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C NICROCONPUTER APPARATUS Vi
CAPABI LI TY The invention relates to the field of dlgltéi%%%? éi?) C
arly mcroconputers, having video display capabilities. Prior Art.
In the last few years, there has been rapid growmh in the use
al conputers in homes by hobbykgts, for small business and for
engi neering and scientific application. For the nost part, these
ve been net with self-contained, relatively inexpensive
uters or mcroprocessors with 0 essenti al perloherals
»

gn of conputers for these needs requires conS|derabIe‘|ngenU|ty

15" SOTPHE P p PR BRI EE E87ER"T N S A0P AT BRERHAG4 1, ©

s particual COSt conscrou usi ness
sﬁ%&ﬁé &gg Eisaﬁiﬁ W Y € a1y '3y &iiéﬁfaﬁn&aaramrﬁreles.

i RCT I'ng=t requiring felativ arge nenories, such
The conputer should |nterface with a standard raster scanned ' b

and provide a wide range of display capabilities, such as high O
3 pige nupeLi ¢ character displays needed for word process- ing in
sol ution graphics displays. To neet these specialized

needs, generally requires that a relatively inexpensive

SceSSOFIhetuéealaaltd ftémtyém ¢aphbirki hasofbddre papidsgoowith dmharoed

circuit.
use of digital computers in homes by hobbylsts,.for small business

and for routine engineering and scientific application. For the
most part, these needs have been met with self-contained,
relatively inexpensive microcomputers or microprocessors with
essential peripherals, includihg disc drives and with relatively
The design 6f computers fbr

- ( '

these needs requires considerable ingenuity since each computer

easy to manage computer programs.

must meet a wide range of applications and because this market

is particularly cost conscious.

A home or small business computer must,_for example, operafé
with a number of different program languages, including those
requiring relatively large memories, such as Pascal. The computer
should interface with a standard raster scanned di;play and
provide a wide range of display capabilities, such as high

density'alpha-numerié character displays needed for word process-

ing. in addition to high resolution graphics displays.

To meet these specialized computer needs, generally requires
that a relatively inexpensive microprocessor be used and that

the capability of the processor be enhanced through circuit: *




‘c&rtain dg}

10

-2- technijques. This reduces the overall cost of the conmputer by reduc'ng??
for_exanplie, power .needs, bus structures, etc. Another inportant !
consideraflfion is-that the nem/conputers be capabl e of using prograns
devel qped||f or eartier nodels. 5 As will be seen, the presently
descri bed nlcroconputer is e ipeal |y suited for hone and smal |
bbsiness §pplications. It provides a w de range of capabilities including
advanced & sRLAKicRHRAD | ifHES FedudesNehenovepanaklos thiofortl te £rS.
The cl osegit prior.’art conputer known to applicant is 10 ~comercially
avai | abl e UB?e&eh%ﬂr{ga,d% kex é‘ |1Bowe5’0ﬁéba%5 Pud Mlrfarde] ke,
descri bed U'S. Patéent No. 4, 1: SUMVARY OF THE | NVENTI ON:
According anbmew Q.%&'Rﬁrﬁéh‘@r&é&éhdéﬁéﬁlbﬁ REO¢hAed the hedh Gidnihu P uber
whi ch incljudes a central processing unit (CPU) a random access nenory.
(RAM, an |pddpaslewE Asamy progriams i dgveloped foirnearlifeyr amsdeldi ng said
CPU and such that said CPU addresses |locations in said RAM and a data
bus interdpnnectirg said CPU and RAM said CPU for certain functions
afidr essi ng| predeterm ned loca- tions in said RAMwi th a predeterm ned range
ofsaddresg si gnalas, wAll ripe csesent thenpresenglydéescriibederinr degmputer is -
detectingi{paid 10 predeterm ned range of address signals, coupled to

ddeaddy suited for home and small business applications. It
provides a wide range of capabilities including advanced display

capabilities not found in comparable prior art computers.

The closest prior art computer known to applicant is
commercially available under the trademark, Apple-II. Portiohs

of that computer are described in U.S. Patent No. 4,l§6,359.




es of said address bus; register neans for inputting, storing and _

puzﬁ}ng digital signals, coupled to said data bus and sw tchi ng neans W
8y selecting between said digital signals stored in said register neans
aAd certain lines of said address bus, said 15 swi t chi ng "means coupl i ng
said certain lines of said address bus to said RAM when sai d detection.

