BC9-87-006 [err] RASTER SCAN DI SPLAY SYSTEM W TH RANDOM ACCESS bENL‘RY ©
CHARACTER GENERATOR Description The present invention relates to kraster ;5’ §
scan display systems and in particular to such systens when driven:fromg 3
digital™ character generators. Character generation digital display systens ,3,"”
are we™. known. They are normally used to generate al phanuneric charact®rs @ ¢
on raster scaB°¥& D¥ screens, but have al 30 been used to gen & ;79
gr aphi cs di splays+ by providing so-called graphi cs. characters; maﬁz;‘f ne &
character-sized |ine portiaons at different angles and positions within
charact er boxes. Many ch ’ﬁ——éf?g%? HyTEFRNROM BECESS, 1 ead- onl y
menory [err] devel op the font damMaMéry cHARACIBEY dENEBATORpUt character data.

This font data represents the bright-up video signals which define the

di spl ayed characters. Thus, in a character which extends over eight scan
lines, the font data conprises ei ght sePesagfipdiiogi tal data, each set
representing the configuration of the character over an associated one of
the eight scan lines. For each character in the display, the read-only

nmenory is address@8eRreefRt dRYPHEPRITedBERS (8. ¥AStPR SASEI ispday)SYaRIMSaandin
scan val ue topasﬁenazeaehs&yst Systfemslainan(BSTER1 f1@medighitaDichsr@erscan |ine).
This is repeat é 1;: each line of characters, eight lines, with a
di fferent row?S¥AR Val'ue for each line in the row. Such an arrangenent is
used in the | BM Monochrome Display and Printer Adapter, details of which
can be found in t | f rsQn ef
No. 6936895. In agﬁaa’ft%%gfgsmggagﬁgﬁggﬁcg e g%ﬁeggr%%ng{iu@nputer e
Enhanced G apRFeSoRgRig¥epsecatpiaatanetd elehasprenicdeharacserst or edster £ophane

of read/ w | t edﬂ&ﬁﬁﬁr}/scr'e@n§h|bﬁt athapt ﬂso beur uQécﬁ'%@Sgé?lfer§€@ Gr EYdl%'b@ays

previ ded. raphi ¢s, nodes, hdese | anes cont ain resEectlv red, een
bl ue and i nte LiREPVETY Porcalhed graplliss Thateatersel Bhight define %@ga%tfrO
2 line portions at different angles gnd positions within character boxes.

Many character éenerator display systems use a read-oni, memory .o
develop the font data for display from input character data. This font’
data represents the bright-up video signals which define the displayed
characters. Thus, in a chéracter which extends over eight scan lines,
the font data comprises eight sets of digital data, each set
representing the configuration of the characfer over an associated one
of the eight scan lines. For each character in the display, the
read-only memory is addressed by the character code (e.g. in ASCII form)
and a row scan value to access each byte of data (assuming eight bits

o/ éer scan line). This is repeated, for each line of characters, eight
‘lines, with a @ifferent row scan value for each line in the row. such
an arrangement is used in the IBM Monochrome Display and Printer
- Adapter, details of which can be found in the IBM Technical Reference
Manual, Personal Computer, Ref No. 6936895.

In a later display adapter for the IBM Personal Computer, the
Enhanced Graphics Adapter, alphanumeri€ display data is stored in a
plane of read/write memory. In this adapter, font planes of such memory
are provided. In giaphics modes, these planes contain respectively,

red, green, blue and intensity bits for the display picture elements.



| %, al phanumeri ¢ nodes, character data (e.g. ASCII code) is stored in one
ry pl ane, font data in a second of the planes, and attribute data in a
thiwd ptgne. The data fromthe first of these planes is used to address the
second ipl<ane to obtain"the font data for display. As with the read-only
menory %géerre, t he -addresses all include row data fromthe adapter control
system tQ_gelseotstfoeef ont data for successizve scan lines in a character
line. In the IBM Téchnical Disclosure Bulletin, Vol. 27, No. 1B, June 1984,
at pages 868 through 870 there is described anot her form of al phanuneric
di spl ay | ogi &r fiphengrerdgnadas. shphattemeddte Char-aiEAscdds? % Spprgd aneone
stored in a GiReA} Bl )0ESAAGEES InNEHREYNIVIECEd B1&RUED! £ L&ﬁb&‘;ﬁdby& &n
shift register, IéJ%’Earel atlng to a co Iete row of characters to_be

di spl ayed is 3 F FEa i M09 e FEM e 1 BgrE 1Y ThRfecRIaes o ERed o
provi de succegéress the patend pladadtes@tamhaeaﬁnmda;;anmszau@gpla‘fhe nsegsem f or

e s Chat 8 AL SIS odrind e UEQ: LETRE] SR 0 RE: WY the

ported, that ey are accesse gata updatrng an
control syst @#FP*feé’r CRIEAAP | Y SHETTRP M?Fr—o#heefom dstémfbarswevsmg ga@nobireisn
the data for jhefradsbidi@rtmedi splay. In the article, the cycle tine of the
vi deo nenory was not sufficiently short to allow normal tinme multiplexing
of the dual ports, and this was resolved by the use of the shift register
arrangenent whi cnnnmmusnmrcnnmltmcdbs@eagum&mslvodatza was LEA0sherred

o the shift 158l Skefachch BUILLR! £Y R0, nOLLAGH Lot Accordino to the

i nvention, there i's provi dster scan drspra sys?rbc' fh
random acces §1H’E?ﬂb‘m?r1@né¥%ﬁﬁrlogener énothaexndy%teduadlppmumermcbbaraa:(tees Sor

Me[Tory Vi deo dhybffr atd Ghbeiangn rgaﬁ?ﬁéfnlgaféﬂdkh%esgl“eﬁyf %Hiéﬁ 1Eec%u?>5.§<{ to

means, and meaps for transferring data gr oups fromthe partitions
shift regist & 2HedKte sbhLh Fegtiteled Daga i Frdpting (9°rﬁer?8¥‘53/1e[58r1qut Péns i ncl ude

a first particharstbps tat Bs idagplayed Cﬁlse&kﬂﬂey‘ﬁed Qﬁ@é it88Sshifet My i Sadrawadin' S,
each conpri si, ngclcoré & q__t er_da La and di, SE font a, and in that, said

system i ncl udeés o1 P190§ g| T SHESHTLY 8FhY tﬁe%t 52 ERAFECHET i ng sai d
means for traﬂs¢1@ttprng The nepaprsifer thephse alfi thisobhisfai dediistet idatimtpaide® t o

the shift regekfdflesBRARSto BEARNI ported, that is, they are accessed both by a
CPU for data updating and a control system, for example a CRT controller
or similar device, to obtain the data for refreshing the display. In
the article, the cycie time of the video memofy was not sufficiently
short to allow normal time multiplexing of the dual ports, and this was
resolved by the use of the shift register arrangement which meantthat,
as the display refresh data was transferred to the shift register, this

multiplexing was not required.

