- Acircuit for providing a digitally-controlled chrome signal Th C
vention relates to the field of digital conputers, pdpt] Ma?ﬁrﬂ{—yoﬁ '
A Croconputers, having video display capabilities, and ™n particular to a C .
gcuit for providing a digitally controlled chrone signal in a digitally
' trolled, 5 raster scanned video display. In the |ast few years, there

as been rapid growth in the ugg.of digital conputers in hones by

hobbyi sts, for small business and for routine engineering and scientific

appl i cationy &fculiRerdP Prordiing tdAIFiBALTIF-dtAt@oEED NEL 10 Wi th

sel f - cont ai gsbmd Qli%g:vel y i nexpensive n croconputers or n Croprocessors

with essential peripherals, including disc drives and with relatively easy
t 0 manage conpuihe preentivm. réheterdiogthefftadufedigital chaprtersds

requi res consi derable ingenuity since each conputer nust nmeet a w de range
of 15 appPRERIGWEFlanwieracenpalers,s hayire:vide4isPt®W arly cost consci ous.
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raster scanne | ay and provi e range 0O ay cap ities,
such as hightékenzahied! ParoNdiBpidy.Charact er displays needed for word
processing in addition to high resolution graphics displays. To neet these
speci al i zed conmt ¢he Mefdis fegeyedd,l thabe et iveen tépid Froethtivel y
| nexpensi ve m croprocessor be '

the use of digital computers in homes by hobbyists, for

small business and for routine engineering and scientific
épplication. ?qr the most part, these needs have been met'

10 with self-contained, relatively inexpensive microcomputers ox
microprocessors with essential periphera;s, including disec
drives and with relativeiy easy to manage computer pragrams.

The design of computers for these needs-requires considerable
ingenuity since each'computer must meet a wide range of

15 applicaficns and ﬁecause this market is particularly cost
conscious.

4 home or small business computer must, for example,
operate with a number of different program languages, inclﬁding
those requiring relatively large megories, such as Pascal. The

20 computer should interface with a standard raster scanned display
and provide a wide range of display.capabilities,_such.as
high density alpha-numeric. character dispiayé needed for
word processing in additioh‘to high resolution graphics displays.

To meet these specialized computer needs, generally

25 requires that a relativeiy inexpensive microprocessor be

used and that the capability of the processor be enhanced



uggd and that the capability of the processor be enhanced -2- through @

circuit’ technlques This reduces the overall cost of the conputer by

requci ng, for exanpl e, power needs bus structures, etc. Another inportant
conS|derat|on is that the new conputers be’ capable of using prograns 5
devel oped for earlier nodels. As will be seen, the presently described .

m croconputer is ideally suited for hae and snall busi ness application. It
provides a w de range of capabilities includin advanced di spl ay

capabi | i ties notthrewshd °|‘1+’F"é(§rrf)%ﬂhabﬁ‘@ﬂorl'8?iﬂl ge WP thmpversld eq¥fe cl osest
avai |l abl e under the

t t t al |
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invention there is provided in a digitally controlled, raster scanned,

vi deo di spl ay f dhatisthewnéwh campritereCnpapaile uhnrshndlpa:pbagmqorow des coI or
i mges in response to chrone signals having 20 predeterm ned phase
rel ati onshi p 2 o 98veiapen ofpre eaxlgex| medelpy equency (f), acircuit for

Gener at| on neans for” 46BAd Phi P dep Pt RERL SR P e 71 ng
means is ideally suited for home and small business applications.

It provides a yide range of capabil;ties including

advanced digplay capabilities nof found in comparable prior'
1q.arf ccmputers. |

The closest pfior art computer known to.ayplicant

is commercially available undef the trademark, Apple-II.

Portions of that coﬁputef are described in U.S. Patent

No. 4,136,359. |
15 SUMMARY OF THE INVENTION:

According to the present invention there is provided in
a digitally controlled, raster scanned, video display for use
| with a microcomputer, which display piovides_
color images in response té chroma signals having
20 predetermined phase relationships to a reference éignal of
frequency (f), a circuit for providing a digitaily controlled
chroma signal comprising digital ﬁord.generation means for
generating predetermined digital words; serializing means
couple§ to said generafion means for répeating'eaéh word in a
‘25 serial form at a predgtermined frequency so as to provide
frequency compﬁnents at said frgquenc} £; and converting means,
coupled to said serializing heans for converting outputsifrom

said serializing means to an AC signal; whereby a video
chroma signal is generated.
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d. BRI EF DESCRI PTI ON OF THE DRAW NGS:

i ng the maj or conponents and subsystens of -
: Figures 2 and 3 together

BB and 't he architecture associated with

ata bus.  Figure 2 is a circuit

d
oytnae: the FB@PE nmeans associ at ed

e e S A B, 008

bootstragygg -only nmenory, and i nput/out put ports. Figures 4,5 and 6 show
the nmenory su systen1 Figure 4 is acircuit dlagranlprinarily showi ng 't he

y for Figakesta nmabst vatneddsess thb0na fralll pRbsdMaiagdr ess bus and
counter signals. Flgure 5is acircuit diagramprimarily show ng

areli taxtturei gamiciated with RRIBIGPUjevi ces.

Figure 6

is a circuit diagram show ng the organizati on of the random access nmenory

and its

.10

15

pa:t#culsrly the address bus and data bus. Figure 2 is a
ceircuit diagram primarily showing the addrsss bus and the
1ogic means associated with this bus. Figurs 3 is a
circuit diagram primarily showing the dats bus and its
interconhsctioh'uifh fhe memosﬁ buses (A bﬁs asd'B.busz,
bootstrap read-only memory, snd input/butput ports.

Figurss 4,5 and 6 show the memory subsystem. Figure 4
is a cirecumit diagram primarily showing the circuitry for
selecting betwesn.sdd:ess signals from the.address bus and

display counter signals. Pigure 5 is a circuit diagram

- primarily showing the gehs:ation of various "select" signals

for the memdry'dsvicss. Figure 6 is a circuit-diagram'showing

‘the organization of the random-access meémory and its inter-

20

25

connection with the data bus and memory output buses.
Figures 7 and 8 illustrate the invented display

subsystem of the computer. Pigure 7 is a oircuit disgram

ehowing the circuitry for generating the digital signals used'- |

for the video-diSpIaw. ?igure 8 is a circuit diagrsm of the
circuitry used to convsrt the digital signals to analog

video signals.



20 connecti;on with the data bus and nenory output buses. Figures 7 and 8
|IIustrate the invented di splay subsystem of the conputer. Figure 7 is a
Q|mvp|trd$agran1§homnng tthe circuitry for generating the digital signals

used f'of fhe video display. Figure 8 is a circuit diagramof the 25 '
C|rcu!try used to convert the digital si | s to anal og vi deo signals.

Figure 9 is a graph of several waveforms ed to describe a prior art

circuit and the circuit of Figure 8. -5 10 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON: A nicr ocorrpﬁ’t%ﬁres%k%m eamlbb@ sévagnilvvanpfarmasisad §6 aduRd ivé deo

di splay is disclose e f escription, nunerous specific
X %éln At r%u (gtg‘leo%’rf"féfegf Fagure &0 set forth to

details such as specCific par S
provi de a thorough understandlng. 5 - However,
it wll be obvious to one skilled in the art that the concepts

described in this patent nmay -be practiced w thout these specific details.
I n ot her |nstaq9es wel | -known circuits have been shown in bl ock dlagram
formin order not to obscure the description in 10 unnecessary det ai

10
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rring first to Figure 1, in general the described conputer includes a ~=
al processing unit (CPU) 65, its associated data bus 42, address bus
a menory subsystem and 15 a di splay subsystem 58. The address bus 46 =
T the CPU is coupled to the nenory subsystemto .permt the selection of
~ ocations in nmenory. Sonme of the dress signals pass through a nultipl exer
- 47. For sone 20 nodes of operation,/signals froma register 52 are coupl ed
t hrough the nultiplexer 47 onto the bus 46. The register 52 is identified
as-the Z-gedisteryand:biriP okl S5k tvkhfrdiyl ti pl exer 47 by the Z bus. The
gener al t : X nd its control by the logic
circuit 41 are described in detait 25 in conjunction with Figure 2. In
‘general, the circuitry shown to the left of the dotted line 53 is
i ncluded i n FRGUHEFOSORATTY SHESEPII2BBPLGRfRF E19 Aat 38 5ls S92 8
mul ti pl ex@faed3a a3y 9¥Maide1d8ed) | thNelfd BHi€owing® descripthbn, address bus N1
I's coupled to the read-only nenory 50. The output of this nenory is coupled
t o t he compuerensssmatifdipdetails stivh peasbesilfyc rpavdr puriR@y), 8Dockas will be
described, stores test routines, and other data of a general  bootstrap-
nature 1 okSpat 8FF1nPER 9t SOFEh oL BEITINS A BOORRUSH UAFSCARI R o | he
randorrgaccess menor y(RAM) 60 and gqwedds, fiomiil @bl Sousl RbSomls al so
e

coupl data to the Z-register 52 and other commonly used registers not
illustratskiilled in the art that the concepts described in this

1

patent may be practiced without these specific details. In
other instances, well-known circuits have been shown in block
.diagram form in order not to obscure the description in

‘40 unnecessary detail.

Referring first to Figure 1, in general the describqg
computer includes a central processing unit (CPU) 65, its
" associated data bus 42,-address bus 46, a memory subsystem and

15 a display subsysﬁem 58,

The address bus 46 from the CPU is coupled to the memory |
subsystem to pefmit the selection of locations in memory. Some
of the address signals paés through a multiplexer 47. For some

20 modés of operation, signals from a register 52 are coupled
through the multiplexer 47 onto the bus 46. The register 52
is identified as -the ?—register and is coupled to thé multiplexer
47 by the Z bus. . The general description of the multiplexer 47
and its control by the logic circuit 41 are described in detail

25 in conjunction with Figure 2. 1In general, the circuitry shown



< The data'bus 42 receives data fromthe RAM 60 t hr ough tho A bus and B €é§5y25
~whi ch «are sel ected by nultiplexer 43. The peripheral bus N2 is used, as'Fs
better illustrated in Figuré 3; for coupling to peripherals. The nenory
gsubsysﬁ~h1fs shown in detail in Figures 4 5 20 and 6. The address control
means Whi ch recei ves addresses on bus 46,/ nakes the final selection of
menoty | ocations wthin the RAM 60. Bank i tching, addressing for display
purposes, scrolling and other nenory mapping i.s controlled by the address

control neans 59 e [ e s i j4nction
with Figures 4 an?g\.% #1 RER&g/I ?SJ |d§€g omﬁq%n?%gt a?ﬁéﬁléc E?Jr%ggé?g%e
counter 58 which wisileyehe apiuzesl, wembry 60 ,haata dnisali 2 aamd mexumked_is‘pl ay

“signals, provides signals both to the address control neans 59 and to

t he displ ay subsy3¥e#hegn imdetpdpiayFianF&ydt em recei ves data from the RAM .
60 on the A bus and B bus and converts these digital signals to video 5
~signals which control a standard raster scanned display. A standard NTSC
color signal i generahedadmebsrimsmv Endoapbédicie anel zwhdt-enlm cewoxy gnal on

| i 198. Th | d te th | b
tlongener ate gezgri? e %gg,g‘&%égn‘,’ég’l_ ggnﬁ‘%gye[ \af sz’g’pgf‘gntﬁl 3*’9'?‘%’8‘%& g’glsaé
subsyst em 1048 .r eged \4@3 nmm&ea&-&axmﬁ&?oggggﬁ'\?m is0G | aglividlt he selsapsddd

color reference signal showm as 3.5 . This subsystemis
described in det aptodes Fegfureytingmdasd other data of a general bootstrap

nature for system initialization.
10 |

The data bus 42 couples daéa to the random-access memory (RAM)
60 and to and from I/0O ports. This bus aléo couples data to the
Z-register 52 and otﬁer commonly used registers not illustrated.

- The data bus 42 receives data from the RAM 60 through tho A bus
:-\J- ' 15.and B bus which are selected by multiplexer 43. The peripheral

bus N2 is uéed, as is better illustrated in Figure 3, for

coupling to peripherals.

The memory subsystem is ﬁhown in detail in'Figﬁres 4, 5

20 and 6. The address control means which receives addresses on
bus 46, makes the final sélection of memory locations within
the RAM 60. Bank switching, addressing for display purposes,
scrolling and other memory mapping is controlled by the address
control means 59 as will be described in greater detail in

25 conjunction with Figures 4 and 5. The RAM 60 is shown in detail
in Figure 6. The counter 58 which is sychronized Qith the

horizontal and vertical display signals, provides signals both
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(m croprocessor) enployed with the described conmputer is a
ially avail abl e conponent, the 6502A. This 8-bit procéssor- (8-bit v
hpus) which has a 16-bit addr? bus is 5 shown in Figure 3 with its

o]

nterconnections to the remai nder the conmputer. The pin nunber for each
i nterconnection is shown adj acent t he correspondi ng line. In many cases,
tthe flonen- clature associated with the 6502A (CPU 65) is used in this
applicati ofo theradit28p! contitoll MednC6D VAR thethw@iBpkaplstbiPstdni @BL Upt
signal *(NM), and pin 4 is coupled to receive the interrupt request signal
(IRQ. Sone of the signals enployed with the CPU 65, which are well-known
in the art n n t he
prosont | nvent {5h ag18f Frke B SR8ELar Bk " HPPRL SUBTEL the' "C o as
t he vari ous bhs sydh@Ehbasiaek convent;nahssemdgd:tmblsilggasi gaksdeolhe address
signal s gromthe CPU 65 are_identified as [ERR]. and [ERR]. The data signals
associ at éFAEPAhS ('HEchpeeRsrol, 8 %"r?é’\%ﬁr%s“[sl‘:'RF{]s anoe; 44sp}a¥apdhrent to one

skif] ed i nydaiRadf hersichEo £ G80AS d8SGEADIAeRToH NisheoD) lisglaOn My De

~enpl oyed wth 20 m croprocessors. erring nowto Figures 2 and 3,
t he gener ablaa:kcamd ednueeviqmr sigruilaphyltxtee 188 chiThec samee signals atsed W t h the

CPU 65 €@Mo generate these video signals can be used to generate separate

red, green, blue (RGB) video signals. The display subsystem
1048 receives numerous timing signals including the standard color
reference signal shown as 3.5MHz (C3.5M). This subsystem is

described in detail in Figures 7 and 8. -

s o o w

20

25

COVPUTER ARCHI TECTURE In the presently preferred enbodi nent, ,the ‘&

-~



‘best be seen. The address signals [ERR] are coupled to a 25 buffer 10
"By thesbus"shown primarily in Figure 2. These address signals are also \. -
coupled to the ROM 50. The signals [ERR] after passing through the buffer

2162 ar@‘oupl ed to the nenory subsystem The address signals [ERR] (higher

5 order~address bits) are coupled through Ijnes shown in Figure 2 to the
mul ti pl exers 47a and 47b. The contents of the Z-register 52 of Figure 1'is
al so connected to the nultiplexers 47a and 47b through the Z-bus ([ERR]).
The mul ti pl exers 47a and 47b al | QOMRUBERSBRGIUTFONURE eit her the signals

A8- A15 fromthe CPU 65 10 or the contents of the Z-register ([ERR]) for
addressing the RAM 60. The out put of these nultiplexers are shown as

AB- Al5; this designatipipeSpssant &Y YtetBered RAbLatHent], Stielcpgtegl. Note in
the case of the [ERR] signal, this sjgnal is coupled to the multiplexer 47a
-t hrough the excl usiigrom@Rcgaser)oempioyedenitinhesdedrirdhedreompupeniited | at er.
The address signals [ERR] . are al.so, coupl ed to e 50,,..t:hus the signals
[ ERR] are used fé:rom'e'{%‘ rleslsl?’ni'gvatlﬁ%gﬁ]\ﬁ%&ne"metgfgna Sl g?beﬂconnect ed
to the | ogic Cir giotesdsvishpit datd ) Weidh haBta QE-Bet AHdrEEgWwue 25 this
logic circuit corresponds to the logic circuit 20 41 of Figure 1. The input
and output dat® Shgmain Figere theitU o5 iarercodnpreiensyte BiedremrindsaaPf bus
(Lo the bidirectiqpal Ot OmeFhak nibe £oleSch!tilBEcimeReiEH e Shiun

di sabl ed by gate 0 . .

adjacent to the corresponding line. 1In many cases, the nomen-

clature associated with the 6502A (CPU 65) is used in tﬁis :
application. Fot example, pih 6 receives the nonmaskable
10 interrupt signal (ﬁﬁf)' and pin 4 is coupled to receive the
interrupt request signal (IRQ). Some of the signals employed
with the CPU 65, which are well-known in the art, and which are
not.necessary for the understanding of the present inQention are
not described in detail in this application, such as the various
15 sgnchronization signals and clocking signais. The address
signals from the CPU 65 are identified as'Ao¥A7 and Aa’AiS-
The data signals associated with the CPU 65 are shown as Dg-D7.
As will be apparent to one skilled in the art, the
concepts described in this application may be employed with other

" 20 microprocessors.

