1 was, for siuplicity,-omitted. This circuit is a



6icture el enent can hayve any one of 256 colours. |[If the display is
scanni‘ng at the sane frequency as before, . halving the frequency of CLUT
addressing fromgate 54 means that only half the nunber of picture elenents
“are foined... . Thus, the cathode ray tube will now display 320 x 200

~ pi ctur&el-erents, but each element will be sélected from 256 colours. In-
the above description, the functions and structUre of select circuit 17 in
Figure 1 was, t '
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bit mani pul at I'on techni ques are necessary. These techniques, however,
become conpl exPERREAt pRistengreaph (atoRed dyts %arﬂ“ﬁ“ﬁu‘l’%téél"edmée Riteef eéy"%t%fm

17 enabl es theeigtr ﬁf&hﬁ:&oéﬁnéﬂt @20k Yroubyl eacédra@agly, pixar&aeeaﬁhcﬁaﬁge the
containing two_ four. bit i f pggureiele nt da In the first_and :
second nodes, fH& £8F &£ CBH B’ Jenipplacion teg R PHRaPRERERAEY -  Bhese
wi t hout changetecmdquéa.shwmm eecbrereompling ahexs peios o bitsbhdwer ¢p he t h :
each byte in Fgéant aining eight bits each representing .one bit of

di f et ent pi cture elenent data. In the third node, the data is stored as
bytes, each containing two four biit groups of picture el ement data. These

bytes are read fropghe 1869 @Rdtaw 1b0&aﬂ1ea&hbnr&&e§scs¢bwetophmn Bytds. in
for exeunole | Laéd1%l;ne;sgach byte containing two four bit sets of picture element
data. In the first and second modes, the select circuit passes the data
from the refresh store without change, and this picture element data is
~ stored as before, with'each byte in a plane.containing eight bits each
-representing one bit of different pictore element data. In the third
mode, the data is stored as bytes, each containing two four bit groups
of . ‘picture element data. These bytes are read from corresponding
locations_in'consecutive planes. Thus, for example, if the first
location to be read out for display is o, the first byte is read from
, location 0 in plane 0, the next from location O in plane 1 followed by
L~/_ location 0 in plane 2 etc. ‘For both CPU and CRTC accesses to the
refresh memory, the two lowest order address bits now define the
selected plane, thereby chaining the planes together.

Figure 3 shows an embodiment of the select system_l7 of Fiqure 1.
.At the top of Figure 3, four memory data registers 62 through 65 coupled
to received data from menory'planes MO through M3 respectively. The
data. registers are connected through sets of gates 66 through 69 or 70
through 73 to the shift registers 21 through 24. ‘Signals on a mode line
51 (see Figure 2), which are generated for the 320 x 200, 256 colour



| ocation to be read out for display is O, the first byte is read from

I qcation O in plane O, -the next fromlocation O in plane 1.followed by

| ocation O in plane 2 etc. For both CPU and CRTC accesses to the refresh
nmenory, the two.lowest order address bits now define the selected pl a\ﬁ

t her eby .chai'ni ng the planes together. Figure 3 shows an enbodi nent of he
sel ect system 17 of Figure 1. At ‘the top of Figure 3, four menory data
registers 62 through 65 coupled to received data from.nenory planes M
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gates 66 thypupdteRrd¥ tZQ Meemew(m t%safg]é ersfll 8h Sli%ed s BROUGh 24.

Signals on a node 1ine 51. (see Figure 26 are generated f.or the 320 x
200, 256 cdifpfifgure @ cﬁr§p¥%ﬁ¢ fpppable ga %ﬂPeMGBa s Bethardghh 69.
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picture el enent . definition nmo each gate Ses two bits
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eac group grom.a di eren nory ure SNOWS e | ransrer
ar r angenentt° ggrﬁss il F§°‘§9ngeﬁgmtahgf#%ﬁn§ r‘f@ f%%ers 21 through 24 with

t he seri-al output- I|nes to the right. of each register. |In each reglster
stage in Figure, e tiy the
remory pl ane. ang e Mk A chindeBl derBfodlell, "IRLS AobED SRR 1B

hat ;
ol ane, |t \ior $hifkcresiBbera RAtthriongh e Bbh £he OTHAL ppagutmwees thethso| ohr’
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groups of four bits each.fromthe shift registers. -Loo |ng at_the bit

confi gur at iR tept #Fg’cﬁbélhed Py mp wheze p Fﬁa’feﬂeﬂés f‘ihﬁs‘l‘em plane and m
represents the bit position of a byte read from that plane. '