According to the invention, there is provided a raster scan display
system including a random access memory character generator and a dual
port random access memory video buffer including memory partitions,
output shift register means, and means for transferring data groups from
the partitions to the shift register means, characteriséd in that said
memory partitions include a first partition for storing, in
consecutive locations, first data paire, each comprising character data
and display font dé%%%]é%f%ﬁﬁ;stem includes control logic means

including means for controlling said means for transferring to transfer

a plurality of said first data pairs to the shift register means, means



BC9- 87- 006 . 3 for clocking the shift regi§ter neans
to output said first pairs of data, and neans for directing the cR:
data of a first pair to address the character generator for witing
font datmof the first pair into the addressed |ocation. An embodi
the invention %Ig7 geyv be described, by way,of exanple, with refer ence to

t he acconpanyi ng drawi ngs, in which: Figure™1 is a block diagramof a“prior
art al phanuneric display adapter; Figure 2 is a block diagramof a display

adapt er COUpI Qertaoakgauta@dshaff a@tgﬁétetih ﬁé&:@yt&%\&%& DO By -89 phlies REEESENt
i nvention; %gre 3 ghows t of the video fer menory shown in

L ayo
Figure 2;: Fi gif&43ng Beaps °r“fgd eﬁ@f‘éﬁntgﬁcﬁﬁaﬁﬁcﬁer'fed‘ﬁarrf’ﬁgas tirstcRatacPer
generator readdopsysathorbarased gineratprdi@paytinef tiss lfontidats eo5the farst

timng diagramg,s (}wtggt %hgé&%tsggdq ca%rl%;]or wite operations, used during
character generator ating; and gure 6 shows a maxi num new scan counter

system Figure 1 is a bI ock di agram of a prior art character generator

di spl ay adapter. g, E&H&Eﬁé&soﬁ ﬁQa{:ﬁiéﬁx%{org%ﬂ %Qrbemag%z)&bé&’ hQrwf GEI NG
font data. This nenory is addressed by signals froma rst mul tiplexer 11

and a second PHRERYS: Xt ISTETRAFE FOPFRSy PEROTPRBERECET VRS adr€dshbi ts A0
t hrough A3 and A4 through Al to nmenory 10. Multiplexer 11 receives four
bits fromrow scan. count er 16 ?t iés Ai;&rt and four ertls of an_address
froma CPU at its ‘BIPFHdt > PP &ksd* BcRTXES 2T GRPPHUPET¥S ShirdeY
character | at@dagterat it's A input and eight CPU data bits at its B input.
Mul tiplexer 11 and 12 provide the A0O-A3 and A4 to All address bits of a
character generator nenory 10 respectively. This BC9- 87- 006

4 hetrory is of thEigyrmdi &s rahdenk dérzras ¢DRAMSHIpPcadaphen cpuBkadsthet GREN

menory 10 and ghhes CRbkdNBosIhyaadvidl IabbapitRl thd JREGLAY BhvehRiodnd al so from
the nmenory to a video processor 19. A video store 18 is coupl ed to the CPU

address and data busses to receive data fromthe CPU at
Figure 3 shows the layout of the video buffer memory shown in

Figure'Z;

Figure 4 is a timing diagram showing the timings of character

generator read operations, used during display refresh;

Figure 5 is a timing diagram showing character generator write

operations, used during character generator updating; and
Figure 6 shows a maximum new scan counter system.

Figure 1 is a block diagram of a prior art character generator
display adapter. It comprises a character generator memory 10 for
storing font data. This memory is addressed by signals from a first
multiplexer 11 and a second multiplexer 12, which provide, respectively
address bits A0 through A3 and A4 through All to memory 10. Multiplexer
11 receives four bits from row scan counter 16 at its A input and four
bits of an address from a CPU at its B_input. Multiplexer 12 receives
eight bits from a character latch 13 at it's A input and eight CPU data
bits at its B input. Multiplexer 11 and 12 provide the A0-A3 and A4 to

All address bits of a character generator memory 10 respectively. This



addresses defined thereby to provide a |ayout of characters to be displayed
In positions in the video store corresponding to their screen positions.
Each character byte (in ASSCII code) is acconpanied by an attribute byte.
Cont r okl 0gi ¢ 17,. whi ch may be, for exanple, a CRT controller of the type
MC6845 pr oduced by: Mot or ol a Cbrp This control logic (which now, physically
i ncor por at eBFHW’sE%h counter 16) control s%the operation of nultiplexers 11
and 12, tranSC|ever 15, nenories 18 and 10 | at ches 13 and 14 and V|deo

processor It.re eﬁ/e menor ?gr menory rea g NR%
di spl ay pi cf“fﬁ’ gl’eﬁ? nt %%Sﬁf“lfP%/ ek al*¢P% 1 OH‘Fﬁwé’ 02 %twgfef'ect
t hi s controhemcky 30 mpidi the ChY shranth amdSuéxseqmehttrambvm 16f gnidealso
de i pti L t ' t f
escripti Ongg%@é:\é@ éeyggf(l:{%g? Jl%go ‘Bgéf?ésas)ércf@r ax xﬁﬁgoagt%rgelé a3 ogghéén'%o

di spl ay scr acter "boxes, or in other wor aracter
i s defined BYe &Pghtddrees and dtankyrses ofp caedivefdatiaghromsghe GPUms of t he

di splay. | nhadalskys Gzl @ﬁez‘i@?atd srdpaded l'aE}B@t biRecahataatseto gﬁner at or
menory. This data is generated fromthe CPU either fromits read- O%P
S

menory or fPOTRIGKSY &0t BYSIEEPRS BN Bt oS trTgi SR ErROTIPE . torhheizy ¢
entered byt eeditibyse Eh¢0dhhrdctas odyedermlsssmtt hcodedr id aecdnpanBed baract er

box, the lo r addr.es efin Lesp cti ann l'ine
data and tWg %lbug eb(?’t‘celdrecgrs"?mt?:i iog[ Pndl v‘l\(':Jc ugl? arg%t e¥%‘pﬁgbr j[CE»Q
operati on, Geim*tmélle# odi thel Types ¥06845a pyeduced éwam*@r(JWE)Congnahlﬁo centaior y