- neans fail to detect said predeter= “nined range of address signals on sai
. certain detection |lines of said address bus, said. swtching neans coupling
~said digital SS$MRAIH JHD BYHTIONAI d register means to certain lines of the

address bus 20 when said detection neans_detect saiq%fnedeternined range .
of address si gnal AcceRoLRg dockrr aressnét BMeENbiPN itHe® df *EAvddaRidieds bus;

where- by data for said certain functions normnal | ‘stored hy said CPU in =
“said predet e?’rﬁlﬁégl FPPYETHAE TRy " Q"%e?o? é"tfl’r’&‘g\ﬁﬁé?eessilﬂg éﬁ\% @US t her eby
- enhancing the perfornmnce of saigd puter. 25, e o according to
Che-present frEHPTaRErrerane S (HATFBH Soreassoyr v o8 b e ar Ay i
- includesga c a g I 0 Is dﬁgD 1CES; Fgg@, an
addr ess bus ﬁg%%néﬂ§L?§§§%°gﬁ%%%F§ |tyH§%§qu§%@g% "b?%?%??pg&%¥£.lnes for ®
coupl i-ng sai L tsh Sau M A RAM QQ%%~ I; gt ecting’
said CPU and . Oeégailg %Ud%’gﬂ aggr?g!faﬁ op_esr g‘?‘%or%g ad( %Q%I;ar%g %‘ﬁdé g‘?erm" ned |
l'ocations inggpi dafef\pVi dh BEEYRASFEHCENEHSS a8fra5aiiMg ;gréaétd%%@d ilbyaOf |ines *
by coupling a oredeternined address on said second Plurality of lines, an:
inprove- 5 +tiGwat i GARHI RIMN@itH enpfdcetefEineg fabei O ubEted® ssirRilspy and
out putt - ' :

/

an improveménf'éomprising:” detection means for detecting said

10 precetermined range.of address signals, coupléd to certain detectibn
lines of said address bus; register means fer inputting, storing
and outputting digital signals,iécupled to said data bus and
switching means.for.selecting between said digital signals stored
in said register means. and certain lines of said address bus, said

15 switching means coupling said certain lines of said address bus-fo"
said RAM when said detection meanslfail to detect said predeter-
mined range of address signals on said certain detection lines of
said address bus, said switching means coupling said digital-Sighals :
.stored in said register means tb certain lines of the address bus - .

20 when said detection means detect said predetermined range of:addrESS

signals on said certain detecticn linss of said address bus; . where-

w -

by data for said certain functions normally stored by saicd C?U-in
| said predetermined locations may'be storéd elsewﬁere in said hAM,”
thereby enhancing the performance of said computer. |
25 Also according to the present invention there is provided in
| a digital computer which includes a central'processing unit . (CPU) ?
a random-access memory (RAM), an address bus having a first plural-

ity and a second plurality of lines for couplihg said CPU with said -



second plurality of lines and said register neans for selecting signal
fromone of said second plurality of lines and said resister neans; and

| ogiic means coupled to said second plural- 10 ity of lines and said

mul ti.pl exi ng neans for causing said nmultiplex- ing neans to select signals -
fromtsaid resister means when sai d CRU3goupl es said predetern ned address
on said second plurality of lines; whereby said signals-fromsaid register
means provi de alRA,nandhgi datal ogmtinberconnesiding A Clt apt A e saiss 68U affcerd
with said certain 15 operations. Further according to the present _

i nvention there dFtpipeperaticns addregsiat pussptemingdilonatinnisute saddRANYI e
chip central process- ing unit (CPU), a random access nmenory (RAM K  an
address bus i nt erithcasidsess isignaks an caicSinstRalweald by afalines By GOUPAiNG ésses
| ocations 20 in sajd RA%} and a data ,bus coupled o saLﬁfCPU and, RAM
said CPU for cerRT8PRSTOAREY GRYTSRFuPR S9iA gSacRAd zfzéwaaiﬂégec’f 1887 d RARMRPVE-
provi di ng bigary zeros on certain-|ine

_ _ cer es of =aid aggress §¥S' an, oL

i mpr oygrrent _orrﬂ]fﬂf‘sﬁ%'.prbs’@_@g e%qqlan_e%lmpgreﬁt F ot"Wet €i 1 rslié’\gdar!ﬁ RHrRHZr os
atoring and out AUE FIGouT o tpap Rl B B Bl l Y Bofiofeinee B BAIHY:
bus for receiving digf tglo d]ggl?zltagli{:)f WP sl g7d %a?b'ar'aqi‘gger gegﬁg .tfbgl exer -

~for selecting between sai stonal s stored 1Tn said register and

said certain |inggedfingabthraldrfen fissorsiid BiohbPREI1HLOROLFREIAR | ed

by said detection _ _
said register means; and logic means couplec to said second plural-

ing signals, coupled to said data bus; multiplexing means coupled to s?%? .;l?

10 ity of lines and said multiplexing means for causing said multiplex-
ing means to select signals from' said register-means-wheﬁ said CPU
couples said predetermined address on said sgcond plurality of
lines; whereby said signals from said register meahs provice altern-
ativ§ locations in said'RAM_fcr'storage.associated with said certain

15 operations. ' |

Further according to the present invention there is‘provided-
in a-digital computer which includes a single chip central process-
ing unit (CPU), a random-access memqu (RAM), an address bus inter-
connecting said CPU and RAM such that said CPU-addresses lo¢a£ion55

20 in said RAM, and a data bus coupled to said CPU and RAM, said CPU
- for certain fuﬁctions addressing the zerc page-in said RAM Ey '
providing-binary zeros on certain-lines of said'addréss;bus; an.