Tt will be recalled_that, in:the:32d.x 260'display mode, the colour

'of each picture element is_defined.by'eight.bits comprising;two | _

' consecutive.groups of four bits"each from the shift registers; Looking
at. the bit configuration of Figure 4, it is seen. that the first two |
groups of four bits read from the shift registers comprise a full byte

‘of data from refresh memory plane 0. This byte is followed by bytes '
from memory planes l; 2 and then'3;_ Thus, ‘the refresh store planes may

- be chained with each byte in a plane representing the data for a . \;J.
complete picture element. aAs mentioned above, the planes can then have

' consecutive picture element hytes in sequence whereby they are read out
from plane 0 through to plane 3 and then back to plane 0.

In the above description of Figure 1, it was stated that the DISPEN |
input to latch 55 on line 57 would be explained The object of this
input is to ensute that, in the 320 x 200 picture element mode, the
correct signals are applied from gates "32' and 33 through combining :
‘eircuit 35 to CLUT 58. The DISPEN signal is a s1gnal generated by CRTC
14 to indicate the time at which the ‘display is to be enabled. In other



groups of four bits read fromthe shift registers conprise a full byte of
data fromrefresh memory plane 0. This byte is followed by bytes from
nenory Ianes 1, 2 and then 3. Thus, the refresh store planes may - be
chalne with each byte in a plane representing the data for a conplete
pi cture” elenent As nmentioned above, the plajgs can then have consecutive
piicture el ement bytes in sequence whereby they-are read out from plane 0
through to plane 3 and then back to plane 0. In the above description of -
Figure 1, it wasordbatiddefiniest te Do 6ﬂléHEht§éahaIinE D5 t88 dilsR®ap (hvew!id

b | ai ned f t t hat 320 200
_ p?c'?)ljlroealalngrrent noégpé‘f&% tg‘oré tt%r &régf gfg ap glr%&ef'?tt?nﬁlﬁg‘lr@sg?f éhé 33
~through conbi ni9eFrert @airs 33 fQJJICbUT B8ups e ude8PHitesDISRAN signalshcgﬂaloff

generat ed by CREgch4uitq1i e eed2 bhaHel 85 gﬁ.g%\égyr%bor} e disR ' $ided Dfhen

enabl ed. In other 10 words, it define ort1on of eac scan linein
the display whitd® ?‘%t%élﬁls&’tléﬁ’%t? rﬂ@nsr%ftmﬁegaéqiemmnahttarouqm seleition $6

i nsure that thetocg&tecsu oithe Qcoﬁ@tﬁulbl frﬁﬁ@x&l?sc%& eperd, tha Bk SN data

signal hol'ds off tch unti art ortion of a scanning
line. Then the ﬁsa TH PE5% ‘Vé F‘t&’f‘?é’(? 1 e%%rtﬁt gate Jit | *B‘F’) &1 §haTirst Rigkure

sel ection 56 tcelgmesnt 54 the sbanredchive fsldefinelibenche £irmktey Eoar Biltddatas
when data has t&g{; passed through gate 32 to. gate 33. Thus, the first
picture element in the scanned line is defined by the first two four bit
data groups. In summary, what has been shown is a digital display system -

for driving a rastern sGmfare, SPHaty h&ke Vet shoﬁhcﬁélﬁedi%'iﬁgf%sﬂﬂyas&fteﬂek& in
a displ ay storedrln all points addrfsaableformln whi ch dat a out in
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provi ded. Wt h Y ert@pfrqqt@qus;w@yquqderﬂmgr@e same, the data flow to the
display can be set to a first frequency or half that frequency. With
the first frequency ,' a dispiay with high picture elerﬁent_"':esdlﬁﬁiohiand
liihited colours is provided. With the half frequency, the pic'ﬁure
element resolution is halved, but, by us:fng pairs -of groups of T
- successive colour signals for each picture element, thé colour
resolution is greatly improved. '.For efficient refresh store
utilisation, wi'_th_the high pictureresolutioh mode, the known system of
reading Qut bytes from multiple storage planes, each byte contain bits i
relating to one colour component of the pels, is used. With the low

W ) picture resolution mode, each_ byte in tlie Yefresh store corresponds to a.