10, and proyggs (Qﬂ’f@hr Bbw S ngé'cﬁliyo iU AoPL&X @6 sbhnalfinddr @) LRAL-dEY

pass their B inputs th rou the nmenory 10 address inputs. Wth character
data i n nendR§ opgratios gi/gvéhapéaﬁe%w raé‘idr Eoh trans i g8 et 5 dimepPEirs 18 ¢ad
_nepory 18 i 30| aatteRes\ib hardhad amberig@blprtick sddrUL ®. datarddeqved hemddpUnriklei s

data i s posi ed within th r t hat on re Q. f essive
addresses, CHAPACt BFORY FRFP Wponéaglsi’rg}' HCRYS 8 sueg‘t(‘::es% \?‘e(c ggacters
in a char acCeeck); migriads bfrogi st @y@doaeffeacgathisutonthel| s vvel | known, these
successi ve addresses are BC9- 87- 006 5 generated

by control logic 17. The character data is fed to a character latch 13, and
i mredi at el y t herf®afimtifndhigc gef dihedsehseApeniteseptianiaf the desCHPtARR T i but e

latch 14. Aeldiin hidRe! HRCHAALT Whad@dtRrE I defined on the display screen
as 8 x 8 character boxes, or in other words, each character is defined
by eight picture elements on each of eight scan lines of the display.
Initially'character data is loaded into the character generator memory.
This data is generated from the CPU either from its read-only memory or
from character sets combined on a diskette file. This data is entered
byte-by-byte through trnsciever 15 with, for the 8 x 8 character box,
the lowest three address bits defining the respective scanning line
data, and the higher address bits to individual characters. For this
operation, control logic 17 issues a write enable (WE) signal for memorxy
10, and provides control signals to multiplexers 11 and 12 so that they

pass their B inputs through to the memory 10 address inputs.

With character data in memory 10, the system can now refresh the
raster display. Video memory 18 is loaded with character and attribute
data from the CPU. This data is positdoned within the memory such that
on reception of successive addresses, character and attribute data
relating to successive characters in a character line to be displayed

are read out. As is well known, these successive addresses are



| atch 13 addresses store 10 through multiplexer 12 in conjuncti
row scan counter output through multiplexer 11. Accordingly, the%resultant
character font data fromstore 10 and the attribute data from| atgf
applied,to a video processing circuit 19 fromwhich the video sign&ls are
derived. Fi gwce-@-iogsa di agram of a rastersscan di splay system enbodyi ng
the invention.: It will be seen immediately that this enploys considerably
fewer conponents t’han the Fi %ure 1 system In the Figure 2 system the row
scan count er geeeAted| by egrirolaladicbiit-e Bhed chiarachex dlats gitsc ied tochghaceche

generator menwEsh and aaadmnéaw@ea.%%mesisi&%ﬁe AEBodiReed AR AuLENOSR is
enpl oyed in the Flgure 1 syst be seen fromthe draw ng, _ the

mul ti pl exer s E8Ad@ ﬁrﬁ%ﬂ@‘f@ %ﬁ‘té:hnH ué'éd:hlf nSPeatheoFranastet d’é&e #RBry of
Figure 1, a daiéreueniddryspee.@%tmo yterSugrsadlﬂzmém E2 Ol eorjunySiddwit S,

to distingui %H?-,t he ;sca e | s Jerie Qt\ﬁ 931 nbu:;JI cferein. Aacoradg.n%# y@l,lethe

attribute | at ar act er Fateh 0 connetct rat her
than in par alrlee¢lia9t|¢hatrh€tel?| gonteddtas fsonerstokd d6oarsutheratdibuteadapaafrdmont

dynam ¢ rand S S e PR he
m cro PD 412(%?11 %&?Eeﬁégggpi%gcy%taeg%?%%gg%ﬁ ﬁcégtrgrgr?gfy | SEYCH6}}I%X 4

bit dynanic RAM%SEW%ISZSBE Rexiyed serial shift register output. Thus, one
port is a random access port, the other, the serial read port. By using a

pair of these nmenmpries, we provide 64KB_dynani ¢ RAMw th a 256 byte
arlal output syduare 2rif o HEMEED T SuETate don BIELPY, SY8HEH sPoding e
conpri ses a Hovertiiodyndmi ¢il?AM webh iddiesslyedas tiid eqtlays mpusiderhply

t oget h t f d ki L
Means t 0get e, ﬁﬁgﬁéﬂﬁs A nr&%vié{l?zﬁgaf LyELQn t ﬂftﬁé'\ﬂlg% *}gﬁﬁt?emF?oé{e hon

shift register. er to achie edaatran er to _
regi ster, th&cHdRRaaseountanes cPhteal legisei ifribye andicharadtierslatghesy ect a

row in the d\¥Rafd e RAMne2Rb! RS SHE vEQIIPRoRILIRPF SiRdit BF&E tHE Afhmk as

sel ect one of 256 serial decoders which corresponds to the start |ocation
of the data {t8°%f ePBI¥edoi® e SHigrre rle§¥§tteé‘r EpnFan B5t 597 from ghe RV
6 then read tchetdiAtspidxers agiastinceivedBeardy adbe usea'hemﬁﬁifetaﬂr of ithei Gideead

L;?;; b:c '; Oby fol%fy 0% lglgurer!l . h &Egrse%rf]:t tgpaesgfvglegngry R rmet%fe paygureby

system this, to distinguish the two, is termed a video buffer herein.
In addition, the attribute latchl4 and character latch 13 are no

connected serially rather than in parallel as in the Figure 1 system.

Video buffer 20 is a dual font dynamic random access memory system.

An example of such a memory is the micro PD 41264 marketed by NEC
Electronics Inc. This memory is a 64K x 4 bit dynamic RAM with a 256 x

. 4 bit serial shift register output. Thus, one port is a random access
port, the other, the serial read port. By using a pair of these
memories, we provide a 64KB dynamic RAM with a 256 byte serial ocutput
system. This memory is well known but in general terms it comprises a
normal dynamic RAM with address means and data inpuf/output means
together with means for reading data from the RAM to the 256 position
shift register. 1In order to achieve the data transfer to the shift
register, the address means first usesg eight row address bits to select
a row in the dynamic RAM, and then eight column address bits are used to
select one of 256 serial decoders which corresponds to the start

location of the data to be read to the shift register. This data is



t he shift reg"-fiter under control of a shift clock signal. Fromthis, it is
clear that such a nenory systemhas great utility in a raster display
system For each line of the raster, the data can be first applied to the
shlft;regl ster, and then transferred to the video circuits while the
dynamc E’é\Mgsema on iss being updated. gFor this to happen, all that has to
be achieved is to effect the transfer to the shift register during retrace
times of the dispfay rast eyttt e t hat nost display systens display not

mor e t haphei ghiy toheteachefty ifednel Qy\éleso debartlh | Ncede 0B ACLES: data on a
l'ine con'p(glgsbng ‘? char cte dat a bg/ gto addr éss the character gener at or
nmenory) an attribite FEFEhyeee (“d& i TenBetREeTo P8t PErbehef Rt tri but e