-improvement comprising: a detection circuit for detecting said -

binary zeros on said certain lines of said address bus; a register
25 for inputting, storing and outputting digital signals, said register
coupled to said data bus for receiving digital signals from said

data bus; and, a multiplexer for selecting-betﬁeen.said digital



cuit so as to select -said register when said binary zeros are detected.
sai decertain | nes of said address bus; whereby data 5 for 'said cert ad

'Gﬁé normal |y stored on page zero of said RAM may be stored esl ewhere
said RAM and still easily addressed by said CPU Al so, further

which includes a central processi-ng X0 unit (CPU), a random access nenor
(RAM, an address bus inter- connecting said CPU and RAM such that said CPU
addr esses | atatdlenstonzdsin dakRAMeatsitsr dad salidscamiedém ddneeaifi sgigai d CPU and
RAM said CPU for certain functions addressing predeterm ned | ocations in_
sai d RAM wi eHczessr pust esibd medticlsyer dkingidoesteldiegney saididataptinre- 15

ment conprising: detection neans for detecting said predeternned range of
addr ess si geaFeuitcerifselio twlsel ¢addresd stayuyhen &gild tiname 48508 TS nput ti ng, -
"storing and outputting digital_ signals, coupled to said data bus, and,

swi t chi ng meakecteg o sast iGegtaln dimegyicl a2 1s) grEaesSsSsRT e d*IFesY| SRtRegi st er
means to_said address bus 20 ., when said detecti on neans def ect id
b edet e ndHF FSAIECCRALA e aPe OBl 4 T el niPadh 28Rp i Sy oo

bus whon a 08Y (35 RLoFo P AERGS - BTty STt T Rk Bl o i nea

state; a rgaqingy menory- (ROM coupl ed between said address bus 25 and
sai d data bus, sard ROMin response to signals on said address bus

provi di ng i NSt 454 OFartierSaidhibbht €3 Bl Grésit Diferic2of e sa d CPU to

I ncrenment address signha en said sign IS 1n
- provided in a digital computer which includes a central processing

10 unit (CPU), a random-access memory (RAM), an address bus inter-
connecting said CPU and RAM such that said CPU acddresses locations
in said RAM and a data bus interconnecting said CPU ahd RAM, said
CPU for certain functions addressing predetermined locations in
said RAM with a predetermined range of address signals, an improve-'

'15 ment comprising: detection means for detecting said predetermined
range of address signals, coupled to said adcress bus; register
means for inputting, storing and outputting digital signals,
coupled to said daté bus,_and;' switching means for coupling said
digital signals stored in said'register means to said address bus -

20 when §aid detection means detects saic predetermined range of said
add:ess signals, said switching heans also coupling said diéital
signals stored in said register means to said éddreSS'bUS_when'a
.certain direct memory " access (DMA) signal-is in a predetarmined
state; a read-only memory (ROM) couhled'between said address bus

25 and said data bus; said RCM in response to signals on.said address
bus providing instructions to said_CPp-on said_data bus to cause

‘said CPU to increment address signals when said DMA signal is in

ccording to the present invention there is provided in a digital conputer



-30- said oredeterm ned state;: said register providing a pointer fo g
iccations in said RAM when said DVA signal is in said oredeterm ned ate

and saijd register providing RAM address signals Wen said certain functions
are selected by said CPU, whereby data for said certain functions nornally
stored by said CPU in said predeterm ned | ocations nmay be stored el sewhere
insaid RAM thereby_ennancing the per.f ormance of said conputer. A digital

conput er ‘whi ch includes a central procéssing unit (CPU) and a

random access mgp hrég’fi‘g@nm&ﬂ s" r C%@Ciéfﬁpadﬂfe%&r%% @dlﬂtgﬁtf%rbus IS

descri bed. One favoura preferrec aspect invol'ves the iI'ncrieased

~capabi lity of the:{RbhbYifkhaWRAG PRACSPYIBOTsi1ERI0 iR saic orddéeerminde
stored throughout the nenory, and alternative stack | ocations and an

i mproved direct sERE)r ¥ndGRE8 SretapEdt brdyiciBy RAMSaddiessrsivhabsl Whgntdddsane
circuitry. Detection neans are used for detecting a predeternined address
range such as t hertzdnofyragdonsaade csrlsctay Ay sqxidi 6AU,10herabygdstiaefor said
(Z:register) to be coupled into the address bus. The contents of this
Z-regi ster muy pettaidefurichionxaophadlyasturedtyr sdid iCRY ih seid nredetsrmivedss,
or alternate stack |ocations for storing data nornally stored on page one.
I rg a preferred éagrfdpnerry b starereysenhese gimisaid RAM, thereby enhancing

the pnrformance of said computer.