Referring now td Figures 2 and 3, the general architecture,
particularly the architecture associated with the CPU 65 can
best be seen. The address signals Ag-A; are coupled to a

25



all ow the output of -ROM 50 to be communicated to CPU 65 and during =
times not pertinent to the present discussion. The direction of

t hrough the buffer 99 is controlled by a read/wite sighal ¢oupled t@s -
tthe buffer through inverter 101. Data fromthe CPU 65 is coupl ed through

the buffer 99 and bus 42 to the 60 or to 1/0O ports. Data fromthe RAM

60 is 5 comunicated to CPU 65 orl bus N2 fromthe A bus and B bus: t hrough
the buffer 99. The 4 lines aof the A bus and 4 lines of the B bus are

coupl ed tguidee MU tHypleA¥ SSust SRowrbipkimaridly ihheiqidece. 4 THeses of the A and B
buses are coupled to the nultiplexer 43b. Miltiplexers 43a and 43b sel ect

the 8 |i naddugisst sgnalsuareralgo1eruniedakel Menhiohito%at eThheSa855 t hr ough to

buf fer 99, and 42, W0 | X . ' Lsabl ed (for

exanpl e, ﬁ%p\ﬂngggﬁ éaﬁéﬁif}‘hgg{‘%ﬂ‘ %‘% S%fe\%nr ﬁ?§§e&gggﬁﬁé§egbl ater, the 16
lines of tihe mémbuy subdyBtdmis pbeniddsethesigpalls iy-ah ;16hdghes from the RAM at
one tine. This provides a data rate of 15 16-bit ' ecessary,

b [ MHz whi ¢ch
for exahpPeien gRALgFsaBLERb AFE EPURISS FhTRMSY éb‘l’%ﬁ; shepR ’dgt%égi’ée |“oaded into

the RAM 60, tgfebhﬁﬁtﬁheﬁefé NBra. 1K€ HIYV SPhe 2ontENEd Q2Cthe H-Pe§EsdeSt
prograns, data. 20 needed to initialize various registers, character

gener at i 0B2 deft Xighos IRAM 4B ebniqhedetq)thendubtinkexees af Bandta. Specific
Loor o, BB el Ml BLESRILAN P SRR B i comus e e
its pins Qﬁléuuihgoseiection of either the signals Ag-A,. from the CPU 65
10 or the contents of the Z-register (21-Z4) for addressing the
RAM 60. The'outputubf these multiplexers are shown as.As-Als:
this designation is ﬁsed éven when the Z-bus i; selected. the
~in the case of the Zgp signal, this signal is coupled to the
multiplexer-47a_tﬁrough the exclusive OR gate 90 for reaspﬁs
15 which are explainéd later. The address signals Ag;All are also i
coupied to the ROM 50, thus the signals Ao;All are used for |
addressing the ROM 50. The signals Ag-A;g are connected to
the logic circuit shown in fhe léwer left-hand cbrner of
Figure 2; this logic-éircuit corresponds to the logic circuit

20 41 of Figure 1.

The input and output data signals from the CPU 65 are
coupled by a bidirectional bué to the bidirectional buffer 99
(Figure 3). This buffer is selectively disabled by gate 100
.25 to allow-tﬁe output of ROM 50 to be communicatéd Eo'CPU 65.and

during other times not pertinent to the present discussion.



@.identifigd as signals ROM SEL and T ROM SEL. Any one of a plurality of @

comer i al |y available read-only nmenories may be used for the ROM 50..
J rB}-he .esent | y" preferred enbodi ment, comercially available Part No. .
'SYZ3338i s used. Referring nowto this |ogi QC”CUH (lower |eft-hand corner

5 of _Figure 2), the NAND gate 81 receives{the address signal A8 and al so
the alternate stack signal identified as ALT STK. The out put of this gate

provi des one input .to the A ate 87. A n S aI

t hr ough t he |n\;‘§\‘e kv ) l\Eé%Hpﬁfmf“glr’rﬁ' g geq‘tﬁg lgi8k3yand 86.
The address si gngksaahitERRgrandcb iRl 86 ecneouik g ttﬁrém unmtetreum nal s
of the NOR gate 83. The output of this gate is coupled to one input

t ermi nal of th@amAl\D‘Qjat"-és Y &Adiscoapded Harangh gdeebgffer Theandddress
signal s [ERR 3L SOHP| theto rip)ét {)grsm ngaé cgr }nhﬁh N%M S4. The
i ph ] of 't he

signal [ERR] is %o coup e %5 an erm na gate 85.

The out puts &f ddaﬂuAMAt@ates &0 aﬂobx%u(stw Tugh tHRAgBLE 9) B B kthobsgt he
mul ti pl exers 47a and 47b. \When the output of gate 89 is lowthe Z-bus is

sel ected, ot herfissBUEfRF dddr &3¢ 20115,'1°tjn8F sther brﬁ"fs’né‘“E‘:PU imegy ef fdreeBt ed.
- The Togic circy d}s ?V&Wgﬁégrt‘fﬁ%ﬂe rﬁ]ﬂ:’lﬁp é).hdgg %195! aH €né GEnSLEEr
pert or nance

provi de enhance or the cofrputer rst, t Is’circuit permts

the zero page ot liass gfagbedmtamd?2B huseclscand mdlémrmghmﬂultlhplﬁtwl é0b.

rat her than jUSt on zero pag . Secondly, this _circuit _enables addreSS| ng

: Multiplexers 43a and 43b select the 8 lines of the A bus -or

of alternate _

10 bus and communicate the data through'to buffer 99 and bus 42.
These multiplexers are selectively disabled (for example, during
writihg) by_gaée 102. As will be described later, the 16
lines of the A bus and B bus permits the reading of 16-bits
from the RAM at one time. This provides a data rate of

15 16-bits/MHz which is necessary, for exémple, for an 80 character
per liﬁe-dispiay.' The data is loaded into the RAM 60, 8-~bits

at a time.

-The ROM 50, as mentioned, stores test.programs, data,
20 neéded to initialize various registers, character generation
data (for RAM 162 of Figure 7) and other related data.
Specific programs employed in.the presently preferred embodiment
of the cdmputer are set forth in Table 1. The ROM 50 is |
selected by control signals coupled to its pins 18 and 20,
25-identifigd as signals ROM SEL and T ROM SEL. Any one of

a plurality of commercially available fead-bnly memories may be

TR S TR | WEREEPe:: tauist an i, WS W E WIS PTS § T s o=



ocations (other than page one). Lastly, this circuit through thews
gter provides a RAM pointer for direct nmenory access (DWVA). Assune
W poses of discussion that the CPU 65 is addressing the zero-page of \o -
enbry/ That is, the higher order address bits A8-Al5 are all zeros. The a
s” for [ERR] are detected by the gates 83 and 84. If all the inputs to
these gates are zeros, the outputs Jof these gates are high which condition
is comunicated to the gate 87. : A8 whi ch i s al so 10l ow, insures
that the output of gate 81 will '‘be high. Thus, all the inputs to gate 87
are high, “éaﬁsﬁ%gtf‘ﬂe“% §hal T thRePTAFEAELY T SfREFFaeBPENT tr op. \When

this occurgmémaﬁgdﬁgﬁa gé &8 no | Qﬁ,tzg?g Qf ug%& the binary zeros from

t he CPU beling cou mal n nmenor the contents of the
Z-register formpart of the address for the nenory. Therefore even though

the CPU 65 has_sel ected the zero ﬁage nonet hel ess data may. be witten into
or fromany | REREFEINDMORARP 6H 6 eFtfichgcrhe Faver geférharthicerBhances t he

per for ngn 4 Y éhﬂﬁ@ ate BXAMLEved & tb&@r&%nﬂ'&%i shifting
dat a 23§1t %%aﬁjdg ftjr%gr%pg sri ngl e zJero page |sv?n ni r$1 zed. Nornally, gt he CPU 65

sel ects pagé @hsp ftbe sltechatecetachnsigrbii sdeuudisd e ALTERIY. i s high and

[ ERR] arEET e outpu ug? f'JSSEaéé prov1des one anut to the AND gate 87.

The Ag s;gnal is also coupled through the inverter 82 to one
input termlnal of the NAND gates 85 and 86. The address signals

10 Ag and Ajgy are coupled to the lnput terminals of the NOR gate 83.
.The output of'this gate-ié-coupled.to one ;qut terminal of the
NAND gates 85 and 86 and the AND gate 87. The address signals
All’Als are coupled to the input termlnals of the NOR gate 84.
The 51gnal All is also coupled to an lnput termlnal of th

15 NAND gate 85.

The outputs of the AND gates 87 and 88 (through NOR gate
89), controls the multiplexers 47a and 47b. When the output of
gate 89 is low the Z-bus is selected, otherwise the address .

20 signals from the CPU 65 are selected.

The.logic circuit above-described, along with the Z-bus
_ and z-register provide eﬁhanced-performance for the computer.
Firét,this ci:duit permits thé zZero page Qr.bdse page data
25 to be sforéd.ﬁhroughout the RAM 60 rather than just on zero
page. Secondly, thié circuit enables addressing of altefnate

stack locations (other than page one). Lastly, this circuit



it hat the alternate stack |ocations have not been sel ected. Both i nputs to
wedte 84 aré high and its output is low The lowinput to the gate 87 L
prevents the sel-ection of the Z-bus. Thus, for these conditions the addres

"si\ghe}l | ERR] select 5 stack |ocations on page one. Next assume that page
one ha been sel ected by the CPU an at the ALT STK signal is |ow, '
indieating the alternate stack | ocatfi are to be selected. (A flag is

Set by the 10 CPU to change the ALT STK signal). Since the ALT STK signal
"is lowand [ERR] is high, a high. output occurs fromthe gate 81. All the

inputs to gat egnBug¥n8%-aegibeuy pkberded a, bt ghintdPifos enmet from both
these gates. The conditions of gate 87 are net, causing a high output from

this gate and momery sgeese GMdput 15 fromthe gate 89. The Z-bus is thus
- selected by the multiplexers 47a and 47b. This allows the contents of the
Z-regi-ster to be used as alternate | ocations. Non-zero page | ocations are

assured by inverti ngsuhRRior 'Ehe;:@&l usi visclRs o @hl0 &t gpases isel ecti ve
‘inverter. If [ERR] is hlgh and [ERR] is-low, then [ERR] at the output 20 of
" the mul tipl efiedddressing| Ehp Ze5q, PGS OF tMARCTHur i Gtz & 0 HHEgBIFNATCEFIH when

[ERRL 1 o Ll LBl 81 AR o1 5 o1 §04dabac TN SRLE L NAOUAN. Rl e, 90O

the output of mu the logic circurts alo the ALT
STK signal 25 akatec\lsecnlbyetmtgetss &K ahdcai.i ong 410 lnees.eipeuwetb ttheseigh t he
Z-bus. This further enhances the performance of the CPU which would

otherwi se be | FAFERPR0 2P GRE THPUEE R% thEE%t9a5RE. are high which

condition is communicated to the gate 87. Ag which is also
10 low, insures that tﬁe output of gate 81 will be high., . Thus,
all the inputs to gate 87 are high, causing the signal at the
bﬁtput of the gate.89 to drop. When this occurs, the Z-bus
is selecteé..'Instead of all the'binary-zeros,from the CPU
heing coupled to the main ﬁemory (RAM 60), the gontents of
15the 2Z-register form part of the address for theé memory. Therefore
even though the CPU 65 has selected the zero page, nonetheless
data may be written into or from any location of RAM 60
{including the zero page). This enhances the performance of
the CPU, since for example, the time consumed in shifting data

20to and from a single zero page is minimized.

Normally. the CPU 65 eelects page one for stack locations.

This occurs when Ag is high and Ag-A;g5 are low. Assume first

25



‘ovi de a pointer during direct nenory access (DVA). Assune that direct
i%ﬁ%iate 5 the DVA node the CPU provides an address between F800 and F8FF..
gh a logic circuit not illastrated in Figures 2 and 3, the ROM SEL
signal is brought |ow for addle ses between FOOO and FFFF. This signal is .
comuni cated to gate 93 and causes the output of gate 92 to rise (DVAl is
hi gh at yi{dd $nbidBerndbd SthlkicRtiBnPHLRt hed HesnCOOTAHRREAt €d t O one input

of the gate 85. Additionally, gate 85 senses that the address bits [ ERR],

[ ERR]- abrekd ERFptaarte gobve 8thpseilifobr ped iids petmdupbelPv-o §hee 85 through the |

~inverter 82 and the, NOR gate 83 as, hi si l.S. sq. the fact that Al is
“high i s{%fl' rlélgf’?ytocgﬁﬁu a|‘%atr82 ?eovefgﬁa% 55.98 oS, é\%vi%? ?ﬁgu%ddr ess between
F800 anthJds3FEot NthelbPcdd itiigneal eHdr apsrdss Bogedlls A ~AflHedets sensed by the
peri pheral apparatus which in turn causes the DVA 1 signal to drop and.

pr ovisdestackr daeRtiang e Raget PRE-CPU 65. Wth the conpletion of this
handshake, data may begin. to be transferred 20to the RAM The DVA 1 si gnal
t hrough gate 93 and inverter 93 forces the T ROM SEL signal |ow. This
signal in adidxtiassume bistngagenmenheatismnt seldmeROMW Sthe i s coupled to the

buffer 99 througgt %;‘}Siga{\_ffjé%% sgénsaaiblignlgo thi's puffer (during the reading of -

ROM 50) €FU and & _ |
stack locations are to be selected. (A flag is set by the

w, indicating the alteérnate

10 CPU to change the ALT STK signal). Since the ALT STK signal
is low and Ag is high, a high 6utput occurs.from the gate B1.
All the inputs to gates 83 and 84 aré low,'therfore;_high outputs
occur from both these gates. The conditions of gate 87 are
met, causing a high output from this gate and lowering,ﬁhn'output
15 from the gate 89, The Z-bus is thus selected by the mﬁltiplexers e
47a and 47b. This allows the contents of the 2—fegistér.to.be._
used as alternate locatioms. Non-zero page locations are_assQred
by inverting Ag. The excluSiVe OR gate 90 acﬁs as a selective
inverter. If Ag is high ahd'zo'is low, then Aahat the output
20 of the multiplexer 47a will be low. Note that during zero
page selection Qhen Ag is.low; the Z, signal is directly

communicated through gate 90 to the output of multiplexer 47a.

Thus, the logic circuits along with the ALT STK signal
25 allows alternate stack locations to be selected through the
Z2-bus. This further enhances the performance of the CPU

which would otherwise be limited to page one for stack locations.