of the ches sbl&y yegbstley WRrbydresonrcf &emuit eﬂof:l’: Gighde shidd thagi ster.
Thi's, hoyev8kar Ghat &nNY ng[“ggl esgl_pgmowgl o uglimq:dr ESSI n%ef or trgnsf er to

t he Shlft register is_arrange 'S HOT | Zddf esses
vi deo buf¥¥emoQ Fogreasht hingpahitthegrasted., ddmt datia tt'ogbe ﬂ.ﬂ'sachhpésedastot he

buf fer feolie shStEresitREQYankaCER&S hriﬂé@@ﬂé&nﬁo tElaevmbycﬁlcg Jbﬁ
dlffereng}ga?ngééggetv\e en the present and prior systens IS at t he control
r

logic is S§ OB XN BT IYPIAEEGr ar’FﬁF fgistte bapetd Eﬂri'l Fhethdagi r st
vi deo bufé de addleeed; J.Eoto teliféedah:&e firanepanté Qer sHilter rdgiaternldhridie

addr esseg, X res ecti racters_jn.that row. Turning
now t o F? %(raéé géﬂg i'S s é%l%lﬁ | Tt \éﬁlt ks ? MW RIY RIGEH f er 20

(Figure %sPlPY RRt| nonge thaw: ghyhty FhmtaCt:m ﬁynamwc fAMSBCcwittnesth t he vi deo

buf fer cenaratbeas afdkBn INESE MnBrPakili S | ' into a
CRT scree}beE gﬁ}gamt 05| ':ll on of 32 :é 'Ir'lhlés %g?%%e?o%asﬁggﬂ%e rat(!: gg%eossdefl ne the

i.mage t ot SF B toR PO EL g a0 @EEFihuge G@Kac‘?ﬁleaéﬁeéﬁsln%tbh each

even byteo]ccmmn Stlikgr ebaridaterofC ere chiffdetp, 3Ly Q86 BRRsCHR 8&dfiked
generato% tache cent. Odl?: byt conpri si ng attrl hut e code. This anount
of character deata [S TSR TIET et P bPoHP i ux FRRATER oo PEPRICB PRV ESindoy

char act ethes efidnassindgfps talahefexr fortheaghify n@glandr d@\l\ﬁlrﬁhgéd)l‘cGHrédtgyW t hout
updating the buffer. BC9- 87- 006 7 The second
partition of the video buffer al so contains character code for addressing
t he char act efs génBPERdy the ERIE3dBYRSSEs VidepHiuffer 20 for data updating,

and control logic 17 addresses the buffer for raster display refresh
functions. The only significant difference here between the present and
prior systems is that the control logic is arranged, for example by
programming, to select only the first video buffer address for the data
for each row rather than all the addresses corresponding to the

respective characters in that row.

U Turning now to Figure 3, this shows the partitioning of data in

- video buffer 20 (Figure 2). It will be recalled that the dynamic RAM
section of the video buffer comprises 64KB. These are partitioned, as
shown in Figure 3, into a CRT screen image position of 32KB. This
partition is employed to define the image to be displayed on the screen.
It défines 16K characters, with each even byte comprising character code
(used to address the character generator) and the adjacent odd byte
compriéing attribute code. This amount of character data is sufficient
for approximately eight 80 x 25 row character screens. This allows for

Sc
paging up and down or(rolling without updating the buffer.



partition, however, each corresponding_odd byte conprises font \}ata for
witing into the character generator. As i'ndicated above, for si maI|C|ty we
have st-ated that 8 x 8 picture elenent character boxes will be considered
here. Each displayed character, therefore, is defined by eight bytes of
font data, oms-Besoosagh raster line. Wth #his character format, each:
character set of 256 £haracters requires 2K bytes of font data. '
Accordingly, each tharacter set requires a total of 4K bytes in the second
partition, so foUre pages] peedciticonysr tise vgdee fhulfferxc hasaecbrrainet chaggotare 16K

bytes. In Orgc?d’e EQr AbbPishiRg t%@a&?a‘}:‘agéef})géné?s @Psmolé‘vénob %@% 16, plgiure

el enents, thereby requiring ata for character, only
four pages oParthhidct BPYeVEHAL %&beF%FeSE}@ﬁFMGdﬁrPntﬁec%@ébﬁf Bert Bt for

Lastly, at t@ﬁtﬁﬂ%h@ﬁboﬁhet BarEcOel Qedeslitad! aMst vai2abedd¥bseshEdt register
I's shown. Whi|le this may not strlctlg be re arded as a nenory é)artltlon It

‘illustrates f’d’é’lf'%’ctty FharveosHanst d9ah18 Kaf PYGBRT ELETRIE OPATRRESTBRESS
partitions ceillbbe tdonssdeaie ctbrient Bach. dildplayed onardaaekr,t 6hddeFure, 25 t he

operation of t Its var S des WI|| w be, descri be
Firstly, \Ahe%éeé\}g‘?gt 2{”1? b %esb‘él?néémgh‘? for feaf%ﬁ SAERT T til?ee'gl gfer I n
vi deo buf f er ti2i@, Chmwwénmmmgeetmmtg# sem ef Béﬁffé?aremrbermdﬁa @8 by

CPU data at pgldizessesndefacacd A%x@ugffd@séﬁ cﬂaﬁéctewétngecﬁaebs fsorea@ansal
retrace tilne except durlng verti cal ank I Ng of the raster scan in the

di spl ay devi & Pyfsg dnj the s&rPred tHoomss fﬂ"dckaqeﬁ t§RehCromPE s idgna fidde
partition COéKa‘i&E&E}.dlséﬂ dequike 18R tEor Ixheormeds at edwy féﬁldhammrsmn

line. As |nd|§:at ed na &? lei%g 256 b t are trar}sferred t}/s 160 yles
age, r equi r ed> FACELTUIR gf ¢ 19 RECRYE signer aéfl FRYY ERTVFARS lfso Trespec °| ve
lines are, féatadfdf eaehtchahacteat, eqmlryomr p&ged oéasthaunsteerpiémtt data sheul d,
however, be Mﬁg 1'?;a§:hé %Cﬁmag@{tﬂohs extracted (for an 8 x 8 character

box) ei ght times each character row. This provides for the total of
ei ght font bytes for each character to be read fromthe character nenory

using different AQsAY,Caheaidt@Bs Jif ERR [FRYLEL 3N alagB&%BZ ¥36byte shift
8 counter 16réqols%lélp %lsegt?oq}n.t %1&2 ('a'tl:’hai%t netary glenertarg'.g{lynge re arcge%r gss Saeglegxoorry
partition, it illustrates the fact that 256 bytes of data from either of

the upper partitions can be transferred into it.