A digital computer which inc_ludes a central processing

L4



an unusual manner to provide conpatibility wwth the 8-bit data bus and .
dt provide high data rates (16-bits[err]) needed for high resolution ot
Jdyspl ays. A first plurality of nmenory devices are connected to a first
enory outpgt bus; these nenory devices are al so connected to the data 20
hus. The mory includes a second plurality of menory devices which are ,

al so connected to the data buss zbowever, the outputs of these second TN
devices are coupled to a second output nenory bus. First switching neans -
permit the yhiiks{cPO) &nACc andandsmaccess esenaryb§RaMhnectked to the 25

di splay for high data rate transfers. Second sw tching nmeans permt either
one of the imtepeynibersitingt adéeesn buscand data besdis Adneridedi ng non- di spl ay
nodes. -4- . The addressing capability of the nmenory is greatly enhanced
not only tm@ughvmﬂbm:eﬁemd-mpechrmlvgsmbelA@?&ﬂpﬂng whi ch does
not require the CPU control associated wth bank switching. In 5

effect, theapghidtty ofi ther PRI haldpwing hases pagn OB AFRIPAENOry buses are

used for remappin urposes,. Thi de . of operatiop is particularly useful

“for pbBovi diddFat ngk?prﬁ}pﬁégmﬁg?ﬂ%@egﬁ?d!@%ﬂﬂ% s‘lo?dprf’ﬁ i¥ory. The )

present invention will be described further. .1 Y, of exanple, with

ref erence ts%afkef%%% En§Phge ﬁrm"g& Qﬁ'“f ge’"“'}).aém .
capability may also be provided by the same circuitry.

-

Detection means are used for detecting a predetermined
address range such as the zero page, and causing a special '
10 register (Z-register) to be coupled into the address bus..
The contents of this Z—register-_maw p:cdvide, for example,
a pointer duri:ig direct memory access, or alternate stack
locations for storing data normally stored on page oné..’
In a preferred embodiment., the memory is orgahized
45  in an wmsual manner to provide compatibility with the
8-bi1:'_data bus and'jet provide high data rates (16~bits/MHz) o
needed for high resolt_rbién displays. 4 first plurality
of memory devices are connected to a first memoxy oufput
bus; these memory a.evices are also connectéd to the data
20 bus. The memory includes a second plurality of memoxy
devices which are also connected fo the data bus; howevér, '_
the oufpn-ts of these second devices are coupled to a ' T
second output memory Ibus. First switching means permit |
‘the first and second memory buses to be connected to the
25 display for high data rate transfers. Sécond switching
means permit either one of the memory buses to be |

connected to the data bus during non~-display modes.



drawi ngs. 15 -5- BRI EF DESCRI PTION OF THE DRAWNGS: Figure 1 g a2y ock @
di agram show ng the maj or conponents and subsystens of the invented and
descri bed m croconputer system 5 Figures 2. and 3 together show

the central processing unit (CPU) and the architecture associated wi:th this
CPU, particularly the address bus and data bus. Figure 2 is a circuit

diagfam primarily show ng the address bus and the |ogic neans associ at ed

Wwith this bus. Figure 3 is a circutd=diagramprimarily showi ng.10. t he
data bus and its interconnection with the nmenory buses (A bus and B bus),

boot strap read-only nePhe pddregsing napedipity mf tthe wemoE¥es 4, 5 and 6 show

the menory subsystem Figure 4 is a circuit diagramprimarily showi ng the

circuitry for 138 reatly Anhrpged Ak ORLEHhEANEhs bRk awitahipBne address .
b d displ i ls.. Fi 5 s, i it, di i il
show ng the gondih TBROWE Fapsel SeMiaiee Wiifh,AoePohot RSUIAR: | devi ces.
Fi 6 iIs. i by dl i h - j.zati f the - .
Fandom accese mihr SPLSARAT BOSiken R vam SBRSSELAR' B0 O 0
output buges. Fighpegs, 7t *ullubbd® Hid SrbliCortt D2 e SHikWAS W OF the

second memory buses are used for remapping purposes.

This mode of 6pera.tion is particularly useful for providing'
toggling between twd separate i)prfiéns 61‘ the mem&ry._
| The pre’lsent' invention will be déscribed furthex,
10 'by' w‘a& of example, with referenée- to the accompanying |

drawings.



[

2

wefy H'EOnpUter. Figure 7 is a circuit diagramshowing the circuitry for
eneratling the digital signals used for the video 25 di splray. . Fi gung/

s ajcircuit diagram of the circuitry used to convert the digital signals
t--analjog vi deo signals. [err] %ure 9 is a graph of several waveforns
used t@ describe a prior art circuitdand the circuit of Figure 8.