‘single picture element, and the store planes are chained. A selector
circuit between the store and parallel/serial_l converters coupled to the
planes of the store is switched to ensure appropriate data paths between

the store and the converters.

While specific values have been used to define the various modes’ of '
'operation of the system, it is clear that other values could be used,
for example 640 x 200 picture elements, 4 colour and 320 x 200, 16
colour, provided that the number of picture elements in one mode is

twice the number elements in a second mode. For both modes, the display



el enent resolution is halved, but, by using pairs of groups of successive
col our signals for each picture elenent, the colour resoluti'on is greatly -
i mproved. For efficient refresh store utilisation, with the high picture ¢
resol uti on node, the known system of reading out bytes fromnultiple i/
storage pl anes, each byte contain bits relating to one col our cenpon % of
the pels, is used. Wth the |ow picture resolution node, each byte in- the
refresh store corresponds to a single picture el enent, and the store planes
are chai nedscamvelpqiy othopild e thedeReen Inpditéeny BRdqifningerhe syptem -
converters ppubcecadidgt it RUMESoDIgakhe velPédh the PUIEEOL TG tRPSAHE the
appropri ate dat.a Eéiths b'etmec#@t?ﬁ %éo&e and, the cqnverters. Wil e specific
val ues haveSHRRHRLEE SAFFHEeT? \ ¥R (thSPIRTHES PSS IRY JATHEY: frere
system it tharclteite icantbeotibad. vEbriesamslel dithe theed suldgacxs,npbées540 x 200

pi cture ele ol aur._and 320" » o c r Qyi _ e
nunmber of - -plgg%r%%niIa%ne%gs?nrﬂgﬁégnr%dggaﬁg -vﬁtcglrgﬂ;ghﬁghb%é?da:%g%gﬁrsggn ‘a
second nodethatrfreqnenny rmsycbe usied wiitbptoryresponding pictuxs eyemgnsubit be t he
same. | n adgdifindioddy nodi fying the system by increasing the nunmber of
gates between the palette register and the conbining circuit, nodes in
which the picture elenents may vary by nore than tw ce can be used. - For
exanpl e with three such gates, nodes operating at.a-first frequency, half
t hat - frequency, and a quarter of that frequency may be used with
correspondi ng picture elenent bit definitions. 12 CLAIM5 1. ~ A digital:
di splay systemfor.driving a raster scan display device, including a
refresh store (10-13) for storing picture el'ement data at |ocations
corresponding to | ocations of associated picture el enents on '

Y



'sai d display device, means (14) for reading consecutive p
data groups frontsaid refresh store at a first clock frequgm&ﬁﬂﬁﬂv H"l
£21- 24 31, 58) for. coriverting said data groups to picture €

si gnal™ groups for the display device, said-system being characterised by:
swi t ch¥hg. nmeans (35) for switching said meang for converting between a
first node in which each said data group is converted to an individual -
picture elenent drive signal group delivered to the display device at said
first clock frequency, and a second node_iqiag$ch [err] (where nis a
positive integer) successive -data groups are conbined to generate an

i ndi vi dual picture elenent drive signal group delivered to the display
device at an Ath Jdugigideiohisplay syster Eppcdrivieggerrsteroscan dlsplay tdevice,

di spl ay syst eqnegahdlidge kst ?édPel(idll‘é'h'ﬁJ} Etdr'in& pikEuseflefBRANSadOht
converting includes Tirst gating nmeans é x%Scou to _receive picture

el enent data §Pekiens s°€€6?ﬁ?°§3%‘?‘-‘n fontesh 9t c’éﬁﬁFjeii‘efloPir"éEE‘? \PEEReRESoOR put
of said first sgid |dﬁgpmaaévicea|ﬁéah1sr s[t4)amb: eading Efisebgtiveapictuee Ngement

cl ocked at saldg flgi,g‘g gul‘< sfagﬁgrusecon Q% %@I dﬁ cIin,g fngane%ny a%%upl ed

to the outputs i I'T st TEans fting only
t he out put of mearisd (Sibol&ndﬂgatsflhgfommemimsdid idata gvoups dndpicture @ishentng

the outputs Obr6Al didldiobraill SGSURY ABDIAY PR bk Briteipon mde. 3

A digital display syStemaccording to Ctaim2 including third gating nmeans
(54) coupl ed FharasERFiAedPNpUt s *from sai d combi ning means, said third
gating neans being clocked at said first clock frequency i_n said first node
and at half said fl#é‘% clock fr

di spl ay syst em ac®8tHtHEe t"é“@fa%ﬁ&%@i”gﬁ‘ﬁﬁ’lﬁgag%gﬁ%g}) %(cﬁ?)vetlrgf)#% syétem
(58) coupl ed betweenca \Eiretiinmdesin wbkels Zadh tdaid diagat grappnbs conyertegeremnt i ng
digital dri Veiﬁéﬂﬁa{mﬂ rpQHQé:ef Qieﬁliddﬂképeﬁxageé&'ogs delivered to the display '