Referring back to Figure 2, the operation of the system in its
various.modes will now be described. Firstly, whenever the data is
being shifted out of the shift register in video buffer 20, the dynamic
RAM section of this buffer can be modified by CPU data at addresses

o defined by CPU address data. During each horizontal retrace time
(except during vertical blanking) of the raster scan in the display
device, data is transferred from a block in the CRT screen image
partition corresponding to the data for the immediately following scan
line. As indicated above, though 256 bytes are transferred, only 160
bytes are required. Accordingly, fhe addresses defining the data for
respective lines are, for different character rows, 160 locations apart.
It should, however, be noted that the same data is extracted (for an 8 x
8 character box) eight times for each character row. This provides for
the total of eight font bytes for each character to be read from the

character memory using different AO-A3 combinations from row scan



each respectlﬁe scanning line. Control logic 17 provides the video buffer
row starting addresses, the dynam c RAM t 6 shi ft regi ster transfer control
signal s. T, and the shift clock signals S CLK to shift the shift register.
Each oyf.put byte from'the shift register is applied to attribute latch 14.
Each evepcd»gtreodechar act er code, see Figure 3) is then clocked into
character latch 13 while the following odd byte (attribute code, see Figure
3) is applied to latch 14. For the next clock cycle, the latch 14 output is
di sabl edcgumteanrié nvmelwtlpmheecdaﬁaetézewehempkir@doﬁo atlAeesERs ifoput of this

| atch), gi%okg%f&iﬁe' aAnEl ka1 2odPR) 8854017 o§§§%eﬂﬁ’¥%€é All of

menmory 1 ress t m)ry I N conjunction row scan AO- A3
i nputs. Reffeni xow Fﬁﬂ"ar,tlm)rﬂdﬂmssleéglfélelwfﬁ'ﬂ*ﬁﬁ@@ t» sbafpuregistebl e signal to

the CE i ppilsref JOBERYLY sicha150r,! BRd tRebii@tob1dRNdigdaif § BrK @adsHirem t he
| ocation defined by the Input ‘address. The byte in that |ocation. is

di r ect ed™§ SHth&egatsrt/ éa[:’ér"t‘?itﬂ‘éq byte frg i St oFRAIFEST WPt IPPEART

attri but eo hitteiitledidten| Ba. ChEa'ldh el Biitd Jchaniictenidoad, aed Kigoekal io

del i ver at t.e.to.the vid [ocessi C|rcut 19. O U|ts 19 conbi ne
t he attrl'L' u e%a/tcnk A B BT Rat g‘u?é g‘qtle k°]‘Sl°l!ﬁngp écbrye el enents of
t he rast éattydbvte Fpdpur eeel Fsgmvs 31 He ebphied of llamls ldperFarithe nexktwhi ch the

char act e&mﬁasfafeortues 1£€f.qad1£ %udﬁ\ytellgpdntéam&a %B{,aa\ﬁ mu&s&@a&aenam S
di agram shows at_the to i xel_ cl ock a%) ied to the control logic
P

and t henl¢¥fd %R?FBL&%“F%P@W’HP&%% tBhgrlat ey dheryrtel rlatthildg on the

nﬁXt t Wois |ap§$ﬁaﬂaesadeé§u: Kepwy s4gm1e6ﬁtnfeﬁl?ty1 lbe&pﬁﬂ&ﬁe§s0tﬁjﬁ;em&to&§| cl ock.
The out put ena sign 0 the OE i .0 no ch i ctive
lQw), cauSes “é'ﬁ"‘%t’j Bt %%pe ToR°Ht 3&19%9&6“;%0 %'ynltél?/\helﬁet H’é’ng’fqﬁri bute and
char act elodiat theppdies amtom;bm': IeeelbleTIségwll te theadl dénpWEfi mgyery t1®.menory 10
remi NS Loakiak Ve Hybl WD) s abdl 2 SR ﬂv@% PREBLLORy AldnbGyathd [ ut €

| at ch out put enable in IS active over a period during which the

attri but éneittdeddresact & erA’tteh“b Bk lepgwsl%rderg%ﬁfér fgamgtherdata 4Bt i s
that dur c&gnidalé Drokdndiy CIC k6gethbB WERAT a1l RELddlGe |b'§lt@-pﬁ|1tieﬂ1 tetdthe

characte' Iac then attrihute data i.s a j ed ther nd .then there is
no cl ock' %‘f‘% H&s2Y 5?%? 3{3 Fg?ﬁq‘eaa*? %%”?eé"aahﬁ‘trg %8 e aV 2er
menory, asocdsemmg ichrddiesdi®t.a ¢Cimeits 19 combine the attribute and font data

to produce data. for eight picture elements of the raster scan.

Figure 4 shows the tiﬁing of this operation in which the character
generator is read to develop the display refresh data. This diagrém
shows at the top line, the pixel clock applied to the control logic and
then the attribute latch 14 and character latch 13 clock timing on the

o/ next two lines. These clocks are generated in response to the pixel
‘clock. The output enable signal to the OE input of memory 10 (which is
active low), causes an output operation from memory 10 only when the
attribute and character latches are not clocked. The write enable (WE)
input to memory 10 remains inactive (high) for this complete operation,
and the attribute latch output enable input is active (low) over a
period during which the attribute and character latch clock signals are
generated. The result is that during g character cycle, the character
data is applied to the character latch, then attribute data is applied
thereto and then there is no clocking of these latches as font data is

read from the character memory, as shown in the data time.



BC9- 87- 006 9 In _the final node of op\i on, font
data is witten in the character generator menory fromthe video uffer
This operation takes place during the display raster vertical bl aﬁkl ng
intervalk to prevent irnterference with a display on the screen. The data to
be transferreg-dasbged in the [ower partitipn of menory 20 (see Figure 3)
and conprises tharacter data followed by font data in respective even and
odd | ocations. The layout of this data defines the subsequent |ayout of
?ata in theI char a?h%ﬁegfﬁfrﬁuaﬁ%BHEh%éyat]iQn,Tﬁb]?tfmt‘a fatait@inath _rtgetlo the _
irst scan line of the first characters o aracter set i
successi ve od®38E5%T gReeTah°F W@m‘é’fyo?é""i‘cf?‘ W@e?%“ségegt o&ghs (?H?i’?%éf’g i‘

t hi s sequencepHcer dwriay tHecdisplasy dagteat iventicalt biankodm ide¢mvapard prewmt Each
cor r espondi N; REBLACENHAR £ ALRIAS oh Nl ELALRT GREIARECLe 8806rantBerea

foll owi ng 128 cations contain dat a next scan line o
characters, ah®l heddoin tihe ilovey IPaFWé'-l%aﬂf renpry ¢t (Spe Hignre PZSa%Q?%R?tlé‘F%