" DETAI LD DESCRI PTI ON OF THE | NVENTI ON: A mi croconput er system capabl e of \J

drivin
descri
rates,
presen
‘that t
wi t hou
have b
i nvent
the de
associ

10

15

20

25

can vige di sclosed. In the foll ow ng
t@qﬁ—}s—n&g % @iggh igbﬁm%ﬁéﬁh as specific part nunbers, clock

NP
etc., are set forth to provi de a .t horough understandi ng of the
i nventi on. However,- it will be obvious to one skilled in the art

® hose pkef e P, Shou by eheTEPE Rt

&hd hQ\‘i‘ﬂs%QtQJnQC 6ediaqr ?L'HJéH R4 ol dgL s@?ibéﬁ ﬂ%‘i%"c%nﬁbecélf esent

on 1n unnecessary detail. Referring first to.Figure 1, I'n general
(gﬁggghconputer i ncl udes a central processi ng unit (CPU) 65, its
t'ed data bus 42, address bus 46, a nenory subsystem and

Flgures 2. and 3 together show the central proce551ng unit
(CPU) and the archltecture assoc1ated with this CPU, partlcularly
the address bus and data bus.- Flgure 2 is a c1rcu1t dlagram
prlmarlly show1ng the address bus and the loglc means associated
with this bus. Figure 3 is a circuit diagram prlmarlly showing
the data bus and its interconnection with the memory buses
(A bus and B bus), bootstrap read-only memory, and input/output

ports.

Figures 4, 5 and 6 show the memory subsystem.. Figure 4
is a circuit diagram primarily_shOWing the circuitry'for
selecting between address signals from the address bus and
_display counter signals. Flgure 5 is a circnit diagram prlmarlly
show1ng the. generatlon of various "select" signals for the:

memory devices. Figure 6 is a c1rcu1t_d1agram showing the
with the data bus and memory ottput buses.

"Figures 7 and 8 illustrate the display subsystem of the

invented computer. Figure 7 is a circuit diagram showing the

circuitry for generating the digital signals used for the video

-

. display. Figure 8 is a circuit'diagram of the circuitry used

to convert the digital signals to analog video signals.

organization of the random-access memory and its interconnection -]
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tenory (ROM 50, as will
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ubsystem 58. The address bus 46 fromthe CPU is coupled to th%(;;;?/

ystemto permt the selection of locations in nenory. Sone of A
signals pass through a nultiplexer 47. For some nodes of ‘
signals froma register 52_gre coupl ed through the nultiplexer

 bus 46. The register 52 is identified as-the Z-register and is
the myiigudex®rid7abyrspR éfbeevetd gRRIfIrndeassedttondescihbe
47 and 1ts control by the logic circuit 41 are described in

to
the dotted line 53 is included in Figure 2 while the CPU 65,

data bus 42 and multipl exer 43 are shown in detail in Figure 3.
bus [err] is coupled to the read-only nenory 5 50. The
his menory is .coupled to the conputer's data bus 42. The

be described, stores test routines, and -
of a general bootstrap nature for systeminitialization.. 10

s 42 couples data to the random access nenory(RAM 60 and to and
rts. This bus also couples data to the Z-register 52 and other
ed registers not illustrated. The data bus 42 receives data from

t hrough the A bus and B bus which are selected by nultipl exer
pheral 15 bus N2 is used, as is better illustrated in

or
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jener at e t hese vldeo signal s be used to.generate separate
RInETR Pees ed20 AN Sk FaSbesifiboRers releAs: AR bUS |

oupl i ng .to peripherals. The nenory subsystemis shown in detail in Fi
i 5 and 6.: The address control neans which recei ves addresses ‘on hus

]

ori zontal and vertical display signals, provides signals both to t

#ddress control neans 59 and to the display subsystem 48. The di spl ay

ubsystem recei ves data fromthe RAM 60 on _the A bus and B bus and_con
hese dhghigrospgpaten SHALRD a3ppRle Qfi drivingr @ rashemdgannedt er

Hcapned di splay. A standard NTSC col or signal ,is generated on |line 197

i videR dhaprdayt é%ﬂ&é&lsq%+ of | the fodlowiads desckiftedn used to

gre
TCERs . Sre” s is) S s e fece: Bhprpd &aéé—grws’}c g
of the present invention. However, it will be obvious to one
skilled in the art that the inventive concepts described in this
patent may. be practiced'withéut these specific details.-In_
other instances, well-knde ciicuiié'pave been shown in_block

diagram form in order not to obscure the present invention in

unnecessary detail.

Referring first to Figure 1, in general the describqﬁ'
computer includes a central processing unit (CPU)'GS, its
associated data bus 42, address bus 46, a memory.subsystem and

a display subsystem 58.