The logic circuit of Figure 2 is also used along with the Z-register to =

o

s to the conputer's nmenory is required by a peripheral "apparatus.. ToJ v



""-LAI,-so, the ready signal causes the CPU to cone to a hard stop. Inportantly
the DMVA | si gnal , after passing through the inverter 94 and the gates 88
and 89, assures <t he selection of the Z-register. The contents of the
*Z-vegi(stler dre fixed and 5 provide a pointer to a page in the RAM Under
t he abuve conditions, the CPU increnents | ower 8-bits of the address
signal. The ROM. 50 furnishes the instructiiyns for increnenting the addres
specifically SBC #1 10 and BEQ The peripheral apparatus provides the dat
or receives the data fre SIH3eBr Olticadt i 60 Fahfe thesGldcopesdtdiong wiwh
peripheral also furnishes a read/wite signal to indicate which operation
is to occur. Datathes 2rregiskert te®rPhide RARPHIEEIHAYr N SABCHUSSRITY or read
fromRAM via the fead thilysesniliflelondta ble, LIBOLL 23! L Mbllelits above

DVA arrangenent, . resses fromthe peripheral apparatus are

=

S,
a

ot necessary

‘and t he Z-regi st aienogyusedejoifsdbiyde perpphatalr appamatpage Ta iRAMOE 20 25

MEMORY SUBSYSTEM The nenory subsystem shown in Figure 1 as the address
control neans 59 HifdPEANMKSE the GRU,BFHES M ad‘éfgf? herween, 39 and F8ERq

6

as mentioned. |n fQupRS 40806 Surchle JBRREVuHQALES! 1 TREGSdsS 2SRy, Whil e

in Figure 6 the nenory devices 5 and their organization are illustrated.
The address contriiie ROM SEL signal is brought low for addresses between F000

and FFFF. This signal'is communicated to gate 93 and causes

the output of gate 92 to rise (DMAT is high at this time). This

10 rise in potential is communicated to one input of the gate 85.
Additionally, gate 85 senses that the address bits Ag, Ag
and A;, are low. This information is coupled to gate 85
through the inverter 82 and the NOR gate 83 as high signals.
- Also the fact that Aj; is high is directly communicated t»
N, . 15gate 85. Thus, with the address between F800 and F8FF the
. DHE OK gignal drops-in-potential. This is sensed by the
peripheral apparatus which in turn causes thelﬁﬁK—T éignal to
drop-and provides a ready signal t6 the.CPU 65. With the’
completion of this handshake, data may begin to be transferred

20 to the RAM. e

The DMAT signal through gate 93 and inverter 93 forces
the T ROM SEL signal low. This signal in addition to being
communicated to the ROM 50, is coupled to the buffer 99 through

25 gate IOO, disabling this buffer (during the reading of ROM 50).
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ans of Figures 4 and 5 receives the address'signals fromthe CPU 65, o’
RR]), the count in the vertical and horizontal counters (counter 58 of ..
gure 1) which are used during display nodes, control signals fromthe G -
ytd ot her signals. In 10 general, this control neans devel ops the address
Signals which are coupled to the M of Figure 6 including the colum .
address and row address signals, fcoomonly referred to as CAS and RAS.

‘Ot her related functions are al so shown in Figures 4 and 5, such as the

ci r cui t r yAb#e clehpresAddesighadpicayses the| ¢y to peme det 2 18prdRA/PRAdr essi ng and
‘menory mapping.  The ElLgur e i - pbi t..address for' :
addr essi ngg?%rg:aﬁﬁ?ﬁ)’r %QW grllz I nar f}‘%%‘?{ %uﬁg?g%?;gs%g?% sth%ddress limts the
MeENDry capmedrdtért 94 Ghid byé emtedh8® anidz @9 peisBoye® khel Seldtuibhi 6f ent in nmany
applications, as for exanple, to effectively use the Pascal program

| anguage. the AWrrPigeerdesthe (oRteRty OLatht TELIFFEoTt REC ALfdEsetont rol neans
of Figures, ./ d,5 e e nepry having a 96K byte or 128K

byt e ce?pa fﬁ/ﬁgoﬁepme .ng%%vt%mptggghﬁ &ggwhl'ch' is used 25 with the present
invention for increasing this capacity is bank switching; this swtching
occurs under the control of the In_addition, the address control

. CPU.
means uses a (HRPGhcthAPPER tCoRAdFERS nhFdEY RRFTETPERFBVIRRESOFRE benefits of

bank ‘swi t gbhi\G oROVEY Yaarbdd SigRYE. daks RGM soeBkidgneBUigontrol.  This.
greatly enhances CPU operation"with the larger nenory (as will be 5
descri bed)nstmwrtdonpdiced incrdrien tORL thenaddridsed bpeddfiwalhiskg. #1

10 and BEQ. The peripheral apparatus provides the data or receives

the data in synchronizat;on with the CPU operation. - The
péeripheral also_furnishes;a :ead/write signal fo-indicate which-
Opération is to occur. Data is then written into RAM via

bus M2 and bu§ 42, or read ffom RAM Qia the A and B buses and

15 bus N2, - . . S o/

Importantly, with the above DMA arrangement, addresses
from the peripheral apparatus are not necessary and the
Z-register is used to providé'a pointer to a page in RAM 60.

20



“Referri ng; first to Figure 6, the RAM configuration is illustrated for a )
“eapacity of 96K bytes. The nenory is organized into six rows, each of wh
-includes eight 16K nmenory 10 devices such as rows 111 and 112. In the

wprésemtTy: preferred enbodi ment, Part No. 4116 MOS dynanic RAMs are used.
(The p+A designations and signal designat s refer to this nmenory device.)
Qobviously, other nenory devices may be enproyed. 15 | nput data to

. these nenory-devices 106 is provided fromthe bus 42. Each line in the bus
42 is connected to the data input MesoRy suBsesTrMe device 106 in each row.
The interconnection of this bus with each of the nenory devices is not
shown in Figure 6 in order. not to overconplicate this drawing. By way of 20
exanpl e, however, |i rmbel@dnaynaebsystemesidamainiRigbretb ashéheladdreaput '

term nal of one of the menory devjc L0 each, of the_six.r . . Three rows
of devices 106 h59R% eF‘?a’bﬁ%Buf‘“‘{é’ﬁﬁikgl? églﬁﬁfﬁltﬁﬁ 1t"odfeg%’,'slAlt‘S'us, and
three rows are spidd s ¥, PUnRhes dOmbheidReldys. 1B¥iYaved s aX&MND) Qhel héidry08

connects three output termnals of devices 106 to the DB7 line of the B bus
while |ine 109 cenamtnsismeansedsoshqrm, weild dal Bipfret hethiowenexy H@8ices t he.

DA7 line of the A . The .descri bed nenmp devices 1 are each
organi zed as 2 18@%%%%%5“1'%@1,"%35% ’erizl\?is(%a?egéei @%es aglgiﬁﬁ)ictongﬁ"d]f ess
which is tinme nuhkagd fedidutie® 4 VEhd B- bedeinddl €155 Q8drddt Sighald Frexi ng

occurs under the control of the CAS and RAS signals
: the CPU 65 (Ag-A;g), the count in the vertical and horizontal

counters (counter 58 of Figuré 1) which are used during display
modes, control signals from the CPU and other signals. In
10 general, this control means develops the add;éss signals which
are coupled to the RAM of Figure 6 including the column address
and row address sighals, commonly referred to as CTAS and RAS. {
Other related functions are also shown in Figures 4 and.S,
such as the circuitfy which provides display scroiling, indirect

15 RAM addressing and memory mapping.

The CPU 65 of Figure 3 provides a 16-~bit address for '
addressing the memory. -Under ordinary circumstances this address
limits the memory capacity to 64K bytes. This size memory

20 is insufficient in many applications, as for example, to
effectively use the Pascal prograﬁ language. As will be
described in greater detail, the address control means of
Figufes 4 and 5 enable the use of a memoiy having a 96K byte
or 128K byte capacity. One well-known techniqué which is used

25  with the present invention for increasing this.capacity is bank

switching; this switching occurs under the control of the CPU.
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| s wel | -known. The lines coupling the address signals to each.of the
jces'in Figure 6 are not illustrated. However, in the |ower right- hand .

er of Figure 6, the various signals applied t'o edch device (1 ncl udi ngu .
address signals), along w tt?,éhe correspondi ng pin nunbers are shown. :

@t her circuitry 10 not illustra Is the refresh control circuitry which
operates in a well-known manner conjunction with the CAS, RAS and

address signals to refresh the dynam c devices. Each row of nenory devices
106 receﬁnveédia:itmi-qﬁee @dﬁbbﬂs cpﬁambme@hscﬁﬁsanduﬁﬁﬁesiigmadqct For exanpl e,
row 111 r ce| ves CA arly, row 112 receives CAS 0

and F\’ASa(51 SSinEhE°%% “’ lﬁ’[ |%51°V&F°f h‘e}E3 b&%é?aﬁ oRARn FHAFENG  described in

conj unCtHoGBvéMI h:hElsghb’cE: does msﬁeédmabﬁu (c'iJnQleW' t‘I‘f'u.Eh@re']aQIPI t address
si gnal s) S)ermt the selection of a single 8-bit 20location in"the 96K
byt e- me®3Pg"FI CPHr PRIGAFECA ML R §Be tifegge| nemosy| bas (Wfléi beadi ng) of 16-bit

i ng® 39K GEnd] HERY (Reeat QS IR RaRAITESark, Ru€Sndl C Tour rovs

of eight, 32K nenory devi ces are used with each row recel ving two CAS and
- RAS signals. Before reviewing Figure 4, a general understanding of the
or gani zat i onReFeTERRY off 5k ato | ELINER of ulthe BME c@n§igusptignrisiy certain nodes,

s organigdeliia 9. oLazaeldy %egmg%eend 4 Ygidi, gk segments for o
total of 1920 bl ocks. Its ™5 counter ¥ Igure 1 are used as.
part of drigenizkil dsso six rows, each of which includes eight 16K memory
10 devices such as rows 1lll and 112. 1In the presently preferred
' embodlment, Part No, 4116 Mos dynamic RAMs are used. (The pin
designations and signal designations refer to this memory device.)

Obviously, other memory devices may be employed.

15 Input data to these memory devices 106 is provided from the o’
bus 42. Each line in the bus 42 i; connected to the data input
terminal of one device 106 in each row. The interconnection of
this bus with each of the memory devices is not shown in Figure
6 in order not to overcomplicate this drawing. By way of
20 example, however, line 107 connedts the data bit D7 to the data

input terminal of one of the memory devices in each of the six

rows. -

Three rows 6f.deﬁices 106 have their_output térmihals"
25 coupled to the A bus, and three rows.ére similarly coupled
" to the B bus. By way-of exaﬁple, line 108 connects three Qutput
.termlnals of devxces 106 to. the DB7 line of the B bus whlle 11ne

109 connects three output termlnals of the devices 106 to the

DA7 line of the A bus,
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S|gnals for the nenory to access data for displaying during these nodes. l{
“Fhese count'er signals are shown in Figure 4 as [ERR] and [ERR]. During 3
ot her di splay medes each hor’i zontal segnent is further divided into 8
séghen 2(e’g. for displaying 10 80 al pha nuneric characters per line).
This* rgZuires 3 additional vertical timng gﬁgnals shown as [ERR], [ERR]
and [ERR] in Figures 4 and 7. Oten in the art, two separate counters
are used to 15 supply the tim ng/address signals for ‘accessing a nenory

when the data in the ARITRLYc el SRlYCeiclloL6OUIL LOLORE ERALEL,

represents the horiz I'nes o Sscreen ver I'’cal ~cou and

other the positianiletxngenach | rhes, (aoni dndcal rafeittes £AdRbIt addRes@mNy

prior art displays the npst S|qn|f|cant bit 20 of the dot counter is used
u

to increnent the“PifR iSobhtemulgiplexcd AR MYOF nf HHetI456S 8P s pI Ty Si s
mapped with a On‘ﬂmiglﬂré‘?uﬁer&@ui‘g'%etrotfn@%oﬁgygf %f' @hé @@eaﬁ@m‘eg%%nah@

another prior.art system (inplenented in the Apple-1I conputer sol
~ Appl e Conputers lasciy waiﬂskunwa-tonﬂuiloeerQuaﬂuunluhe a@draﬁsedxgdﬁisRaoher
to conserve on circ

it si.ngl e, c unter and a_.rmore di sper sed
AN s TR Rt o ISR SR N T T
of 80 is used, t RinS LR&INRGEr righR0Rsa Rerh@PIRseDiad BY @ld vaBesud Ridnals
digital counter and thus the vertical counter cannot easily be incréenented

by the nost signiabPéter toi ea¢h deMéceoriipeindingc bimiaddryssisigaalsii s akone
di spersed mappi nq’ EEC&“' %orrtiespd%girtzg Opr.mt rr\]t?mlperrlsogre s o%gg Other circuitry
10 not illustrated is the refresh control circui;ry which operates

in a well-known manner in conjunction with the CAS, RAS and

address signals to refresh the dynamic devices.

Each row of memory devices 106.receives_a.ﬁnique combin-
e "~ 15ation of.EK§ and RAS signals For example, row 111 receives CAS
5, 7 and RAS 4, 5; sxmllarly, row 112 receives CAS 0 and RAS 0,
3. The generation of these CAS and RAS signals is described
in conjuhction with Figure 5. These signals (along with the .
_ 14-bit address signals) permit the selection of a single B8-bit
20 location in fhe 96K byte-memory (for writing).and also the sel-

~ection (for reading) of 16-bit locations.

- The memory of Figuré-s may be expanded to a 128K byte memory
by dsing 32K memory devices, such as Part No. 4132, 1In this:
25 case, four roﬁs of eight, 32K memory devices are used with

each row receiving two CAS and RAS signals.



\itical to an understanding of the present invention, it shall nqot be e
/Y bed in detail. However, the manner in which it is inplenented shall
scussed in conjunction with the adder 114 of Figure 4. For purposes e -
Assion, the signals fromthe counter 58 of Figure 1 are designated as '
er io vertical (V) or horizontgl 4H). Referring now to.Figure 4, the
sel ection of either t he counter SI na S on the address signals fromthe CPU
i's made by the t| Ie.xers 1 f these com 15
“merci al 1y avai Ta5re ISl xer r'(’Pa?t élong‘“[l]%sﬁgérsﬁggglg eOEE)f four input
lines to &Ineobh&guﬁtz.zhtikﬁx ofThleé @laf)EaﬁthhelgﬁmﬂtS e @ikpley exers 116, 117
and 118 and the outputs of these multi- plexers provide the address si gnal s
for the nﬂrﬁ‘ﬁﬂ‘%scc(rARU‘t“}ﬂdG(aghl%ﬁ\RS)la"q’r?é ke 89 BReizonteglng@Imedtf i nputs on
its pins Ides I,Ag p pi {y 4 he AR6

addr ess s%’gr;‘rd\afq 2/(Q:fﬁ:"cm gn gﬁg%p% |aéglt°t%g'ﬂ. Jﬁﬁsﬂﬁ Hifz&éagnd g]f% bc?ftgrrul tipl exer
119 are f @f eharnmungepwqoasesxglnhyl)a%eséd(a prat of5 thppaddesso the pin 14
of each of the 25 multiplexers. The si on this:line and t he signal -
appl i ed t $igPatD fogethe rﬂeﬁ‘BEYV\'irﬂ @R°Bts %ﬁéaf B SFAPIREEsIBO ed to each of

the out putegeef J;Ja%srmléﬁé;'eeésﬁx&ermeg:@issw@aéhdwa fn PANWEEM NG signal
for clocking the first bi'ts and second 7 bits of the nultiplexed 14-bit
address aml-ﬂgda:td)%av,h ofDurhmg mm:ydmmzemodb%eacii'ﬁ@rozmalcont r ol '

10 80 alpha numeric characters'per line). This requires 3

additional vertical timing signals shown as Va, Vg and V¢

in Figures 4 and 7.