are defined. Emcim aded Efofl.PJweHh@y ext ahe8 mhaéfeeive kfedlangeshal Nto the
next area of buffer 20 in the s gqFor this oeratlonwecan use t he

whol e 256 st ab%‘éatb?“%°he'r‘§91|11‘¥°‘1*eﬁf dhaf dar2piftiars 36° PEFCTIRRt B iatta
rel ati ng to taged ihStheSekarakbtdrec goderiabor ety 188 aharfeitedsta tmting to

correspondi ng,gven, 128 |0 at'oo’}stﬁé)%%‘ét“'li?g C%Qgéc tr%‘rofd%t & Arer set is
correspondi ng odd 128 Fotations contar ni ng fon ta aré trans erred’to t he

shift regi st eplacEdi tn guccessive lodd Je,elce‘ekce@ imthe- $hprpyfar the Finst stbrade

latch 14. Thecﬂdﬂa@%e@é‘a@ tlﬁs 8L Lt DAsCat ShbCEl @ icmaﬁl&?-tlﬁhtlﬁngoﬁmen
into the character |atch ransfer_of the first font byte into_latch

1¢. Control |83k Pi‘?“éﬁ%’l‘gl §%%h f’ﬂ’éﬁﬁ?f’?‘%‘“&n%‘fﬂ“e“(%}% rﬁ?ﬂFa’d‘ls Erearatatsf
gener at or rrerre:w.-al:eeﬂrtddé hewn&&bamvahgmzspmécatﬁohsatcahtaﬂﬁ thd) fentljdans t foan

with a row scan ,outpu sses ITeno wr'te ta fromthe
attribute |at 8RS ﬁfgn pk ne ° dgneessge(f‘airas %/"isdnand?'ﬁf’s(mob%r At g? %on cfar?u%lsne or
t he remai nder oﬁftrehéomtaws ichatdvgeshiare defghed.er Therd thealaggcfar thmmeruddsf or

the remaini Ng¢ ?%?a@%:ﬁe ﬁg%ﬂjc_g@rlnkgethfe' ﬁé& gtgt.ﬁa %?%ﬁ%?rz% 1;I-h§1e0£)éﬁt{ea&é nis

then repeated 28 characters in the 256 character set. This
whol e oper at | BPF (thke CPSFRfiON VS PR uFestiRghels 256 stages | ofnkhn ghifhgeststere

di spl ay rastefnY¥fer 20. For the font data relating to the first scan line of the
first 128 characters, the corresponding even 128 locations containing
character data and corresponding odd 128 locations containing font data
are transferred to the shift register. This data is then clocked,
byte-by-byte into attribute latch 14. The first byte, a character byte
is fed to this latch and then into the character latch 13 on transfer
of the first font byte into latch 14. Control logic 17 energises the

v write enable (WE) input of character generator memory 10 and the
character output of latch 13, in conjunction with a row scan output,
addresses memory 10 to write the data from the attribute latch into the
addressed location. This operation continues for the remainder of the
data in the shift register and the cycle continues for the remaining
scan row data for the first 128 characters. The operation is then
repeated for the next 128 characters in the 256 character set. This
whole operation takes place within a simgle vertical blanking time of

the display raster scan.



BC9-87-006 - 10 Figure 5 shows the timng of this
operation to wite font data into the chatacter generator nenory fromthe
video buffer. Here, the pixel clock, attribute latch clock and character

| at ch-cl ock signals are all the sane as in Figure 4. The output enable

Si gnal'\"far 7c§€£erel logic 17 to the CE i nput of menory 10 remai ns high

(i nacti vS?‘err' nting read-out from mefory 10. The wite enabl e signal
applied to the WE“i nput of nenory 10 starts high and then goes |ow (active)
during a chaf; er, e.. The attrihute |latch 14 output enable (OE) input
remains | ow%?gg%el \?ef’}%‘ W SEET ?#ﬂbcguf SEER TP Ak’ é’ﬁgfﬁ gﬂnﬁﬁa?t‘irﬁ)ﬁ. As can
be seenthf ahsackeragerieyatorimenony Eearhtbharides dufbyc| eRdregneinbetixdihat this

al | takesodd,ageeABLYe AUEENE1YEK bh& alnabharki galﬂllc'(&;né c%aé%%:iai's the [Aaster
y

di splay).the character code is registered f we e correspondi ng

font dath® SPAPs2S dRtFIFHES $-enthenSutart: sRebAe Tigpat LroRImtpt Legitid7writ e
enabl e sbothel OPdePubGifi Memdr] 1@ ehaisls POf (iiRtO¥e)t Deevdnal AF rRhaL)e! € SO

that thiis data is itten i.nto t | gcatj on defined by the character data.
As has BeZh "RERE 5lrél\lfedt'r§50‘ffé:°evﬁﬁapge 180 BRP A BY/iThG "En 1BPYE 8fchar act er
box hasmbemy testrrbedigh radf dreh gatsalparactiven @fribben chaeatenffer is
sufficl eptle. | MdeelApatorRelfuls BAGRE BlapiOMorfAul 1 a0: R %40 charact ef

box form This neans th each character 1S repres (fm6§1n5|xYeen byt es of
font dat&ctivs) | BwrAtPRERR sthishtatchwin @arenebied epnditdpem Agseambe $senadapt ed

to W_Ddi iy ﬁﬂ%edfﬁ' Adnaddh eSS E&H@NEﬁaﬂa@téﬁe@EYe ](Q_exﬁé?nb_hpaéhaﬁ:hﬁ'yisi REY enment  up
to sixt S g#gure ﬁ%shows a row scan counter circuit swtchabl e bet ween

ei ght ana g1 REEEh OPHE FEREM XPTEFRpLLIapRNg (RSEVaLE ABr BN Zastdun a naxi num
row scadispigivbttdre bharaggef code Sitsagas secenyd eoll lowed yutse @breespohdingl exer 31.

Th—é fou rfor?é %%€§ g QP{'£ (}lmué h!ﬂatL %ginso rlg etl:heta%tttdgguése? gﬁg‘%‘ twﬂ?leh ith est order at

the bottom The nultiplexer, in response S on a select line
swi t che¥ritesepelje pignal gopsusctizef butheuiasttpdsinton whitle charagpeti ed as one

i nput t @y@1L@ERae EhisCHita 32 wribfePUhbilenel 12U Befire@Ub) the applied to
t he data itﬁr%put of a latch 33 which al so receives the raster scan horizontal

synch sFRHACEeR193t®s cl ock input. The latch output is applied to a clear
i nput of a counter 34 which is also clocked by the horizontal

As has been mentioned above, while a system employing an 8 x 8
character box has been described, the font data partition of the video
buffer is sufficiently large to store four pages of font data in an 8 x
16 character box form. This means that each character is represented by
sixteen bytes of font data. Following this, the row scan counter system
must now be adapted to modify the A0-A3 address inputs to memory 10 so
that they increment up to sixteen. Figure 6 shows a row scan counter

./ circuit switchable between eight and sixteen incremental steps.