The address bus 46 from the_CPU is coupled to the memory"
subsystem to permit the selectiqn of locations in memory. Some
of the'address signals pass through a multiplexer 47. qu.some 
mddes of operation, signals from a register 52 are_coupléd_.
fhrough the multipiexer 47-oﬁto.the bus 46;- The register 52
is identified as the Z-register and is coupled to the mulfiplexer
47 by the Z bus. The general description of the multiplexer 47
and its control by the logic circuit 41 are describéd in detail_

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

-

kes the 'fa‘bal sel ection of nmenory |locations within 2.0 "t he -RAM: 6.
i.nk smntchlng, addr essi ng for~di spl ay purposes, scrolling and ot her

ppping is controlled by the address control nmeans 59 as w Il be descr
iln greater detail in conjunction with Figures 4-and 5. The.RAM 60 is
iIPEBARLED| PESCRIPTION OB eTHE UFNENBBOMAI ch i's sychronized with the 2p

hur es
16,

Bor y
oot
1e_.
erts
and

én,
jmng .
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RCHI TECTURE I n the presently preferred enbodi nent,
#ssor) enployed with the described conputer is a com"rercga ly
tonponent, the 6502A. This 8-bit 5 processor (8-bit data

has a 16-bit address bus is shown in Figure 3 with its
tions to the reminder of theé-conputer. The pin nunber for each
tion is shown adjacent to the corresponding line. In many cases,
HAltHe we@%@te@e Vabbreae1908243( GRU i1 ddedsBd Fighhés210
For exanple, pin 6 receives the nonmaskabl e interrupt signa
ARl thd TEYURS dnéflofPCEOYEdbta bHsL42IRing afPSipbegan! 43
%one of the signals enployed wth the CPU 65, which are
iard howd | 1ﬁﬂﬂbwmirhlﬁrplgakenecessary for the understandi ng of

i nvention are 15 not described in detail in this

, such as the various synchronization signals and cl ocking
e address signals fromthe CPU 65 are identified as [err]. The
s ass@iatatfimess bae NPUiS5canpleldowe dhe eredd-owlyi hémbey
» one skilled in the art, the inventive 20 concepts
$0.hi Thepmutent oot rmlylsemempryyea wioupledhdro rike opempetey’ s. data
dow to Figures 2 and 3, the general architecture, particularly

8 Us é?assd?hetré%a@wwly HeempryeSROM) [5dst ase wickh beridesgnibed,

ir] are coupled to, a
stores test routlnes, and other data of a general bootstrap

the CPU 65 /igi;/r

H
M

nature for system initialization.

The data bus 42 eouplee data to the random-access memory(RAM).
60 and to and from I/0 ports. This bus also couples'data to the
Z-register 52 and otﬁer commonly used registers not illustrated.'
The data bus 42 receives data from the RAM'GO_througﬁ the A bus
and B bus which are selected by multiplexer 43--The'periphera1

bus N2 is used, as is better illustrated in Figure 3, for
\

=20

25

coupling-to peripherals.

The memory subsysteﬁ is shown in detail- in Figures 4,'5.
and 6. The address control means which receives eddresses on
bus 46, makes the final selection of memory locatioﬁs within
the RAM-Gb Eank sﬁitching, aédreSsing~for.display purposes;
scrolllng and other memory mapping is controlled by the address
control means 59 as will be described 1n greater detail in.
conjunctlon w1th Figures 4 and 5. The RAM 60 is shown in detail
in Figure 6. The counter 58 which is sychronlzed with the

horizontal and vertlcal display s;gnals, provides signals botQ




al so coupled to the ROM 50." The signals [err] after passing g

IR gggggbfer 103 by the bus shown primarily in Figure 2. These address’
buffer 103 are coupled to the nenory subsystem The addres

t}

- sffgnals [err] (higher order address bits) are coupled through lines sho

Figure 2 to the multiplexers 47a and 47b. The contents of the Z-regi ter
of Figure 1 is also connected to the nultipl éxers 47a and 47b through "\
lhetg- bhe e2drE®s crnctrwl tmeanseb? afd &od theb ddldpiay heulssyseémoagof |
% ther the signals A8-Al15 fromthe CPU 65 or the contents of the Z-register
~(lerr]) for addressing the RAM 60. The output. of these. nultlplexers ar '
J;own as herr] this designation is used even when the Z-bus is sel ected.
e isplay snbsystemnreceives dagaalfriom dde|RAM (@0 tom the
nultl | exer 47a throu%Q t he exclusive OR gate 90 for reasons which are
g, aPHEdapgt 8 busr RAeer ts ghheseadigitadr signad xdupleide® t he ROM
S
lte
0
3
3

teinT

thus t he, si gnal s ] are used for addressing the ROM 50. The
gﬁé?gakg whic EQﬂgﬁﬂinixFYQP@ﬂE d| sgEtesi seanneshslieRIRY he Aover

ft;hand_co r, of ure 2:.this logic, circuit ,corresponds to the |ogic
 ehRpdgTaoNEEC g& P or Sta it aPROERERT: SBaldn ol And i t ho 0bs
[ e I i di.rectional_bus t the ir ional buffer e
_bf%%ﬂ S% r s deteetTVEr d?%a 9 atggfb§QN?zﬂ¥Qﬂ9%%e % @pu1 of *©
0] 0 j Ca}s 0, n ri other_tines not pertjnenf{ to