. Often in the prior art, two separate counters are used to
15 supply the tlmlng/address signals for acce551ng a memory when : TN
| the data in the memory is, dlsplayed " The count 1n one counter
represents the horizontal lines of the screen (vertxcal count)
and the other the position along each line, {horizontal or
dot count). In many prlor art dlsplays the most slgnlflcant bit
-~ 20 of the dot counter is used to increment the line counter. Data
in memory intended for dlsplay is mapped with a one-to-one
correlation to the counts in.these counters. In another prior
art system (implemented in the Apple-II computer sold by
' Apple Computer, Inc.) this one-tojone correlation is not used.
25 ‘Rather, to conserve on circuitry, a single_eounter is empioyed
and a more dispefSed mapping is used in the memory. (Note that

where a maximum horizqﬂtal count of 80 is used, this number



* 5 display signal (DSPLY) which indicates that the conputer is in a disp
~Abde and & clocking signal, specifically a IMHz tining signal (CIM. TR §
output of the AND gate 123 determ nes whether the address signals fromthe.
* CPU os-t he 'signals associated with the counter 58 of Figure 1 are selected."
10 As@grre for purposes of discussion thgt the display has not been
sel ected, and thus, the output of gate 28 is low The AX si gnal then
selects for pin 7 of nultiplexer 116 first the address signal A0 and then

AG Likew se, eagdhnet bd@ebPefBHtllPbeXANScRed a6t 8 @iyidddreamest o (except
for those associated with exclusive OR gates 124 and 125 which shall be

di scussed). |f tHwsdrhelvwertitghsouptethicghnahdagihly hpdnciemgptederit theom t he
gate 123, then, by way of..examl.e, .t ‘signal ,first causes _the [.ERR|
signal and then “t'%set PERRT ISP ORAT: t(l)"ll}gwégmé’bhﬁ'eg e%olint&efhe Ehfm%atdlrlesss
line. Simlarly,méreJadfercet GfipRAG| tirhn@qhdiasvphtt GF tAOGAMGEI 2ONtaal count
are coupled to the other address lines during display nodes. The adder 114
is an ordinary dif cattirddetofdy vadeFsigrehes 2f therregrnt tdivepknes and
for providing a gi Qi i : eL Cilal | LI e (Part
No. 283) is eml%éy%g%f#h%l{(qg%r%}?%uf% ﬁngggﬁg{%di'n %‘3@?@?@% ggﬁ%\ g‘no
carry-outs occurwhichCét aize inpléneatedsHall(pé Rik2pssad Ghockhitict Idve wadHer
sums . the digital signal corresponding to [ERR], [ERR] and [ERR] with the
digital signal cote a8fendiidget FighrR 4. [ ERR|PUIPERES of gRRFuSSipRe $hesul t ant

"signals from the counter 58 of Figure 1 are designated as either

10 vertical (V) or horizontal (H).

Referring now to Figure 4; the selection of either the
counter signals on the address signals from tﬁe CPU is made by
the multiplexers 116, 117, 118 and 119. Fach of these com-

A . 15 mercially available multiplexérs (Part No. 153) couples one of
four input lines to an output line. There are eight inputs to
multiplexers 116, 117 and 118 énd the ouﬁputs of these multi-
pPlexers provide the address signals for the memories (ARO through
ARS)g The multiplexer 119 has four inputs on its pins 3, 4,

20 5, 6 and provides a singlé output on pin 7, the AR6 address
signal.” (The signals supplied to pins 11, 12 and 13 §f

multiplexer 119 are for'clamping purposes only.)

The AX sighél is applied to the pin 14 of each of the
25 multiplexers., The signal on this line and the signal applied to
pin 2; determines which of the foﬁr.inputs_is coupled to each of

the outputs of the multiplexers. The AX signal is a RAM timing
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sum signal is coupled to the nultiplexers 116, 117 and 118 as i | lustrated.
Fhe summi ng of these horizontal and vertical counter 5 signals is used to. .
5%y de the nore dispersed nmappi ng as, previously di scussed. The adder 121 =
identical to adder 114 and is c p{ed to sumthe three | east significant

I cal counter bits fromthe counter 10 58 (Figure 2) with the signals:

VAL, VBl and VO . The sumis selected by the multiplexer 120 during the

hi gh resol ution display nodes and also during scrolling as will be

descri bedsignedson wrskifmitieafrstodpbis eadtIreaMmdl 7ipitexefsther7, - 118 and
119. Durin e | d t | tdnid§X88v ikl 15coupl es
ground si glgltl ?%’F%t,vﬁét %g%g\td gfggin?all% ggctt1 hJeEert%u tr{i pl egersnlﬂ 118 and
119. (Theirds&x S‘hgrt&lhchcduSﬂ'@blf etgrs:pewatthmppthgepursosaeslpvelm;:qﬂert| nent to

t he present invention.) During th e hi. gh resol utjion nodes when the displ ay

i s not beHPUger e é‘&“’ e \]/Z\ %%“R?Bé%f'b’naﬂé‘t%r%" at"§r ound pot enti al

20and Ehuélélﬁj@u ad Qﬁ@éﬂﬁ W’li&i &naﬂgﬂeslgﬂa@-r@\et B&mplierVBs afifl aVC si gnal s

are coUpl ed dlre y to the multiplexers 117, 118 and 119. The address

si gnal s Ad{splayl mO%dmAl@ logkind e igpal ar@ezsémﬂd-lla'datb‘“tzhélmna i pl exers

117, 118 and 11 tivel u xcl us aIes 124 . 125, and

126, resp%ﬁ'ﬁj} ?CTF hggg? heﬁ'pxﬁp {ﬁ?’e?&’"ﬁ agetiéy‘géitcgg ﬁe?beg recei ve
“the G thé giaakesmllgaawefz@hhelﬁe idPRUbr t s Dgha 1af aEb&:i}z’ﬂeﬁ @2h r ecei ves

- the [ERR] signal. (The devel opment of the [ERR] and [ERR] si gnal S is
the counter 58 of Figure 1l are selected.

10
Assume for purposes of discussion that the display has

not been selected and thus, the output of gate 123 is low.
The AX signal then selects for pin 7 of multlplexer 116 first
the address sxgnal Ao and then Ag. leew1se, each of the

15 multiplexers seleets aﬁ'eddtess signal {except for those . [
associated with exciusiﬁe.OR gates 124 and 125 which shall be
diScﬁSSed). If Ehe'display signal is high and an output is
present from the gaﬁe L23; tﬁen, by way_of exemple, the AX
'signal'first causes the'H1 signal and then the V; signal to be

20 connected to the ARl address line. Simiiarly,-signals
corresponding to the'verticai and herizontal count are coupled

. to the other'addtess lines during display modes.

_ The adder 114 is_an'ordinafy_digitel_adder;fof'adding two
25 4-bit digitel nibbles ena for providing a diéital sum signal.
A commercially aveiiable adder (Part No. 283) is'employed.'
The earry-inzeerminal (pin.7) is grounded and no carry-outs occur

since one of the inputs (pin 12) is grounded. The adder sums.



&

_}lllustrat ed in Figurc 5.) The gates 124, 125 and 126 provide nappi ng
~eonpensatibn within the nmenory. As the conputer and 5 nenory are present;

effect, cause a remapping so that the

‘CPU or counter I'fe

X
i mpl enented, the sequenee ih which the various portions of the display ar
g‘ene,rﬁd is not the sane as the sequence in which the data is renoved from
menor or display These gates provide ensating addresses and, in
p%%r sequence i s nai ntai ned when
data 10 is read fromthe nenory for the display. These gates are shown to
provide a conghetdiqdicat| Sigpat errebpomtingens |y PhgfMd ad ﬁmmdherent
however, they are not critical to the present |nvent|on In
operation, théigitaduistggabfcorregronding &9 MentVon¥a, \é|el e@‘t‘% Iteﬁél'aimir ess
signal s whi ch [ 0 e ejt omthe
286 o L £ cbBp PAE Fe°bnd M TRIRATH ot H B 2T o
all of the addibsstraites. frmna1bﬁmmﬁSBLbeﬁheeeuwdnmdoheanIaadnt&ﬁulaEBXéﬂuhtéiG
through 119. 20 Sonme of these address bits, as will be described in '

~ conj uncti on5 wi FLENgH Sy df cused kP ePTRVdge HhayapEe ob SPRESSAL MPBRLNTCAS and RAS

signal s and tgggvﬁﬁjs\%tdggﬂsgg(@nt rows within the menory of Figure 6. The
scrol ling operation ich is used is sonmewhat unusual 25 in that each line

of the display is separately noved up (line-by- line) with one |ine of data
in menory being noyed ggr fé_l%ﬁhifzi%ma._T is te hni i:fd’ﬁ’rélow des a unlform
esthetical ly pleas T SAEPFITY tRe2 e FF ri2PuRerd  fuf¥mcan
be ﬁCP' eved b)ﬁhavmzr& leadd lsihhEridahe Vdbeibg) MMy il ArieWnROSSIdraR for
eac rame. 10 58 (Figure 2) with the signals VAl, VBl and VCl. The sum is
| seleéted by the multiplexer 120 during the high resolution display
modes and also during scrolling as will be described. These
sum signals 5ré coupled to the multiplexers 117, 118 and 119.
- During the low resolution display modes, tﬁe multiplexer 120
15couples-ground signals or ﬁhe page 2 signal (PGZ2) to the
multiplexers 117; 118 and 119. (The PGZ signal is used for
special mapping burposes, not pertinent to the present invention.)
During the high resolution modes when the-display is not being
scrolled, the val, VBZ and VB3 signals are at ground pbtential'
20 and thus no'summing occuié_within adder 121 and the VA, VB and
VC signals are coupled directly to the multiplexers 117, 118 and’
119. '

- The address signals Ajgr Ayqe and'A13 from the CPU are
25coupled to the multiplexers 117, 118 and 119, respectively,
through exclusive OR gates 124, 125, and 126, respective1y.

The other input terminals to gates 124 and 125 receive the'C3



E

woul d be very time consuming and |rrpract|cal Wth the described R
i que, only one-eighth of the data in the menory is noved for each’ new.
fr:gghze Referring to the adder 121, as nentioned, the 'signals VA [ ERR] andv .
CE “RR}) are the three |east significant vertical counter bits fromthe :
‘ourit er 58. These bits or count's, gg/ way of exanple, represent the 8 -
hori zontal |lines of each charact I n adder 10 12, a 3-bit digital signal,
VAl , VBL and VC1l, is added to tHe count fromcounter 58. This 3-bit si gnal
s con d R T o] [ nere ted f.or each new
frane. S’%ﬁ?l&%\g% 1f1?r§t?ec rtg%r’é?rﬁgﬁg %\ﬁg d‘gﬁ c‘):%f"h ve;I?E cafced88Rt. 15 During
a secormhefcgrm,gnem I(ﬂ‘haddethl@pﬁleﬁhﬂdfnghﬁdhlahd ¢J agnafdlQsi s addedand so

on. ddi n th| s digital naI to the count from counter 58, the

addr ess‘é “f‘brat rﬁ)\"g‘rﬁré )ch hgetprtes tHb V2Pt #rhil26ersvidpuring the first
frame wagp: P Gonpertiladn bl Bl RenbEPB! NS YREIISHELEE: aduliNg the next
frame, OIS added to-the vertical count, I nst ead‘of first

di spbawemgr! hae'ef prsiedtﬂ-me;lmlmeohed.a(therseqdeeceenomhbh neheof each character
i s displ aged at E e t%{% g{ glac character space and each sub- sequent |ine
of the "CRAPEEPEF LT PteilS S4TBYRY AFS BRRETAERE. 1§ Mo%athe i$e™eef®ry i s not
moved, thBeséddenkel iMamatnt i ahes A Semoved\aiby RAREA! £8¢ dilipr Bt t om of
each character. Note when 001 is addedmto 111 fromthe couﬁtgr?‘pooo

r esul ts’al'he%'ﬁusatetsherwl{dgt conprasetinh addresses wodl dirhefédct esaede when the
beam | & SERONINY L0%nae BAOlbpkt “seeq%fengé‘a{sa%ta.%éam% PR &Lt NI, the
ata corres-" - :
10 is read from the memory for the display. These gates are shown
to provide a complete disclosure of the presently preferred
embodiment, however, they are not critical to the present

invention.

15 "In ope;ation; the circuitry of Figure 4, as mentioned,
selects the address signals whioh are applied oo each of the
memory devicee, either from the CPU or counter if the displaf
mode is selected. It should be noted that not all of the address
bits from the CPU are coupled to the multiplexers 116 through 119.

20 Some of these address bits, as will be described in conjunction
with Piguie 5, are used to develop the various TAS and RAS signals

and thus select different rows within the memory of Figure 6.

The scrolllng operation whlch is used is somewhat unusual
25 in that each line of the display is separately moved up (llne-by-
line) with one line of data in memory belng moved for each frame.
This technlque provides a uniform,. esthetxcally pleasxng, scroll.

Scrolling the screen one line per frame can be achieved by mov1ng



spondi'ng to the first Iine of each character is noved in nenory for this
NAfame.- The first |ine of one character is noved up and becones the bott
line of the character directly above it. Wien 010 is added, the process is
s algain eated. For exanple, the third line of each character is first

di sprayed in each character space and t%_';econd line of each character is
moved up to becone the bottomline of t character directly above it. This
process is repeated to-scroll the data. The novenment of 10 data in menory
is controlled by the CPU in a well-know manner. Thus, through use of adder
121, an even, ccil $hedatacip) the BemdRYatRLR EHRASIHIOP EPrafPeR HF2B8t a i n
menory for each Thiznwoulbkeeverytliiye Idddishmirig tand thgirackicalovewitlortheach -

frame. 15 Referr%qu now, t o F gure 5, the cwcwtr%/ used to extend the
addr essi ng from{4fE=ERRY i"SCAMSr Grbt CnPre kiRl oF  thendatndns FRffiarory e -

gener ated by thelme&%z,raggd;%gw #GeRAS signals. are generated by the
ROM 132. The multiplexer 130 allows the 20 selection of either the bank

switching signals, or the unique indirect addressing node when "bank '
swi t chi ng"occurs WlthOUt direct commands fromthe CPU. The CAS ROM 127
recei ves as an addre%femnﬁow cmengdﬂlﬁ!gﬁalls agpwepriomed3 tiorgggaals Vay

DH RES, RI'W [E anh '5 ]dre[ ]t’h %%RRLi rﬁsfzghgt [\E %Caﬁ %th)&§tl 2.
represent the RABSIgnafs Del g Use €S€e |gna s are
respectl've RAS' sgghadlthe Scoiiitiey €58 . These bits or counts, by way of example,
represent the 8 horizontal lines of each character. 1In adder
10 12, a 3-bit digital signal, VAl, VBl and VCl, is added to the
count from counter 58. This 3-bit signal is constant during

each frame, however, it is incremented for each new frame.

buring a first frame, 000 is added to the vertical count.
g 15 During a second frame, 001 is added;and during a third frame,
010 is added,and so on. By ad?ing.this digital signal to the
count from counter 58, the addresses to the memory are-changed
in the vertical sense. During the first frame when 000 is_added,
the display_remains unaffected. During_ﬁhe.nekt frame,‘when 001
20 is added-tb the vertical count, instead of first displaying the
: first line of a character, the éecond line of each character
is displayed at the top of éach;characterlépace and each sub-
sequent line of the character ig likewise moved up oae line..If
~data in memory is not moved, the first line of the character _
25 woﬁld appear at the bottom of each character. Note when 001 is
added to 111 from the counter, 000 reéults. ‘Thus, the firsﬁ line

of characters woﬁld be addressed when the beam is scanning the



As previously nentioned, the AY signal is high for display nodes.and fhe =

DHI RES signal is high for high resolution display nodes. The CAS ROM 128 ...
rece' ves as address signals the ABK1, ABK2, and ABK3 signal s” and, al so A g
RS, AY, IND, [ERR], [ERR], [ERR] and [ERR|. 5 The ROMB 127 and 128 are
L,prrmed to inmpl enent the fO||OWI ng equations. (1) PCASO = (PRASO, 3
: (DdLBES * KY + AY * (Al15 *Al14 10 Al3*Al1*R/'WN + A15* A14*A13*R/WN + Al5
* Al4* Al3 + AlL5 * Al4 * A13 * All))) (2). PCASZ— (DH RES* AY + AY * ( ABKI
*ABK2* ABK3* | ND +,ABK1 * ABK2 * ABK é * Al4) + AY * I ND * ABK1l
ABK2* ABK3® 2d1ET &A&i*°fAf§a‘=’ra%f£ S Al%‘% PrE8 '(*S)t“P&A e dPEASSTTSS™ (DHI RES *
AY + AY 5oldl LoAlk £1f8 Ak S AkRn' clildhctefld nofdd i AlRoty Ald *
A13))) 207 (4) PCAS4,6 = (AY*IND * ABK3* Al5 * (ABK1 * ABK2 + ABK1l) * ABK2)
(Al4 * AlBox A4 fr{nERR] The m\rst m@ OEABKS charde¥Ri2 is mBil wpAl5 + ABK2 *
ABK1 + ABK2_ * ABK1 * Al BK1 . * AB * ABK3, * (Al15 *°
Al4 * Alsa’-ld PESOmes, 1ohe g%&%‘}“‘ ipg |'°|K‘|5 ‘y‘%él%e‘ KRS * ely Y @RP¥e gkl + AL5 *
‘ABK1) 7 5 (Adén 0181 3s taddtd, “tHel Pkbcess is again repeated. For example,

the third line of each character is first displayed in each

character space and the second line of each character is moved
up to become the bottom line of the charactef directly above it.
‘This process is repeated to scroll the data. The movement of

10 data in memory is controlled by the CPU in a well-known manner.