In Figure 6 there is shown a maximum row scan register having four
stages coupled to inputs of a multiplexer 31. The four stages go from
the lowest order at the top to the highest. order at the bottom. The
multiplexer, in response to CPU signals on a select line switches its A
or its B input to four ouﬁput lines which are applied as one input to a
compare circuit 32. The output of conmfpare circuit is applied to the
data input of a latch 33 which also receives the raster scan horizontal
synch signals at its clock input. The latch output is applied to a

clear input of a counter 34 which is also clocked by the horizontal



BC9- 87- 006 11 synch signals. The outpu
counter 34 generates the AO-A3 address signals for the character
store 10 (Figures 1 and 2). Additionally, the counter 34 outputs arg,fed

back tgconpare CJFCUIt 32 and are used to define specific scan Ilne; in a
character row{ Bﬁ gvi deo buffer addressing. As addresses AO A3 start at
zero, the eight ress in this set is seven, so this nunber is stored in
register 30. Wth the sel ect input set to select the A inputs, this nunber

is fed unchanggfichOsilgagid NPEhs REpGOBRARINELF BYi gen%%atééf the lAdeaS &laaelsd NpUL
set to select the B i Euts t he | owest order di is set to "1" by the

posi tive i nputS¥¥8aH f& dthen gharactex WFB‘éred‘Pﬁlﬁté’rgcfror AEBEAS th 2R trhr ee

| ower binary Ch@ﬂ:ﬁoxﬁﬂlfrh&héb&ﬂﬁteﬁ@!G&ﬂpﬂt& heer i BAEK toCedi@aqueﬁtrbuyuﬁach
output fromthg nultlpl "1" qQqrrespondin 5.
Thi o when couTd Re® 2BP8 L atfie®; fidiiele, shan ddnPE R A il ESL dth.
sixteen to thevzaiddrMerrﬁadtsssxAssum ng counter 34 is cI eared, it is

i ncrenented by one at each horizontal synch input to provide successive
increnmental counts from zero upwards to the AO A3 character gener at or
menory inputs. Eachs d0drerese 2AdAt atars atorprr-cdhovisightthaddyass pr Shdp St is

out put by Cormae.rv@hprso?st Hmzdeges%t@a\ lgfr&;quaéf 39, GQRRadHRL géle%z 2l es
a"1" tothe data in

atch 33, i n the next horizont nch
i gnal -l ookssmee HaTBeT 8 % GRRI Snia GomRets RE SIAMPERS SAcab: My
counter 34 is ofcreparet etkdojt . ZWithathes gabdrt mqipntSSemtuol sellectetteh®s t he
nunber (either &PV, td . e 0
zero on the ne&% ?(E)T ]t?)%\ll ﬁgﬁ%%%;jolq:gogtd %g ns(e%géletn ut . bgnﬂl&_%?{%qg ﬁ§§£ l-Ia?s%a’]él’
sgan di splay s3nst ehe ingst Lﬁ-ﬁrﬁg @gﬁaﬁd@mmeé st%h%)rtyrema}paex dingBhdigitey of
(10) and a duainedQlhbdra BN @&%ssréaa@éﬂ Ve qheHth 9l edA0dutgie! £l ehe

menory partitions, output shjft gister nmeans, and neans for transferring
data groups f rEHhEEREEXeE, 19 £ B’r&a”ﬁ’o heoxagsppnding to decimal 15. This, when

counting zero as the first A0-A3 address, provides a count of sixteen to

the address inputs.

Assuming céuntér 34 is cleared, it is incremented by one at each
horizontal synch input to provide successive incremental counts from
zero upwards to the A0-A3 character generator memory inputs. Each of
these counts is compared with the multiplexer 31 output by comparator
32. Upon detection of equality, comparator 32 applies a "1" to the data
input of latch 33, which, on the next horizontal synch signal, clocks
this input to counter 34 to reset the counter. Accordingly, counter 34

N is incremented by horizontal synch inputs until it reaches the number
 (either 8 or 16) provided by multiplexer 31, and is then reset to zero

on the next following horizontal synch. inpuf.



regi ster neans, characterised in that said nenory partitions include a
first partition for storing, in consecutive |ocations,—frrst—datapairs;

each conprising character data and display font data, ' '
system.i ncl udes control |ogic nmeans (17) including ma%ﬂmﬂ““&m}mﬂﬂﬂﬂg
sai d TBaps. Ié),r_05§.ansﬁerri ng to transfer,a plurality of "sai L

pairs to t%e Shitt register neans, neansS for clocking the shift register
means to output said first pairs of data, and neans (13, 14) for directing
the character data of a first pair tg,ggdress the character generator for
witing the font data of the first -parr—rnto the addressed | ocation. 2. A
raster scan display systemaccording to claim1, including first and second
| at ch mc:ansh A besddrr star aisﬁlapegr&ebeimﬁ@mgph &thnti6m talae?sm_&téozryﬁgi ster

out put an ing an_outpui coupled to the data input of said character
generatorcg%lr’\%\éef) e Eut B 28 iadggﬁlcé’ﬁﬁt |*af ?f“ﬁﬁgerff, meRRTY TE8nd | at ch
means hawufferai2@utipetudiogpleadry paatitddds esmtpumpshitf reqdsteehazast er

gener at or, di_spl S C | ; | & . claim
3 whiea teans TSR eEEARg WAl BaBSLER MEBMAANAE f BITHRE O

char act erreghtferomangatdaraetexised |inr thatepaisc memqryneartd biehspingladet y aof

first datfarpeipastRQBRIEcestdray AGhCEodut ARl 18tk of Ol £Btst! 8a&E pong,f ul |

di splay sc |'i ne, .and said nmeans for controllin %ﬁfﬁ?fmsi ve to raster
scan hor iefgﬁtcé.’f@?’éstlf‘%c"é‘aﬁ@%‘i% f3r® aprd sierHy §3‘i“d%ﬁ SPEY S¥8Y™hg hori zont al
retrace dhcliv®sdi apltagl lagiemesnanl7y.incliing Sheains SBan cahtxpll BihgS ysidem
accordi ngnegxgs FH¥ ngangké’yr‘ g ot Qr%sfép(\hl E%Mlgg\%fsgﬁ% g?xaglsdééaG CI%Upl ed to
a further address input of the character genéerator correspondin 19 the

| owest ort@ethed shiflr E3%istpyinesns o Mspoyifge chackiéne the shdfe egierarenednsy

Wti ng feenbutdat i@l AlrsROpdi®s of BePs 84n@0ans (13, 14) for directing the 13
different raster scan |ines of djsplay characters into the character

gener at of°haBACtRr [ daka0f acEirsti Bpirafo APdress FBe o ArAGEoIISERIM I9F n whi ch
sai d r owwsdeingCeheifent aRASofC BAPriizes pERanthto3the hadressod Ucktagionaxi mum r ow
scan data, a conpare circuit (32) for receiving said maxi rumrow scan data

at a first input, a latch (33) having a data input coupled to the
2. A raster scan display system according to claim 1, including first

and second latch means, the first latch means being coupled to the shift
register output and having an output coupled to the data input of said
character generator and to the input of said second latch means, said
second latch means having an output coupled to an address input of said

character generator.