.tFPhO'(\aﬂcé ggﬁ?sggsgg%geﬁﬁﬂea s Gk 3 éaxq Eg 18 4C el L e SSE A LS

red, green, blue (RGB) wvideo signals. The display subsystem_
'48-receive$ numerous timing signals includiﬁg the standard color
reference signal shown as 3.5MHz (C3.5M). This subsystem is

-described in detail in Figures 7 and 8.
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5 is||coupl ed through the buffer 99 and bus 42 to the RAM 60

¢
!

i | |

|

he direction of flow through the buffer 99 is controlled by a
signal coupled to the buffer through inverter 101. Datggé
to |

ta fromthe RAM60 is 5 comuni cated to CPU 65 or bus N2
bus and B bus through the buf¥®r 99. The 4 lines of the A bus

| exer 43a. Simlarly,

BEt 0 the nmul ti pl exer 43b.

rs 43a.and 43b select the 8 Ilnes of the A bus or B 10 bus

icate the data through to buffer- 99 and bus 42. These

rs are selectlvel di sabl ed_(for . exa ri by gate
??n@@ggglpﬁg% %Us a%ﬂigﬁ%

be Teddd ti}E?d3 ettty Q‘ﬁ%f

i di f 16- t f
oA MEGTOREORATE ) (A LOVRA CEb b, P PaEckiERa Blnibd g
I d dat d { t t
R R yne%‘ﬁ e %ﬁgfe‘éP%S'Pg’ﬁéaediﬁg“ﬁ%e"eﬂ%%t2 -
t -
PR B YU QPR PEAF LSS 08 18 bt il ol

EP{@&%{ rigd ﬁ'&?&% rent; Of (DS ERPBYEBHnake idels ftd tthd rhadiddr of

the compu£er, The pin number for each interconnection is ehown

adjacent to the corresponding line. the nomen-

In many cases,
clature associated with the 6502A (CPU 65) is used in.this
application. For example, pin 6 receives the nonmaskable
interrupt signal (NMI), and pin 4 is coupled to receive the
.interrupt request éignal (IROQ). Some 6f theisignals employed
with the CPU 65 which are well- known in the art, .and which are
not necessary for the understandlng of the present 1nvent10n are
not described in detail in this application, 'such as the varlgus.
-synchronization signals and clocking signals. .The address‘
signals from the CPU 65 are identified.as.Ao—A7'and Ag-Ajs.
The_data signals associated with the CPU 65 are shown as Dg-D5.
As will be apparent to one skilled in the art; the inventive
oconcepts described in this application may be employed with other
microproeessors.,“__ |
Referfing now to Figures 2 and 3, the general architecture,
?articula:ly the architecture associated with the CPU 65 can

best be seen. The address signals Ap-A; are coupled to a
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é!ected by control signals'coupled toits pins 18 and 20, identified

as
ignals ROM SEL and T ROM SEL. Any one of 25 a plurality -of -
onnerggafly avai l abl e read-only nenories may be -13- used for the [ROM
0. Inthe presently preferred enbodi nent, comercially avail able Parft No.
Y2333 is used. Referring nowtp=this logic circuit (lower |eft-hand clorner
f Figure 2), the NAND gate 81 receives the address signal A8 and al so| t haw/
| baiffeire 107 dy stigaabus dshowhi pdiasrAlly STKFikuwereu? put Tbésehis gate
rovides one input to the AND gate 87. The A8 signal is also coupled-
haddgle sshesiigneals ear&2alsoogoupdpdt ticerthien&ROM5Q he T@Dsygnadsgs and) 86.
he address signals Alerr] and A10 are coupled to the input term nals pf
hdgNeR gdftte8pagsitnguthnough thes bydfifen d Ghupredcewrded tAput term pal

f the NAND gates 85 and .86 ‘and the AND gate 87. The address signals
the aemoryvarsubsypren- t oThReafdpesst sdgndlis Ad—Ahe NoRIBEFe 84. The

ignal Alerr] is also coupled to an input term nal. of the NAND at% 85| The

cribed, alo

47b through the Z-bus (21;27). The multiplexers 47a and 47b

allow the selection of either the signals As-AlS'from the CPU 65

or the contents of the Z-register'(zl-z7) for addressing the
:RAM 60. The output of these multiplexers are shown as Ag-Als5;
‘this designation is uéed even when the Z-bus is sélected. Note
in thé-case of the Zg signal, this signal is coupled to the

‘multiplexer 47a through the exclusive OR gate 90 for reasons

which are explained later. The address sigﬁals.AgeAll are also -

coupled to the ROM.SO,.thus the signals AO'Ail are used for
addressing the ROM 50. The signals'Ag—Als are connected to
the logic circuit'shbwn in thé lower left-hand corner of
_Figure 2; this logic circuitfcorrésponds to the logic Circﬁit

41 of Figure 1.