Thus, tﬁrough use of adder 121, an even, continuous scroll
is 6btained without moéing all the data in meﬁory fof each frame.
Rather, only l/sth of the data is moved for each frame.

15

Referring now to Figure 5, the circuitry used to extend the
addressing from the_CfU is illustrated. 1In general, the CAS
éignals.are generated by the ROMs 127 and 128. The RAS signals. .
are generated by the ROM 132, The multiplexer 130 allows the

20 selection of either the bank switching signals, or the unique
indirect addressing mode w@en"bank switchiné"occurs without direct

commands from the CPU.

| The CASIROM 127_§ecgives as an address the fbllowingISignals:
25 pRAS ,43, PRAS 1,2, AY, DHIRES, R/W, Ay, A1z, Ayq, and Ag.
As the PRAS$, 3 and PRAS 1, 2 represent the RAS signals be1ng
o used. These s;gnals are_hlgh when the-respectlve RAS signal

is active.

*



V1 (5) PCASS, 7, = (AY * IND * ABK3 * (ABKL * ABK2 + ABKL * ABK2) * (Al5 ‘G
AT4 *A13 + Al5 * Al4 * Al13) + AY * |ND ABK3 * (ABK2 * ABK1 * Al5 + ABK2 *,
ABK1 + ABK2.* ABKL * ‘Al5) * Al4 + AY * |ND * ABKL * ABK2 * ABK3 * (Al5 *

‘Al +2AY. * 'IND * ABK3 * ABK2 * (Al5 * ABK1 + Al5 * 5 ABK1) * (A14 *
Al3 + \WAl4 * Al13)) In effect, these ROVs ane/ programmed to al |l ow sel ection:
of pre- determned rows in the nenory, b on the address signals Al0,

Al3, Al4 and Al5 (ignoring for a nonment the contribution of 10 the RAS .
signals and the 01&35:@&51{@&%@:9&%&&;1&@1&hﬁgeaqmaié High. edh@iepippinsaet
the CAS ROMs 127 and 128 are coupled to the register 131. Register 131 is a
commrer ci al |y avai anfbltder REiRESepigqnsilc hs prighi £or thighepeaslugionfdigal py tmodes.
signals (Part No.,37 [ SSj ry.t varg i ous S
i gnal o (CAS 0 CiFBughS IR 70 REENS Uafhed WaRBE e IR PAREEY ohd
permt sel ection gxk3 BEgrduy apdiAlse DEIMEsy EByimnes. A Theashoml, Usikd B fsr.om
CAS ROM 127 through register 131 selects either the ]P{' bus or bus. ‘Ilhi S
signal is coupl®ed to the nultiplexers 43a and 20 43b of Figure 3. During
normal operation, the | g ARl M nk3 c ne | 3084 gnal s
BCKSW 1 t hr ough BCKS\/\}“EI.A'J Mrﬁegﬁfagg}r Q%?g?rf%l éé?‘%r aP?%n%%\i/%{Hfo 3‘3% signal s
fromthe A bus) pfaMio#dn@eduatiloraf. the i nputs (address signals) to the ROM
132. The other inputs to this ROM are(it)he DHI RES, Z PACE, PA8, PA1l5,- RFSH

PCASO = (PRASO, 3 - (DHIRES - AY + Ay - (AI5 - AI7 -
10 ALY - AIT - R/WN + AI5 * AIZ -+ AIJ * R/WN + AlS - AIT -
Al3 + Al5 - Al4 - Al3 . RII))) -

(2)

- PCASZ = (DHIRES + AY + AY . (ABKT - ABKZ * ABK3 - IND +
ABKl °* ABK2 - ABK3) * (AI5 - Al4) + AY - IND - ABKI -
ABK_f - ABK3 * AI5 -+ (AI7 * a13 + Al4 - BRID))

W’ 15
| (3) |
PCAS3 = PRASO, 3 - (DHIRES - AY + Ay - (AI5 + AIZ ° AIS -
All + Al5 - Al4 - AI3 ‘ EIT + al5 - Al4 - RID)))
20

~(4)

PCASY,6 = (AY'IND - ABK3 * AI5 * (aBKl® ABKZ + ABKl) ° ABK2)

- (AIZ * Al3 + Al4 ." KE3J) + AY - IND - ABK3 - (ABKZ? -

ABKI ° Al5 + ABKZ - ABKl + ABK2 - ABKI -« Al5) ° AI7 +

AY - IND - ABK1 - ABK2 - ABRJ * (RIS * AIZ ° Al3 + AlS

* RIZ * AI3) + AY - IND - ABKJ ° ABK2 °* (AI5 * ABKl + AlS5 -
25 ABKI) - (RIT - AI3 + Al4 * AID)) | |



resh), and AY signals. These address signals select the RAS 0 3; RAS«
.« RAS 4, 5 and RAS 6, 7 signals. The ROM 132 is programed to inplenent

ol l owi ng four equations. PRASO 3 = " (DHIRES + RFSH) + (ABK4 * (& -
o/ * PAB) ) + ABK1 * ABK2 * ABK3) * AY . (6) 5
PRAS1, 2 = AY * (DHI RES + RFSI Y AY * (ABK1 * ABK2 * ABK3 * (ABK4 * (ZPACGE
* PAS) * PALl5) + ABK1l * ABK2 *¢ABK3) + AY * ABK * (ARK1l * ABK2 * ABK4 *
(ZPAGE*PA8) PA15 + ABKL * ABK2 * (ABK4 * (ZPAGE-PAB) * PAL5) | (7)
10 PRAS4, 5 = RFSH * AY + AW’*(§§8K2 * ABK3 * (ABK1 * ABK4 * (ZPAGE * PAB) *
PA15 + ABKl * (ABK4 * (ZPAGE * (8) PA8) * PA15) PRAS6, 7 = RFSH. *

AY+ AY * ABK3 * BK1 * |.<2—*-AB * .( - * ) * 15 + ABKL * ABK2 *
(ABKa -+ (ZPASTandy 3 @Ew}“" Kixs {2ReEF - RBRD). ‘meRh

(9) Thus, theNBEK "sWTEH At si gl & A48 onBThit AP het dharINthput si gnal s to

ROM 132) sel eBBKPredSBET i ABEL rrowdSin AM&For yABKl 20ARKnj"uABkKY on with t he CAS
signals. The RIB)put asi gnalys . GTND heaB¥IM-13Bkar € ABREP! edIshr ough the NAND
gates 142, 14z ,)1449nd fdho. Lfsghe RREPLY (ATFheagkISF A18PUL 25

5 ABKL) * (AIZ ° Al3 + Al4 * ATI))

In effect, these ROMs are programmed to allow selection of pre-
determined rows in the memory, based on the address signals
Ajgr Ay3s Byg and AlS (ignbxing for a moment the contribution of

10 the RAS signals and the other signals appearing in the equations).

" The outputs of the TAS ROMs 127 and 128 are coupled to the
register 131. Régistér 131 is a commercially available register
which permits ﬁhe enabling of output signals (Part No. 374).

i5 During accessing of the memory the various CAS signals (EK§_F
through TAS 7) are coupled to the memory of Figure 6‘t6 permit
seiection of the appropriate memory devices. The signal USELB-
from CAS kbM 127 through register 131 selects either the A bus
or B bus. This signal ?s coupled to the multiplexers 43a and

20 43b of Figure 3.

'Durihg-nbrmal operation, the multipleker'l30 selects the
bank switching'signﬁis BCKSW 1 thioﬁgh BCKSW 4., These four
signals.(or alternaﬁivély four signals fromlfhé A bus) pfovidé

25 four of the inputs (addresé signals) to the ROM 132. The other
inputs to thig ROM are the DEIRES, 2 PAGE, PAB, PAlS, RFSH

frefresh), and AY signals. These address signals select the *



terntnal S of these gates receive the RAS tining signal. In this manner, égy/

Sout put signals of the ROM 132 are cl ocked through the gates 142 through

*

to provide the .RAS signals shown in Figures 5 and 6. 5 An'inportant feature
to/the~-presently described conputer is provided by the circuitry shown -
wi t hi Q_trhe dotted line 146. The AND gat'e 148 receives, at its input
termnals, the DA7, [ERR] and C3 Sieﬁ s. The NOR gate 149 receives the
zero page and [ERR] 10 signal. Th ut put of gate 149 provides one .i nput

~to the gate 148 and al so one input to the AND gate 150. The out put of gate

148 provi des aRd8Hbr 3 nRAR 1si gnaAast 6, ntaed1RXE &nd7 tdiighass gnathe(kome 153) is
one of the two,control signals cqu k%g to the nultjplexer 130. The AND
gates 150 and ig H EHOFH Fset%lgg ot EgEllgwing Faur meRptionfal . The
out put of the gates 150 and 151 are coupled to a NOR gate 152 with the

out put of the gate 152 (line_154) coupled to the other control terminal of

‘the nulti- plexer PRS0 = AY ‘THEHERHSEY RBSH) ¥51ABKID 16Pagfef ecBAMiel y form

a clock for gul ti pllexeasxlegi Ak -1ABk{)mul Ak pl exer 130 is a commerci gy part,
Part No. 3997 which effectively is a register/nultiplexer). This selects

the lower four input lines to the nultiplexer 130. However, because of the

synchroni zation si gaaky appLi g¢ & QpfLss 1%%“2}6 t*_hgyrryl(t{{h-gi-e)( =y 30 sel ects
: ched by

‘the bank sw tch.| ng I\SB.lR.g_n.aJ (%Bﬁglgh‘ztplp‘gg. al.,nﬂ) . Cé)}_&%)lf 1Ine1<1 ed oy QBeMC):PU.

+ AY ¢ ABR3 - (ARKL °* ABK2 - ABK4 - (ZPAGE-PAB) -

- PA15 + ABK1 * ABK2 - (ABK4 - (ZPAGE°'PAB) - FAIS) ' (7)
10 ' '
PRAS4, 5 = RFSH + AY + AY-ABRZ - ABKJ °* (ABKI -
ABK4 * (ZPAGE .« PAB) - PAl5 + ABK1l - (ABK4 *+ (ZPAGE - (8)
FAS) - PAILS) - : )
U " PRAS6, 7 = RFSH - AY + AY ° ABKJ - ('Anxl' ABKZ * ABK4 °

{2PAGE - PAB) - PAl5 + RBKL * ABK2 * (ABK4 * (ZPAGE -
PAS) - PAIYS) . . _ (9)

Thus, thg bank switching signals (along with the other input
signals to ROM 132) select predetermined rows in memory in

20 conjunction with the CAS signals.

The output signals of the ROM 132 are coupled through.the
NAMD gates 142, 143, 144 and 145 to the memory. The other input

25



To understand the operation of the circuit shown with in the dotted line \
146™\t should be recalled that the nenory of Figure 6 provides a 16-bit "
. As nentioned, during certain display nodes, 16-bits/nsec. are o/
i ged for display purposes. SQQqunondispl ay nodes, only 8-bits are

-Lr/' ed, particularly for int ction with the CPU. Wen the nmenory is _
-addressed by the CPU during the indirect addressing nodes the data on the A
bus is not ordinarily used. However, with the circuitry shown within the
dott ed ldermiddls othtBes heres yectine sHd’ RSt tEAmMisg 1fignall .t alrusbiso provi de

t he equi val ent of the bank sw tching signals-through | tiplexer 130.:
V%enever‘“af‘ﬁérCF@eséP'é%"t%ség?ﬁ]eﬁjé’tfepg? AL ?%iga&eo?ijgﬂ‘&g:&’é‘g‘,%the |

mul ti pl ety o488k qab_e@ﬁr%ughewﬂLuovskm’faeothé MRS 3DYn S LRHIMAALS signal s
fromthe A gus provided DA7 is high. (This ocecurs when addressing as zero
page-t heFigadeess apgate - 1800 t hrough 1FFF.) Once the signal on line 153 is
high it is |atched through gates 150, 151 and 152 causing the nultipl exer
130 td select the four bits fromthe A bus (assumng the timng signals are
hi gh). 20 EVRR infpokBsnt)@ehtifd AILRRE Prie@Bhtlie deBbk ilfed1@bmpikdrNiis Speci al
address range, the multiplexer 130 nonet hel-ess remains |atched with the

four bi terovided thye thetaldsysd tryORhOwD Hel thiN Bhe sotledpkinenddeyeThenhi ch is an

i ndi cat i t hat oP e i s, heing t.he si l. op i 154 ri ses

in pot enﬂba f'é':(":a]ﬁqsré i g2 %tshgg?ruﬁettsi %T%‘?ée%g? 'gi%ﬂ/ﬁ@t'cﬁﬁ%%’ 't_gll'hgggank
SVWiZChirEb $lighals$.. The NOR gate 149 receives the zero page and A

B

10 signal. The ‘output of gate'i49 provides one input to the gate _
148 and also one input to the AND gate 150. The output of gate
148 provides another_ihéut signal to'gate 150 and this signal
(line 153) is one of the two control signéls coupled té.the
‘multiplexer 130. The AND gates 150 and 151 also receive.a SYNC
15 signal and the by siéna;. The output of the gates 150 and 151 AR
are coupled to a NOR gate 152 with the'outpﬁt of_ﬁhe gate 152
(line 154) coupled to the other control terminal of the multi-

plexer 130,

20 The gates 150, 151_and 152 effectively fofm a clbck'fo:
mulﬁiplexer/registe: 130 (multiplexér 130 is a commercial part,
Paft No. 399, which efféctivély is a register/multiplexer). This
selects the lower four input lines to the multiplexer 130.
However, because of the synchronization signal applied to gate 151

25 the multiplexer 130 selects the bank switching signals each

time an OP code is fetched by the CPU.



*Effectively, what occurs is that when the CPU sel ects this special address
“ange, (and provided DA7 is high) the bits DAO through DA3 which are stor
in menory, .cause a remapping, that is, the address fromthe CPU accesses*
‘d¥¥fenent part of the menory. - Wth the fetching of each OP code, the :
mappi ng_jaut omatically returns to the baﬁ$ wi tching signals. Inportantly,
the remappi ng, which occurs is controlled by the bits stored in the RAM
([ERR] through DA3). Thus, with the remapping information stored in RAM

toggling can occur riehngaedhd feesbedlibh W1 tab dkdulie HRIAr ¥iviishout
requiring bank switching signals,” or the like fromthe CPU This enhances
the CPU s perf brergiottediline THUiti akould hetressdded drhatehisgppiengry of
Additionally, Lf proyides.an_ea 0ol for_prqgramm.ng. .15 . For sone
program | anguagle% 5% g'i B elgf"‘er’ aabls'%'%’ot SE5BM & e%gaTg'md‘ﬁge‘?hed“ﬁ'B‘ér fihteAlo
separate portioieplal hbdesTeIPiBitsFRseiX AP Muedelerdr? @K spPRAP HrseeNe
divided into two 64K nenories, one for programand one for data. Swi tching
can occur bBtwERMoNREsRIAYeRE1SE pOPLY RTPilF t3FSureghiredenerzhicyhanky bank

swi tchi ng 2051 g0Rl g l¥adienCEHACLE i ARKE HESRLIDEY: ¢ JibiLLseq Th S
arrangement is partlcuTar y usefu en using e Pas af-progranfﬁaﬁguage.
25 DI SPLAY chBEPEBTaEM iHgethle sipdayest aayisé siingSmedesFitHeirdath brcieves dat a

fromthe A bus_and B bus and, converts the data into video signals
: : A bus 1s not ordinarily used. However, with the circuitry shown

within the dotted line 146, this otherwise "unused" data is
10 but to use to provide the equivalent of the bank switching signals

through multiplexer 130.