: device at'saidfirst  clock frequenty;- and ‘a second mode’ in which 2" _
(where n iS'a‘positive.inteqer) sucCe3s1ve data groups are ‘combined to
generate-an’individual picture element drive slgnal group delivered to
the display device at am nth subd harmonic of said clock frequency.
2;‘_“A“d$gital dieplay‘system aceording'to_CIaim 1 in which n is 1 and
said means for'Cbnverting'inéiudes first gating means (32) coupled to

" receive picture element data grdupe, eecond gating means (33) coupled to
receive the output of said first gating means, said first and second .
geting means Seing clocked'at'Said first clock frequency, and said
-switching.meens'is'céupled to the'outputs.of said first and second
gating-means for txansmitting'only the 6utput of said second gating
means in said first mode and for combining the outputs_of said first and

second gating-means-in said- second mode.

3. 'A digital display:-system-according to Claim 2 including third .
gating means (54) coupled: to receive outputs from said combining means,
said third geting'means being clocked at said first clock frequeﬁey in
said first_ﬁode and at half said~fiiet clock frequency in said second

mode,



A display systemaccording to any of claims 2 to 4 including-a palette F

: 1) coupled to receive consecutive pi cture.el ement data-. ;
gfﬂl‘mmﬂkmﬁmu m said refresh store and for generating, in response i

thérefo,t sdi dspi ¢ture elenent data groups_for said first gating nmeans:’S.

A di spl ay system according to Claimb5 i nthi ch said refresh nmenory \1*
conprises a plurality of- col our pl anes (40-43) and |nclud|ng a Irke '

lurality | 21- 24 ' d. |
TR B & B b e g e e R e S e
pal ette regtwtlersysysnefﬁw?dm deqﬁlvetdts:pnegrfsbsrsaesisﬂarrdrmves :
groups, b%kin&“é%ﬁfalcﬁfﬁ%s QP&%”G:AAQRSH%PSE%& Qis%ﬁypar al | el

to seri aI converters pl-ay system accor aim® I'n which
~the refresHeyigee conprises four colour planes, and including a sel ector.
system (17) coupl ed between t he refresh store and the paral l.el .to serial

converters,_sai d ctor 'stem ‘0 sajd’s neans for
swi tching. ¥nto® i PR"S Eh‘;)tﬁ%t‘é d%tt:? w&%&% 8 refresh
store pl anepa].ete@trrelgedzernspsttehemar abdpaledttn a:eeeﬂe conseentive pictmreat ed

with the plaig.,and.g GERRDGIRIG i Poallat AFrb, Bhold ! £y pOSP:{gf &

read from a storage pl are |rec dTNto Assotiat ars
in the par alt gespansecthereteomwaid tRictureedensnt éetmgm Fer spid firph|
converter r&alhYGeahyo bits fromeach plane of the refresh store.

6. A display system according to Claim 5 in which said refresh memory

| rcomprises a plurality-of colour planes (40-43) and including a like '\_)
plurality of-parallel to-serial—converters (21—24; .+ each for receiving oo
data bytes. from the. memory, and each ‘having a.serial output coupled to _.
said.palette register_system whereby_said palette register system
receives,groups;cf_data having bit widths corresponding in number to the
parallel torserial.converters._ | ' '

'~ 7. A display system according to Claim 6 in which the refresh store
comprises four colour planes, and including a selector system (17)
coupled.between the refresh store and the parallel to serial converters,
said selector system being coupled to said switching means for switching
into a first mode in which each byte of data read from a refresh store
plane is coupled into the parallel to serial converter associated with .
the plane, and a. second mode in which pairs of bits from each byte read N

_ from a storage plane are directed into associated pairs of positions in
the parallsl to serial converters, whereby each parallel to serial |

converter receives two bits from each plane of the refresh store.
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