3. A raster scan display system according to claim 1 or claim 2, in
K‘/ which said shift register is sized to hold data corresponding to
character and font data for a full raster scan line, said plurality of
first data pairs comprises character and font data for at least one full
.display scan line, and said means for controlling is responsive to
raster scan horizontal retrace means for effecting said transfer during

horizontal retrace of the display raster scan.

4, A raster scan display system according to any of claims 1 to 3,
including row scan means (16) coupled to a further address input of the
character generator corresponding to the lowest ordered address digits

to provide different address series for writing font data relating to



out put of said conpare circuit and a clock input coupled—{—e_LeaeL' raster
scan horizontal synchronising signals, a counter (34) %ﬂmﬂ a cl ear |nput

coupled.-.to the output of said latch, a count input cou wﬂﬂu,mma

hori zongal synchronising signals, and an out put coupl e
of said corrpareBég ESWde and to said further agddress input of sal 'd chartact er
generator. 6. A raster scan display systemaccording to claim’, in which

sai d nmeans for produci ng maxi mumrow scan data conprises a maxi mum row scan

regi ster havi ngajgubpate eQudlregedn018nd bt i BlBXY chddd tégé %tamh@ agLveesn a

first condition to provide a first output correspondin he content of
sai d maxi mnum r o%"§EAP regi ster and a second condition to pI’OVI de a second
out put having a val ue doubl e the vaI ue of the content of the maxi mum r ow
scan regi ster. ; a asgrsrca can di A s<t2e ac%or %o .an CE" t he
previous clains, " in Whch Sard Vi8 c}'ﬁﬁf é“r FRECabRsac ae‘ oht iBa tﬁ T or
storing, in conmatamsotm res, cogednes tadss gaor sforqamlducﬁngpma:mmg row
character data gng gidd,i DUl ngéa%néﬂ d($HSE P‘ﬂe@%‘%‘s saladxﬁa%%i?%%%sé

means (19) responswetofon ta an attri ute genérating Vi
data for the di%jPayt aafhtrFaieewont risitcho@e wavdng 4 #etvdeeuwwslerdoto the

control ling saishepaans 59fa omnskesiidade tanat Eaél%f:ﬁrm%uéﬂdébﬁiéé Yo Ofecadddl
second data pairs to the shift register neans for cl ocki F'?% (sal d neans
"c‘b‘g‘ I

for clocking to acﬁ}f‘f)Lﬁcaga‘?ciflﬁ‘é‘b‘iﬁersfﬂﬁh5°’Eaﬁlf‘§ sighal§-op Prhdaving 2
means for directicag impudi complied e eiacacter odaéadoiawhs&caamaahp;q)abﬁpnea

address the Cha&@(} gg;erQae{aa%ﬁ 1zog al %&E%}\erv nga%]lagnQ§%a afnrdg%%ggpl%gg&{eﬁ.‘%

| ocation, and f Irectin ererle
attri bute data ’éﬁ at #@@écmtp%ﬁ said @&P#WFHWlprv@esglwgdn%mbe# @ddress

generating corrgspenck R9:y idlePadhes PiehbrdtdA. 8. A raster scan display
systemincluding a random access menory character generator and a dual port

random access menory video buffer including first and second nenory
partitions, saiél fiastase@fGkyn Hspliy @Rstn0bbogra@AaNaCt B indaf dnt AgiRhhesia
w th associ at ed attr*butg é:lata at._consecutive éQcatlon gal rs_therein sal d
or p oducling maxlimum YOow scan data compr1 S a maximum roWw s
second nenory parat I'tT0
register havxng output coupled to a multiplexor (31) selectable between
a first condition to provide a first output corresponding to the content
of said maximum row scan register and a second condition to provide a
second output having a value double the value of the content of the

maximum row scan register.

7. A raster scan display system according to any of the previous
‘ claims, in which said video buffer includes a second partition for
S~ storing, in consecutive locations, second data pairs, each comprising
character data and attribute data, said system includes video processing
means (19) responsive to font data and attribute data for generating
video data for the display, and said control logic means includes means
for controlling said means for transferring to transfer a plurality of
said second data pairs to the shift register means for clocking by said
means for clocking to output said second data pairs, and for controlling
said means for directing to direct the.character data of a second data

pair to address the character generator for retrieving font data from

the addressed location, and for directing the retrieved font data and



4
storing charactglf data and font data at cdpsecutive |ocation pairs _therein,
means for tra_nsf-'ferri ng data fromsaid fi rst menory partitj a second of
the dual port%ngQQ!_&g a horizontal retrace of the displ ayuﬂﬂwnwmj”m&
S *

subsequent addressing-of the character generator by the c
conbi n&fion of font data read fromthus addressed | ocations with said
attribute data to generate video data for the display line follow ng the
retrace, and {wy attfibaterddtaGofdaha Jecond ipaer Seceatki VREes prpeddsiihg ceabo foai d

second of the ports, during verj.ical. bl anki the display raster for
subsequent ad¥r¥SEFHY S?r%??’b%ﬂ?a‘(’:’tdgf’ ég;lesﬁggﬁfdfgfaby the character data to
wite the associated font data therein. 9. A raster scan display system

| ncl uding a randog AReess. BRI b1 N BELP i nGFNARG! OlraRlith 2] niy random
access menory Video buftfer 1nc Ing'a first mendry partition for storing
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horizontal retrace of the display raster for subsequent addressing of

the character generator by the character data and combination of font

data read from thus addressed locations with said attribute data to

generate video data for the display line following the retrace, and for
poctitien

transferring data from the second memoryxto said second of the ports

during vertical blanking of the display raster for subsequent addressing

of the character generator by the character data to write the associated

font data therein.

9. A raster scan display system including a random access memory
character generator and a dual port random access memory video buffer
including a first memory partition for storing character and associated
attribute data and a second memory partition for storing character and

* associated font data, means for updating the video buffer through the
first of the dual ports, means for refreshing the display by addressing

— the character generator with the character data from the first memory

partition through the second of the dual ports and for updating the
character generator through the second of the dual ports by addressing
it with character data from the second memory partition to write the

associated font data in the addressed locations.