Whenéver the CPU selects a predetermined range of addresses,

the multiplexer 130 selects the eqﬁi.v_a]_.ent of the bank sﬁitching
'15 signals from the A bus provided DA7 is high. (This occurs when

addressing as zéxo page -the address space =-1800 through 1FFF.)

Once the signal on line 153 is high it is latched through gates _

150, 151 and 152 causing the multiplexer 130 to select the

four bits from the A bus_(assuming_the timing signals are high).
20 Even if the next reference from the CPU is not to this special-

address range, the multiplexer 130 nonetheless remains latched

with the four bits from the data bus. Once.the SYN pulse

drops, howeﬁer, which is an indication that an OP Eode is.being

fetched, the signal on line 154 rises in potential, causing

25 the multiplexer to switch back to the bank switching signals.



whi ch may be used for displaying al pha-nuneric charact ers or other inmgges V

ona andard raster scanned cathode ray tube 5 display. The display N

S em 48 specifically generates on line 197, a standard NTSC,col or o/

v gi gnal and a video black and white video signal on |ine 198 (Figure
M s di splay subsystem impjaddition to other inputs, receives a

synchroni za- tion signal, and several clocking signals. For sake of sinpli- .

10city, the standard col or reference signal of 3.579545MPz is shown as

C3.5M Twice this frequency and four tines this frequency are shown as C7 M

~and Cl4M r esffectively, wBet arceudesiy |thang~ltdnetdetenu sebéctshe di spl ay
‘subsystem. 15 48, a discussion-of ;‘)T'éfﬁrl or art display S}/stemvm |1 be hel pful

in under"‘é‘l‘ﬁn%ﬁ‘??@af'h%ddﬁ'leége?ﬁng&'s PEABLIRG OAY 15 Ny9B) ¥ BAEs No.

4,136, 3%R0 en dudROpA SN SSEestdsd ﬂleﬁ&\‘idxl?/edcé(\(&!éﬂa Eéméﬂgolhsﬁent ed ina
commercially avail abl e conputer, Apple-I1, sol Appl e nputer, Inc., of

Cuperti ribatCed ftbenacisﬂresbnf:tdm shé) @}Staeqesslwbat ddiﬁg:rlaat partdefar e shi fted

in parallel |ntoash|f IS rds.are then circulated in the
hi F1 57 hFSPERe T, b SRIETRS LR\0EF FneRAS O BRRRENt s at 3. M.
Ref erri RgitbRaficau g z9etu|rh§€to2Q(ﬁe BB it Mgt BEgrelIG.t afmpiRidnODPL 1S

"placed in the shift register and circulated at a rate of 25 14 . The
r esul t arthestepaipingi c#hlnasoep\ugmmrellﬂi $>MH2h¢ sblts smm on |ine 206.

deter m nds ERanO R GrSeah o TERE RS CRGREIePe s B RRE SR n b 1 o
changed dypredaiyirAg, tygdikd tcan occur between different portions of
'10 the memory without requiring bank switcﬁing signals, or the like
from the CPU. This enhances the CPU's performance since CPU
time is not used for remapping. Additionally, it provides an

easy tool for programming. .

15 " For some. program languages it is desirable to separate data
and the program into separate portions of the memory. For
example, the 128K memory can be divided into twe 64K-memqries,
one for prograﬁ and one for.data. Switching can occur between
these memory portions without'ﬁhe genefation_of bank switching

' gosignale by the CPU with.lhe above described circuit. This
arrangement is barticularly useful when using the Pascal program

language,

25

&

&)



*word placed in the shift register. As explained in the above- 5 referenced
atent, if the signal 1000 is placed in the register and circul ated, the; {
resul tant phase rel ationship of the 3.5MHz conponent results in the color
bréwn,~t hi s* signal is shown on |ine 208. Wth this prior ‘art technique, the
Iun1n@gpe was determ ned by the DC conponent of the signals such as shown
on 10 lines 206 and 208. The display subgysgtem 48 of Figure 1 also uses
4-bit words to generate the various color<Signals in a nanner sonewhat
sim- lar to the above-described system Referring to Figure 8, 4-bit 15

words representative of colors (16 Eossibl e ggl ggs) are coupled to the bus
180. (The generation of these worRISE U _ cribed in detail in
conjunction with Fu&ure | nst ead of usi ng a shift register which
circul ates the 4-bi GWGFGP hEukskitemeddaf FiourshileTeer iypsudd ifg £5om

mul tipl exer 20%\3"‘%%5329%68% | dna %Qn&%.lt%cft e G Ohed Q‘idL+ ns%%ggist he bus

180. The sign so provi um nance signa a bl ack
and white vi deeahsi:gnaly e tised gbﬂ)dJ.Spahﬁ.ngTbEpma-hmmeSld)fchhh&‘:ﬁ:drs 80 are
coupled to nulti SI exer 25 205; this nulti I exer al so receives the C7M and

the C3.5M ti m9aTgeigRIrS. on PhatWdard TaHShgSSIyRdl Sathadeet @ P8 t he four
l'ines to fgedqeﬁu@wtl@Léym%ehsft'ﬁms%\@enmupéﬁéuf@céiﬂﬁgéﬁéraée@}os@ t hat

the order in“which each of the Iines of the bus 180 .is 'selected does not
change.) 5 lingnl ©f,f acstandaed MNSC pbbxevideersigesl tandser viddoz bladie
and white video signal on line 198.(Figure 8). This display
subsyétem, in addition to other inputs, receives a synchroniza-
tion signal, and several clocking signals. For sake of simpli-
10 city, the standard color reference signal of 3.579545MEz |

is shown as C3.S5M. Twice this frequency and four times this

frequeney are shown as C7 M and Cl4M, respectively.

Before'deecribing the details of the display subsyseem

.15 48, a discussibn of a prior art display system will be helpful
in understanding the present display subsystem. In U.S. Patent
No. 4,136,359, a video display system is described which is
implemented in a commercially available computer, Apple-II, sold
by Apple Computer, Inc., of Cuperﬁino, California. In this

P system, 4-bit digital words are shifted in parallel into a shift
regieter. These words are then circulated in the shift register
at 14MHz to define a waveform having épmponents at 3.5MHz.
Referrihg to Figufe 9, line 206, assume that the digital word
0001 is placed in the shift register and circulated at a rate of

% 1l4MHz. The resultant signal which has a component of 3.5MHz is




ral l el signal frombus 180. Assune for sake of explanation that the , \o”
Jjytal signals on bus 180 are 1000 as indicated in Figure 8. The signal an
191 will then be 10001000 The output of the multiplexer 205 coupl ed t\g/ .«
i nput of the 10 inverter 204 also receives in a sequential order, the
4gnal s frombus 180, however, in a different order. For the exanple shown,
the input to.inverter 204 is 001 ’;f>o ... . After inversion, this results.
in the signal- 11011101 ... on line 192. Effectively, the signals on |ines

191 and 192 are added by 15 resistors 199 and 200. The resultant waveform
i s an ACshoymain Liwe BC6corfienehaje stednhionshipgof eehldsorondanen208 Thus, with

t he descrjbe [.rcui a _chr.oma_sjgnal .is ner at ed, _having a_predeterm ned
phase reltg_?i%'r?glhf prig(?ifﬂ‘é? RS {%ﬂe(‘if“"?eeﬁ g‘?‘én‘é i ghathe 'F%F‘s‘l";ﬁﬁ’ése ' o
rel ati onghadd WigsA1J S THas | aRY o d1AROE B Gerdhgbl Cbys IcBBAY SnP RnbBUS-1;R0

determ nes the color of the video signal on line 197. In the prior art

di spl ay Wprtwrdgeed aliokbe stHé tDEegiRhssne s ekplainagoliorths ghavedet er mi nes

t he | ym . resent 25inventjion,. the signals on bus 180 are

coupl ?J] P%P%gcggséﬂgépgfr%‘ﬁs%‘& ord 5§Lb€6(;nlss| g%ceo(g lgnEWC:r?f’éﬁ’é‘fr from

resi st or and 93 ranta @4, tBECk 0@ thaTiphaBe erd 10¢2bnsH iSO odCLiey 8. BER: DY the
signal s on. bus 180. These inputs-to transistor 195, along with the

C3.5M sFPgmRAnengefRiuite 0 NPSCoeiptobreynaihignsiansd 197shstwni emroved quality
SPen COTRhETLchs |JELBUREY RS0 S U BB Fminance LSO C2555. (e
: determined by the DC component of the signals such as shown_bn

10 lines 206 and 208.

The display su?syStem 48 of Figure 1 also uses 4-bit words
to generate the.various'éblor signals in a manner somewhat simi-
lar to the above-descfibéd system.. Referrin§ to Figure &, 4-bit : N
15 words representative of colors (16 possible colors) are coupled
" to the bus 180. (The generation of these words shall be
described in detail in conjunction with Figure 7.) instead of
using'a shift register which circulates the 4-bit word, the same
result is achigved by using a multiplexer 205'which sequenﬁially

20 selects each of the lines of the bus 180. The signals on bus 180

also provide a luminance signal and'a black and white video signal

with a gray scale.

The 4 lines of the bus 180 are coupled to mﬁltiplexer
25 205; this multiplexer also receives the C7M and the C3.5H timing

signals. These two timing"signals'cause each of tﬁe four lines



«or all binary zeros. Wen this occurs, there is no AC conponent from

Syesi stors 199 and 200 (no color signal) and the resultant signal on lin

- 197 is either "black" or "white". 10 The lines of bus 180 are al so
» coupl ed, t hrough resistors to the base of a transistor 196. Each of these
resiskagrs have a different value to provide a "weighting" to the binary
signal. This weighting is used for noﬁ>' | or displays to provide "gray"
shades as opposed to having a display “wWi'th only black and white. 15 The
bi nary signals.on bus 180 drive the transistor 196 to provide a video
signal on |ineteds Smﬂ@alglérﬁ?rlat?é%ﬁ vandheeit gt tel lines1d¥- t H¥Qke sane five

o1 gnal s, Ref of (00 QLA FLRUI8 . of8 Al LAMITRIB'Y: iocqphgd L4 oM Lhe A

bus and B bus to feg Fsters , respec vely se registers
are cl ocked bysétﬁbthdkﬁﬁesﬂnﬁek¢Hﬁ;g§Lgna| and its conplenent t hus
permtting the sequential transfer of 8-bit words every 0.5nmsec. As wll
be described, in sone display nodes the data is transferred at the 2MHz

rage, and i&ot her i spkak n@ﬁ@%«algapﬁeus HiplAlSs 25 SHSH 1Al Shers 158 and

159 are coupled to an 8 [ine di y Thi s display bus transfers
data to regi st pasalled smghal f£468 buantis &l sesadnhr fosecmakieoofl evpimnytiki?2. The

regi sters 164 a d 1 nof 62 are e | ed I ng specific display
nodes as wil |l §r§ tﬁhﬁ‘%ﬁifaﬁ? é?“sngﬁgr?elgg‘go i.a% thrgaredetit 1 y
preferred _ Flgure 8. The signal on line 191 will then be 10001000 ... .
The outéut of the multiplexer 205 éoupled to the input of the
10 invertér 204 ‘also receives in a sequential order, the signals
from bus 180, however, in a different order. ' For the example
shown, the input to inverter 204 is 00100010 ... . After
inversion, this results in the signal 11011101 ... on line 192:
- Effectively, the éignals on lines 191 and 192 are added hy
- 15 resistors 199 and 200. The resultant waveform is an AC signal
(no DC cdmponent)‘shown in Figure 9 on liné 209. Thus, with
the described circuit, a chroma signal is generated, having a
predetérmined phase relationship to the 3.5MHz colof reference
sigﬁai. - This phase relationship which is varied by changing
20 the sighais on bus 180 determines the color of the video -

signal on line 197,

In the prior art displaf diééﬁséed above, the DC component
of the color signal determines the lﬁminance. In the present
25inventidn, the signals on bus 180 are coupled to the base of
transistor 195, consists of an AC signal from resistors 199 and

200, and the luminance level also determined by the signais on



) B .
nmbodi nent, is a randomaccess menory which stores patterns representative \»
gf’!ial pha-nuneric characters. Each tine the conputer is powered up, the .

h cter information is transferred fromthe ROM 50 ‘into the* character o .,

ry 162 during an 10 initialization period. During character display
" \obdes, the si gnals fromthe dis §y bus 160 are addresses, identifying
particul ar al pha-nuneric characters stored within the character nenory 160.
The vertical counter signals VA VB, and VC (previously discussed in
conj unct.ikws WBh Shees ippptertoritgapelshrr1i®3 dadens withethrticular line in

each chargeears il o |5, 2cbe drsel ayel s1J1MiS onl fEn9891 g i on of the

digital si'gnals Tepfe> sentative of each o , aracters occurs irn an

ordi nary impeoeéd qhleity bihkenScdipaled ety abend tiduseedfprdaehatt syséémeach

character (menory output) is coupled to the shift register 167. Through 20
. timng signals not shown, either the register 164 or the character nenory

162 s_sel ect fﬁj éo%eaﬁé%,t l@ﬁe Sﬂ.igfnglé etm %Lgrlﬁ](ﬁﬁréoafle@ﬁEXﬁI Q;J}&Qer dat a

di rect?y fromthe A bus or B bus, or al pha-nuneric character information
from t he areadl ybia2y 2éros. TWieen/-tbis soaghursnftdreret iomd AGneEwponent nenory 162

or register 164 are serjalize y the shift register 167 either at a 7TMiz
rate or 1f5W—Ee§‘§tt8Fsd£§p9eﬁB%ngmﬁdBﬂ THETAPSPIHY /D cEherRasLhhany, | zed data
i s coupl efiqay1!dQih851470 15hei¢Re:t PRl EAOT 02 68shiRePiNs 1 and 4. The inverse

of this data is also coupled to nultiplexer 169, pin 3. .Line 185 is also
coupl ed as one i nput - o
' 10 .The lines of bﬁs.le'are also coupled through resistors
to the base of a transistor 196. Each of these resistors have
a different value to provide a "weigh;ing“ to.the binary signal.
'Thié weighting is used fdf non-color diéplayé_to provide "gray"
shades as opposed to having a display with only black and white.
15 The binary signals on bus 180 drive the transistor 196 to N
provide a video signal on-lihe 1§8. RGB is. generated with 
weighted sums of these same five signals. | |
Referring now to Figure 7, data from memory is.coupled
from the A bus and B bus to registefs 159 and 158, rgépectively.'
20 These registers are clocked by the 1 MHz clocking si§na1_and
| its complement, thus permitting the éequenﬁial.transfer of
8~-bit words every 0.5msec. As will be described, in some display
modes the data is transferred at the 2MHz rage, and in other
display modes, at a'lMHz':ate. |

25

The registers 158 and 159 are coupled to an 8 line display

bus 160. This displaj bus transfers data to registers 164 and



«.to tthe nultiplexer 166 and to the register 170 (input 1). The output 1 of
\_register 170 (line 186) is coupled to the 10 multiplexer 169, pin 1; to (-
register 170 (input 2);- and to nulti- plexer 166. CQutput 2 of register 1
« (Line 187)-is coupled to input 3 of register 170 and al so to nultiplexer
- 166: tput 3 of register 170 (line 187) provides a third input to the :
mul ti pl exer 166. Input 4 of the '_regiz’;% 170 receives the output 15 of the
mul ti pl exer 169 (line 189). Qutput 4 regi ster 120 (line 190)provi des one
control signal for the multiplexer 171. The nultiplexer 171 sel ects either
the four |inek?dbf apdsalpg3addreasges fur Perpey 462 pudhegregistpes diftpand of
mul tipl exer 1710 8 i he. 4-hit,_si.qnal ;.d i
conjuncti on V\n]?h aﬁggﬁéﬁgwé. Pﬁj%F%gé%%ge%f%rﬁggh%%%lgggo‘?%pﬁgg%%%gﬁl gﬁ/ nmodes
(AHI RES), thewinll bepdppaeend /]l is controlled by a timng signal fromthe
out put of the gate 178. 25 : The nul ti pl exer 166 selects either the
| ines of bus 181 or bus 182. The output of this nmultiplexer provides the
signals for the b I e AH | | tiplexer
166 sel ecté bus 15%%&5&%?6&3% ;Tsat'hiewrgﬁ:éts?%%%?yl%qrgg%ves t he
signal s from éxdinrdnt Fds purapndsssaaifesd esamoryt visivhalbovess pattatrso f or

me of the dis nodes_ bel ow a sinplifying

urposes 5 of explaini,ng for som | a
BSSUNpL i on hoteRFSBRNTARIYY OF (ATPER HIMeELE CHNATAHCERF 1 hESHLE L8 OLR,
~hul tipl exer lddmpuftf 'w%wapéhe%f,,amq eRBt i elreth R3rmaB€ors &l b rsbgnal on
line 190. Thi.s serialized signa :

is in
from the ROM 50 into the character memory 162 during an

40 initialization period. During character display modes, the _
signals from the display bus 160 are addresses, identifying
particular alpha=-numeric characters stééed within the character
memory 160. The vertical counter signals VA,_Vé, and Ve
“ (previously discussed in cbnjunctidn with adder 121 of Finure 4)

s .15 identify the particuiar line in each character which is to be
displayed. &hus, the generatién of the.digital'signals repre~
'sentati;e of each of the characters occurs in an ordinary manner.
The 7-bit signal répresentative of each line.of each character
(memory output) is coupled to the shift register 167. Through

20 timing signals not shown) either the register 164 or the
character memory 162 is selected to allow the shift regisier
167 to receive either data directly from the A bus or B bus,

' or_alpha-numéric character information from the memory 162.

25



JR

sychroni zation with the C7/Mor Cl14M cl ocki ng signals. The 10 nultipl exer o’
05 of Figure 8, which as described above, does the."spinning" for the o
arall el digital signal on bus 180, operates in sychronization with the o .¢

I-ti plexer '171. In the description above, and except when ot herw se noted

- low, it is assunmed that, by way‘j) exanple, if the multiplexer 171 is 15
coupling all binary ones and zeros onto bus 180,. the signal on |line 191

-will be either ones or zeros.” Also for this condition the signal on line
192 will be al bhdi7TvbiYsZ6f QnroFnd¥i0H, Bkh Lbfer HRmAS, SI@NaL 1S generated at
t he base of transistor 195. However, as actually inplenented, there is a
"phase" dif9edpEeedieprvairriolird dyothd siibf tdudshed t167 ekererldat when
conpared t l.Ln the signals. fromb 180 hy the multiplexer .

205. This a?e@&?t%q{ggog ?wr?fszt rﬁgen'stdgﬁ?n gsf’ﬁﬂréﬁ‘gngﬁf’glaaa’f‘%d%f' transi stor
195 even wimensetisljigeardataak edupleaNey \1iagessAtd ORe il tiffexeaNdeq, second
constant AC signal when all binary zeros 25 are on the bus 180. Thus, in

“this sp%ciH’i"éagiW 4nheFhe dneergeoft bais Ggkacke adso"ewhirled wd gnal s are
bei ng gen ' d, :.. 239 c tLy_inplenmented, two constant

" colors ar’?%%%g%%’%ﬁigﬁ'_ ol or %:sep gasri/eig i (ra%é"p??e%easbr’ﬁ‘ék”?ﬁ white is

desired, cal ¢hesugipteken 166 and todukedeglistenI 70N i@t Lhe- col or bur st

signal. 5 The circuit of Figure 7, along with the circuit of Figure

V.

The output 1 6f ;egisﬁér 170 (line 186) is éoupled to the
10 multip}exer 169,.pin h. td reéister 170 (input 2); and to multi-
plexér 166. Output Z:Of register 170 (line 187) is coupled to
input 3 of register 170 and also to multiplexer 166. Output 3
of register }70 (liné.187) provides a third input to the
multiplexer 166. Input 4.of the register 170 receives the output
15 of_the'multiplexer 169 (line 189). Output 4 of register 120

(lihe'190)provides one control signal for the mul;iplexer'171:

The multipiexer l7i selects either the four lines of bus
183 or the four'lines_of'bus 184. The output of multiplexer 171,
20 bus 180, provides the 4-bit signal discussed in conjhnction
with Figﬁre 8. Duripg one of the high resolution display
ﬁsdes (ARIRES), the multiplexgr 171 is controlled by a timing

signal from the output of the gate 178.

?5 The multiplexer 166 selects either the lines of bus 181 or

bus 182. The output of this multiplexer provides the éignals

for the bus 184, 1In all but the AHIRES display mode, multiplexer



* 8, . provi des the capability for several distinct display nodes. The first
\t/hese -nodes provides a display consisting of 40 characters (or spaces)
hori zontal ,line. This requires a 10 data rate of 8-bits/Miz or half the
«dafa rate the menory i s capable of delivering. In this node, data is
| oaded fromthe A bus during every other O S[ERR] period. (B bus is not
-used during this node.) This data adg(rﬁsses the character nenory 162, and
along with the signals [ERR], [ERR] a [ ERR], provides the 15 appropriate
character line (7-bits) to the shift register 167. During this node,
registers 164;g0GelddtdtRsdisnb! edus Thgpstifily, r egd ShugkigfekelrOf71 hi s node
shifts the data at a data rate of 7Mdz (note CH80 is hi gh, allowi ng the
7MHz signal fresmigasetieyBigeakodrem|bushd?4hift register 167). Each 7-bit
signal is shifted 20 serially onto line 185 ahd then to line 189 since
mul ti pl exer 169 selects pin 4 The data is shifted through the register 170
onto line 190. Theosepurbosbs gl YMestfittioANatldviee 4MD atausHsr phepssisecti on of

buses 183 or 184. 25 ~The four lines of bus 183 during this node are
coupl ed t o5+Vvefretpladining £9rj song ofptheldisplay abdes herlQWSelse‘@Pﬂ»wam bus
184 provi des r e o€ 1 four
bi nary zeros % oﬁ}gah&g %slggén ﬁg e ggé#ﬂll E E%iir%)‘/i g?gﬁ{al on ine 190

provi des eithby m.illtiblewerrymnesfo@rm@&ﬂ mbaea.r \arzecarstricd 1edi oyl 88e - As
di scussed, the cjrcuit of Figure 8 wll provide a black and white display

with 40 char aftEraliped 2'r‘lgl’?él 9% line }grﬂrerglé"saﬁﬁtf?]a‘szﬁidnﬁ“m% n§ Heans 172

is selected, gychronization with the C7M or Cl4M clocking SLgnals. The

10 multiplexer 205 of Flgure 8, which as described above, does
the "spinning“_for the parallel digital signal on bus 180,
operates in sychronization with the multiplexer 171. In the
descfiptioh above, and except.when otherwise noted below, it
is assumed thét, by wéy of example, if the multiplexer 171 is

15 coupiing all binary ones and zeros onto bus 180, the signal oh
line 191ﬁwill.be either ones or zeros. Also for this éondition
‘the signal on line 192 will be all binary zeros or ones,and thus,
no AC signal is genefated at the base of transistor 195. However,
as actually implemented,_there is a "ph#se" difference between

20 the clocking of the multiplexer 171 when compared to the
sampling of the signals from bus 180 by the multiplexer 205,
This results in a first constant AC signal on the gate of
trahsiséor'lSS even when it appears thét all binary ones are on
bus 180, and a second constant AC signal when all binary zeros

25 are on the bus 180. Thus, in ﬁhié speciiication; when it states

that “"black" or "white" signals are being generated, instead,



.

ch time the shift register 167 is |oaded, multiplexer 169 shifts bet ween™
ins 3 and 4. This causes the characters to 10 change fromwhite .
aracters on a black background to black characters on a white backgroud‘d’ s
—ehd so on. During the 80 charact er per line display node, the registers 158
\_,and 159 are each | oaded during se tlal 0. 5[ ERR] sec periods 15 (this
utilizes the 2M z cycle rate previ Iy di scussed). The shift register 167
shifts the character data fromneffory 162 at a 14MH#z rate. The serialized
- data at _th f apd again
control stst ﬁe Tt T flﬁeﬁehéri é114 ats‘:'ggréeé\% gggf] éﬁggérgbesger.?%%g ? regi ster
170 is al wayo;:a&splqc.kemxate taherdd NMiack adrel )vhlEéaﬁ#ndag:.mjai n can be
obtai ned as previous]y discussed. |n apother ha- nuneri ¢ _char act er
di spl ay SRO8E, SUPRESH r‘ﬁu’rfb"'”&f’“%%fcr?“EHa?%ctthéP“{’)&)}’hﬁec?Jrf”or’?é’ﬁ*oI or and the
25 charagggsritsel f (foreground) in another color. This node provides 40
charactersS per l'ine. The character identification (address for RAM 162), is
furnsshed on the A bus to register 159 at a frequency of |MHz. .The col or
|nformat|on4back ndc%g : dforer nd col or) k furnished on the
B bus as two 5t c\’/\br&g Y&l $t% R Y Fh‘é"’??a“r? ef }@\‘I‘FSUSI y '
descri bag, pté\a REJERS cabbB 1t90iE6E Bevh?il &ﬁlsecihs: tdi@paapiaesat e character
frommenory 162 and provides this information-to shift register 5 167. The"
col or i riher fitAstoREf HraRe Redes Musvides Padismlarveqorsistdgrseeri®173. For

purpose%hgiagggy Q§£ éBlceQ?%ﬂﬂEhLPfgoAQQ? line. Thls requires a

10 data rate of 8-b1ts/MFz or half the data rate the memory is

capable of dellverzng. In this mode, data is loaded from the

A bus during every other O.Sﬁsec pefiod. (B bus.is_not used

during this mode.) This data_addressesnthe character memory

162, and along with the signals VA; VB and V., provides the .
15 appropriate character line (7-bits).to the shift iegister 167.

. During this mode, regieters'164 and 173 are disaBled..The shift

register 167 for this mode shifts the data at a data rate of

7MHz (note CHB80 is high, allowing the 7MHz signal from gate 175

to ‘control the shift register 167). Each 7-bit signal is shifted
20 serially onto line 185 ahd then tc 1ine 189 since multiplexer

169 selects pin 4. The data is shifted“through the register 170

onto line 190. The serial binary sighai_oﬁ line 190 causes the

selection of buses 183 or 184,

25 The four lines of bus 183 during this mode are.coupled to
+v (register'173'is éisabled); therefore the selection of bus

184 provides four binary ones. The selection of bus 184 provides



N 4 bifs i denti fyi ng the color red for the background are on bus 184 (fro
‘egi ster 173 and nul ti pl exer 166) and that 4-bits representing the col or
blue for the fareground-are on bus 183. 10(Note that when register 173 i
endbl ed, the signals fromthe regi ster override the bi nary ones and zeros
whi ch” o herw se appear on the |ines{ Obus 174.) The serial binary signal
representative of the character itself on line 190, selects either the
col or blue frombus 183 for the character itself or the 15color red from
bus 184 for fohe boaegr oewreks thidedbgs tEl.si gned,s thepsasant Bidaeg of t hese
colors are transferred to bus 180 and provide the color data to the circuit
of Figure 8.5ipBpl AMadikran? WRFeEidESspHiRE, abl 'Rimayy aes erjxllpPénited

through the z\@%ghéa %Ciwu'hsaﬁ%%géé@d el L8 AL 2PSd S ¥QhuddG Of Figure 8.
20Agai n, the multi plexer 9 may, through the timng neans 172, alternate

bet ween t he wiilgnpdovifie| a rhela¢85arahdhn.t@ dispbay eq:.th,hﬂl:lth\an:hd:tdr&vpet hieinef f ect
of interchanging the foreground and background col ors. 25 During the

hi gh resobution graphics nodes, the character nenory 162 is not used, but
rather, data fromthe nmenory dlrectly provi des pattern infornation for

di splay. This requires nore mapping of data fromw thin the main menory
since new data iBf Mqu-nmj.'Sfeoan@aﬁihsmm toinmmemednsplw is ¢&atcge@hat when

characters are,djs e char act nenpr ovi.des tlg di fferent
signal s reqdfi® ngL "%r%%ﬁeérg‘ |ﬁ%%ls5fere§%‘n léﬂg?%dcet “"IF’){) TPLEERT i §
shifts between pins 3 and 4. This causes the characters to
. 10 change from white chéracters on a black background to black

characters on a white background, and so on.

-During the 30 éharactér per line display mode,_éhe_regiéters
158 and 159 are each.loaded during sequentia; 0.5y scc periods
A 15 (this utilizes the ZMﬁz cycle rate preyiouély discussed).' The
- shift register 157 shifts the character data grom memory 162 at
a l4MmHz raté. The serialized data a£ the 14MP’z rate is shifted
through.the register 170 and again controls the multiplexer 171
as previously described. (Note that register 170 is always
20 clocked at the 14MHz réte.) Flashing again can be obtained as

previously discussed.

In another alpha?humeri§ chéfacﬁer display mode, the
background of each cﬁaracter ﬁay be in one color and the
25 character itself (foreground) in another color. This mode
,provides 40 characters per line. The character identification
(address for.RAM 162), is furnished on the A bus to register 159

at a'frequency of 1MHz. The color information (background color



L e Sy

®se high resolution nodes, the register 164 is enabled and the character \
ory 162 is disabled. Thus, the data fromthe A bus 10 and B bus is .
ted into the shift register 167. In these nodes, 'the "HRES' signal toJ/ s

i pl exer 169 .causes this nmulti- plexer to select between pins 1 and 2. o

--P¥n 2 provides the signal direct%ﬂ fromthe shift register 167 while the
signal on pin 1 is effectively the signal on |line 185 del ayed by one 15

period of the Cl4M signal. This delay occurs through the register 170 from -

“input 2 to output 2 since register 170 is clocked at Cl4M During a first

gr aphi £id redegramiiacdélerh ihefulindghed drusha o b2 ps tweadebit nto shift

~register 167 at the rate of _7-hits/NMdz. The. d ' Lalized on |ine 185
and i Y99 ﬁﬁrﬁ‘f’egr"sﬁ?’és]i%ljslflnat ScPrved £ ﬁ?wéﬁu?&?aé/?sn%%%hgf a%’t%ers, control s
t he sel&filds@Nedm 2hiidianyoodtiecanieiad lappt srintéecimrakchenugh t he
mul tiplexer 171. Note, as nentfoned before, in the presently preferred
embodi fieawt me@eryii6@sand girevides fhéssinforpatiede ehEE KPPISTRSt result in a

. bl ack ‘wWhite displa but 1 r - col or. di a hi gh bit

is pP eg'l’;ﬂ‘t W@ el_‘f%é”lﬁﬁydorfma?%%& 3%‘?& %@e t@n@?gt#e) ﬁrﬁbgf‘is%)égngéf | ashing timng
Neans Jdgi $+auSER .t heofPurppbex &t k@Pliratidbhpramueebetiateehepins 1 and 2.
This switching occurs at a | Mz rate and provi des a phase shift for every

" other ¥=litssidentifivangoths 681e% Redefrfl thepPaRkgropnd ®Pne 190. This

resul t gui ri[ﬁn ?9%* E:iegggéercql?grawimggtgﬁ'@:reét £65)0Rnkhendl apbays for every
- other: "B s_é ata’ . , _ o
répresenting the color blue for the foreground are on bus 183.

10 (Note that when register_l73 is enabled, the signals from the
register override the binary ones and zeros which otherwise
appear on the lines of bus ;74.) The serial binary signal
representative of the character iﬁself on line 190, selects _
either the color blue from buélléﬁ for the character itseif or the

15 color red from bus'184.fpr.£he background; The digital signa{s

'rep:esentative of these colors are transferred to bus 180 and
provide the color data to the circuit of Figure 8. For black
and white displays, a "gray" scale is'ﬁrovided through the
weighting cirduit associated with transistor 196 of Figure 8.

20 Again, the mulﬁiplekéf 169 ﬁay, through the timing means 172,
alternate between the signal of line 185 and its inverse, which
will have the effect of interchanging the foreground and

béckground colors.

25



*For the above-described graphics nodes when shift register 10 161 is (?;/)
shifting .at a 7M4z rate, 8-bits may be coupled to the bus 160 during each
- period. : Specifically, as in the case of the differing background and
«f dregrotind colors for the 40 character per line display node, two 4-bit.
color words are shifted into register 173 at a rate of | MHz. Then, the
mul ti-pl exer 171 15 sel ects between two predeterm ned colors on buses 183
and 184. Note these colors can be changt fkd alMiz rate. In an additional
color node identified as "AH RES", nulti- plexer 171 operates under the

control of gates 176,,177 and. 178. 201n effect, nultiplexer 171 selects bus
184 and | atches th “E}%éf‘g%ﬁ? ﬁF%"ﬁﬂf&%v%‘_r? Sﬁrm°é§gre§‘°of:}‘?ﬁ%°t€f4M

clock. Data ismatdirkt ek ii8t Rot Reahi bit kREOh&E ,LHalh /e lomOBhd hRmOr PUSirRBELP DUS
every 0.5[ERR] sec the register 167 operates under the control of the Cl4M-
signal . Each pravddpstpatkerh ninfogBations fipf tdigplay st Thistrequines ¥®@e then to
line 187 and fianalilnég JalNes 188 }'ll'he%g lines are cou‘gcl:ed tosihe.

mul ti pl exer 1 7R ugfﬁ r?uftfrpcl_m_ex F o6 " TER TEPE $*BTR "f82°rhe¢& AHI RES
i's high. |nseff@slired@ir each Hide- oP Qe 8idflayhat (Mbothi th&Ohben VEHAacBESs
serialized onto line 185 and then brought back into parallel on bus 182.
Since mul tipl e3%a di7plavedehbhe haractpramsmeny 363 novidesriher ddffenpdtes of

e oo = nehag A8, 1 S ey ool IR e
bl ock can be atlyesenBigh resolution modes, the register ‘164 is enabled and the
character meﬁory 162 is disabled. .Thus, the data f?om the A bus
' 410 and B bus is shifted into the shift register 167. In these
modes, the "HRES”'sighal to multiplexer 169 causes this multi-
plexer to select between pins 1 and 2. .Pin 2 provides the
signal directly from the shift register 167 while the signal on
.K*:‘ pin 1 is effectively.the signal on line 185'delayed by one
" 15° period of the Cl4M signal. This delay occurs through the

register 170 from input 2 to output 2 since régister 170 is

clocked at Cl4M.

During a first graphics mode; daté from the disblay bus 160
20 is loaded into shift reéister 167 at the rate of 7;bits/MHz. '
The data is serialized on line 185 and in thg manner pfeviqusly
deécribed fdr displaying cha:actefS,.Controls Ehe selection of
all binary ones and all binary'zéros through the multiplexer 171.
Note, as mentioned before, in the presently preferred embodiﬁent.
25 unless color suppression is used, this wili not result in a

" black and white display,'but rather a twd-coldr display.. If a



ession, data is shifted into the shift register 167 from 10 t he

.~

bugh nul tiplexer 171. This p,gw des the highest resolution graphics
display for the system 15 Thus, a m croconputer with video display
capability has been descri bed The corrput er is fabricated fromcomercially

avail abl e parts and provi des hi t of these parts. Numerous -
exi st PREP p‘?‘d'gr’ﬁn%r‘? uﬂ?nlg"‘}?ar]fgg ttﬁ‘(?sgl Oﬁna@fhggﬁleréle 1B¥ETHe Apple- ||
CONMPULRE ., eIRNKiNG €fin gyﬁda@é) 1721 Baddis dBeVRuSSIRkOEdg@ORBUt er. The present
application has been divided-out-of our copending U K. - patent application

No. 8abf«Biatienbatwedn phnsel |aslddéscr'1‘fb@d5uma|=*cll"a| fAeeurs @itgAt al. conputer:
whi ch cludes_a.centr. processi nit (CP SS nmenory
( RAM) 114875 e °§'§gﬁﬁs sﬁgsr&gl% ﬁf’ﬁle 7y, P%PI ngg%l nfergonnectl ng said

CPU; agdt&Addupaed wémaesauﬂtﬁiuxaﬁldxmws1h@sents|oonsmis saisd1BAM and a data’
bus”i nterconnecting said CPU and RAM said CPU for. certain functions

 addr edni amy qside&éoalmmarlbkmu ganeratesapy the RARPURY Hfoxr grvextet er mi ned

range a S S ~an inprovenent conprising: detection neans for
det echﬁﬁt gglb&%ﬁr%%q{] Fm ned range of address signals, coupled to certain

detection |ines

For the above-descrxbed graphlcs modes when shxft regxster
0161 is shifting at a TMHz rate, 8-b1ts may be coupled to the.
bus 160 durzng_each perlqd.' Specifically, as 1n the case_of
the differihg background and foreground celors_for the 40 |
character per lihe'display mode,.twe 4-bit color words are ‘shifted .
into register 173 at a ratefof 1MHz. Then, the multiplexer 171
'stelecte between two predetermined colors on buses 183 and.l84.

Note these colors can be changed at a 1MHz rate.

In aa additional color.mede identified as "AHIRES", multi-
' plexer 171 operates under the control of gates 176, 177 and 178,
20 In effect,_multiﬁleker 171 seiecte bus 154 and latches the
signals on this bus every four eyeles of the CléM.clock. Data
is shifted into the'shift register 167 from the A bus and ﬁ bus
every 0. m:sec the regxster 167 operates ‘under the control of
.the C14M s1gna1._ Each data bit on 11ne 185 is.shifted first
25to lrne 186, then to line 187 and flnally to line 188. These:
lines are coupled to the multlplexer 171 through multiplexer 166

which selects bus 182 since AHIRES is hxgh. In effect, what

SLF

6 colors. In the last display node, typically used with color. , o

llay bus at the rate of 14-bits/MHz. The data is serialiZed gnto liney =
o and controls the selection of either all binary ones or all zeros



) ¢ * .

'-‘\QL- sai d address bus; register neans for inputting, storing and 5
outputting digital signals, coupled to said data bus; and sw tching neans
fqr selecting between said digital signals stored in said register means
antcertain lines of said address bus, said switching nmeans coupling said
certain lines of said address bus to sa## -RAM when sai d detecti-on neans
fail-to 10 detect said predeterm ned range of ,address signals_on said

certain detect iRUrS A8stGE il cpdar soLdp e seniglidrf Hend el coupl i ng
aid digital signa tored in said register ans, 1o certain lines of the
;d:jresls_gll:)gs \Mswlea%gséqseﬁs%féc’[uég? :bgﬁérf':?_ ?lspa%éfiegt °€§?‘as1p8>éde él%%! nedI ra?\ge of
address si gnal %u?@ip]lgxer 3 .dlaq:?fiésa'tﬂe dSLAA 80 duk s Qjergaf&raddress bus;

whereby data for sald certain tunctions nornmally stored By said CPU in said
predet erm ned | geddd @RSLHEBY1 4 sSirAl ©Ch Abe QMEF Qiokd 1$akcheRAddq t her eby
“enhanci ng the performance of said conputer. 20 CLAIM5 1.  In a
digitally centraal edsMiashed caceieneds 180deandireplbsant odispsey ust h a

m croconput er, which display provides color inmges in response to chrona

si gnal s havi ng 159 eued 82 moherkdpbbonksrwiezeimresbh hdotlo can e any eher ence si gnal
of frequency (f), a circuit for providing a digitally controlled chronma

si gnal conpri si9fg!® @P¥Ptsal word generation means for generating

predet erm ned digital words; . . .
In the last display mode, typically used with color

.suppression, data is shifted into the shift register 167 from
'10 the.display bus at the.rate of 14-bits/MHz. The data is
serialized onto liné 185 and controls the selection of either
all binary ones or all zeros thrpugh multiplexer 171. This
providés_the highest resolution graphics display for the
~ . system. |
15 Ihus,:a microcomputer with video display capability
"has been described. The combuter is_fabricated from
commercially available parts and provides higﬁ utilization
of these parté. Numerous existing programs including many of
thoée which operate on the Apple-1I computer, may be employed
20 in the above-deécribed computer. |
The present application has been divided-out-of our
copending U.K. patent application No.-8109462 in which there
is described and claimed a digital computer whiéh includes a
central processing unit (CPU), a random-éccess memory (RAM),
25 an address bus having a plurality of lines interconnecting said
CPU and RaM such that said CPU addresses locations in said RAM
and a data bus interconnecting said CPU énd RAM, said CPU for

certain functions addressing predetermined locations in said



serializing neans coupled to said generation neans 10 for repeating each \#
word in a serial format a predeterm ned frequency so as to provide .
frequency conponents at said frequency f; and converting neanS, coupled tQ/ &
said serializing means for converti out puts fromsaid serializing neans

to an AC 15 signal; whereby a Viag%'chrona signal is generated. 2.

The circui in i Lhel udi it | citcult nmeans coupl ed
to said di%W‘g#hmg?pdgé%%e@%ﬁ%ﬁg%aﬁg %Fgﬁg%%?%g agl Bgéﬂohﬁl"er?gnce si gnal .
20 3. compPfsifk! Wekbetd8himtfs BorChdtielt ingMB8 £ipPedtiendiedi tal words are
coupled to a resistive weighting network for providing a gray scal e video
signal . 4.range ofheddriess Wiknsha!,i eaplby tol aérvaln deeeetdnsaindsdi gi tal words
are 4-bit words and wherein said predeterm ned 25 frequency is equal to.-
4f . 5. of saikheddresslbus;defginter byard omidpwhieing rsteaimg aedi al i zi ng nmeans
conprises a nultiplexer which is controlled in synchronization with said
frequeficy qutpgtting dightalcsignals, debblrdd tpysatidadabasbusieard n said 5
converting nmeans includes an inverter coupled to an output of said

mul ti pl exef#itening meapfLor pelfctinfePRiEEN3RIG) dightal S38N¥di ng addi ti onal
Ci_r cuit TEdRed qus!.a%g ;g%ig_ nier'd mg!ar_%i tag Cvevg ging‘fzr.]r?ersato- Osgige aadggess '
bus, said switching means éoupling said certain lines of said
addresls bus to said RAM whep,said detection means fail to
10  detect said predetermined range of address signals on said
certain detectiqn lines of said _addr'ess bus, sai_d.switching
means coupling said digital signals stored in said register
means to certain lines of the address bus when said detection
means detect said predetermined range of address signals on ' Y
15 said certain dgtection 1ineé-of said address bus; wher‘eb.y data
for said certain func_:tions_ ‘normally stored by said CPU in said
| 'pf'edetermined locations may be stored elsewhere i; said RAM,

thereby enhancing the performance of said computer.

20



*for prow d| ng a DC | um nance signal. 10 8. The circuit defined by

\€1 ai m.1 whierein said digital word generation means conpri ses: a source of
digital data far controlling said display; a first register coupled to

Zrecei ve data fromsaid 15 source of data; a multiplexer for selecti ng
bet ween two buses, the output of said nultiplexer coupled to said
serializing neans, said buses being co d to said first register, and a
shift register being coupled to receive data fromsaid 20 source of data,
said shift register providing a seri ahj ﬁ%di gital signal for controlling-
said -multiplexer. 9. The circuit - d by Claim8including'a

character nenoryyfor sgprd r&gg@myr BRSS!, | ¥ BbRiMed)UNEr i C
characters, said menory being coupled to receive addresses from 25 sai d

sour ce of data +iiRooai $pllayofob aidk REHRIY diRkirbgomputiergd t0 said shift
regi ster. 10. The circuit defined by Caim9 wherein when said first
register is di saliish, dbsplayl praviflaswoobosdmagss in 48spobnepds chrexaovi de al |

bi nary ones, and the other of said buses provides all binary zeros. I1I.
The. circuit defifienahy Beng predfierained phesshrelatiegehing tosacontrol | ed

by a plurality of clockin na
y ap 5 Y Qeferesce éi ag o} frequency (f), a circuit for providing

a digitally controlled'chroma signal cqmprisihs:

digital word generation means for generating_
predetermined digital words;

serializing means coupled to said generation means

10 for repeating each word in a serial .'fc;m at a
- predetermined f:equendy éo as to provide freqnency'

components at said frequency f; and

éonvertipg means, doupled to said serializing means
for converting outputs from said serializing means to an AC

15  signal; | |

whereby_a video chroma signal is generated.
2. The circuit defined by Claim 1 including additional
- ceircuit means coupled tOZSaid digitai word generation means
foxr pioviding a DC luminancé signal.

20 3. The circu;t defined by Claim 1 wherein said digital
words are coupled to a resistive weightzng network for
providing a gray scale video signal.

4. The circuit defined by Claim 1 wherein said digltal :

'words are 4~bit words and vherein said predetermined

25 frequency is equal to 4f.

-—_—

KA A



Nall of which are synchronized with said frequency(f), 12. Accircuit (g
., oﬂq roviding a digitally controlled chroma signal in a digitally ’
coktol l ed, raster scanned, video display for use with a m croconputer, ”;‘jjg
di spl ay provides color images in response to chroma 10 signal s :
ng predeterm ned phase relationships to a reference signal of frequency
substantially as herei nbef ¢ escribed with reference to and as
strated in the acconpanyi ng draw ngs. 15

u

5 The circuit defined by Claim 4 wherein said
serializing means comprises a multiplexer which is
controlled in synchrﬁnization with said freguency f.
_6. The_éircuit.défined bf,Claim 5 wherein said
5 converting means iﬁcludes an inverter coupléd to an output
of said multiplexer.
7. The circuit defined by Claim 6 including additional -
circuit means coupled to said digitél word generation means '
for providing a DC luminaﬁce signal. ._
10 8. The circuit defined bj Claim 1 vherein said digital
‘word generation means comprises: '
a source of digital data :or céntrolling sﬁid

display;

. a first régister couple&'to receive data'f:om'said
15  source §£ data; |
a multiplexer for selecfing between two buses, the
output of said multiplexér coubled to said serializing means,
' said buses being coupled to said first register, and
a shift register being coupled to receive data from said
20 source of data, said shift register providing # serialized
diéital signal for cdntroiling éai&'ﬁnlfiplexer;_,
9. The circuit defined by Claim 8 including a character
memory for storing data repreSentative'bf_alpha numeric
characters, sald memory being coupled to Teceive addresses from
25 said source of data, the output of said memory beihg coupied to
said shift register. ' '
10.  The circuit defined by Claim 9 whereiﬁ_ vhen said

first register is disabled, one of said two buses is

-
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clamped to provide all binary ones,.and the other éf said
buses provides all binary zeros;
11.  The circuit defined by Claim 16 wherein said shift
register is controlled by a plurality of clocking signals,
all of which are synchronized with said frequency(f),

12. A circuit for providing a digitally controlled

.chroma signal in a digitally controlled, raster scanned,

video display for use with a microcomputer, rox—-the-likey
which display provides color images iﬁ response to chroma
signals having predetermined phase relationships to a
reference signal of frequency (f), substantially as

hereinbefore described with reference to and as illustrated

~ in the accompanying drawings.

A