The input and outpht.data signals. from the CPU 65 are”;

'1ccupled'by.a bidirectional bus to the bidirectional buffer 99

(Figure 3). This buffer is selectively disabled by géte“loo_
to allow the output of ROM 50 to be communicated to CPU 65 and

 during other timeés not pertinent to - the present discussion.
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circuit permts the zero page or base page data to be stored
the 'RAM 60 rather than just on zero page. Secondl y37t hi s

abl es. addressing of alternate stack |ocations (other”t¥han page
ly, this circuit -14- through the Z-register provides a RAM
r direct nenory access (DWA). ASkTTe for pur poses of discussi.on

(3]

IPU 65 | dd i th f : . That is, t i gh

L Thedir St ers of 1y Caroubh the PBERen 89 Asiqantrel s oY oy
83 84. If.,all_the i ts to.th t th
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eI 0, Ko 0P8 Gk bl A0C LTI A PRLGAE D B0 Brouan

r the nenory. _ _
h I ,ad10N | gs$: dat.a e pWhY ' r
f%RrﬁAHG@E(gliénc%@uai ﬁfgﬁ% s 2%:{3%5 paggié?’g pibids Bhd % 23 eeé Of e B

(hp Bdd ko T Ohe CR@TRE BL kB tgb@% CARME 1, Sthé toORer

d froma single zero page I's mnimzed.
4 lines of the A and B buses are coupled to the multiplexer 43b.

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

bué and communicate the déta through to buffer 99 and bus 42.
These multiplexers are selectively disabléd (for example, during -
writing) by gatelloz. As will be described later, the 16

lines of the A bus and B'bus pérmits the reading of 16-bits
from the RAM at 6ne time. This_érovides-a data rate of 
lebifé/MHz which is necessary, for example, for aﬁ_80 chéracter'
.per line display. The data is loaded into the RAM 60, é—bits

at a time.

The.ROM 50, as mentioned,.stores test p;ogréms; data,
needéd ﬁo initialize_variéus registers, charécter génerétion
data (for RAM 162 of Figure 7) and other related déta. -
Specific prbgrams employed in the preséntly p;efe;red embodiment
-of.the.cdmputer are set forth in Table 1. - The ROM 50515.
selected by control éignéls coupled.to ifs piné 18 and 20,
_identifiéd as signals ROM SEL and T ROM SET. Any one of

a plurality of commercially available read-only memories may be




0 - Normal |y, the CPU 65 sel ects page one for stack locations..| This
ccurs when A8 is high and Alerr]are low. = Assune first -15- that the\w
| ternate stack | ocations have not been selected. Both inputs to-gate Bl

re high agﬁ,lts output is Iom1 The low input to the gate 87 prevents |he
el ection t he Z-bus. Thus, ﬂr t hese conditions the address signalsf , |
[err] select st ack Iocatlons on~page one. Next assume that page one hps 14

R Fh R e o 2 £BS el 2 %a%?%l ‘L-‘ﬁ"8°§|é{“ebnq%j he o) to
T‘Z%?'&é%ei#lc;a R L EBTeLprd MR SR AT RRENE | LD < Lo Gt on B and

4 are | ow, therfore , high outputs occur fromboth these gates. The
onditions of gate 87 are net, causing a high output fromthis gate and
OWer i NGrd MG PP Yot £8) i:h&sg%%l@ cilttiZ b&tﬁo‘bérti?gftsﬁ!aﬁ‘at eeried h
I'tiplexers 47a”and 47b. This allows the contents of the Z-register fo be
Used a8 AltE TR} L hO@CRANBNGateNO1- 2R RRGE ﬂ&caéa&f'ésér gighatr ag by
nverting A8. The exclusive OR gate 90 acts as a selectivé inverter. |f A8
ilis abidgfal d1es rdltsrhave bikaek| eighaal idenwoitivd 2¢ ENE BERLI pl exer fi7a
Il be low. Note that during zero page selection when A8 is |ow, the
embe Lhwpalt iSf dehest J;;teommﬁetsedméﬁrmmit ged etRé ANDt lgatequut of
| ti pl exer 47a..
The Ag signal is also coupled throuqh the 1nverter 82 to one

1%

input terminal of the NAND gates 85 and 86. The address signals
‘Ag and Ajq are coupled to the input terminals of the'NOR gate'83
The output of this gate is coupled to one input termlnal of the
NAND gates 85 and 86 and the AND gate 87. The address 51gnals
Ajj-Ayg are ooupled to the'input.terminals of the NOR gate 84.
The signal Aq is also coupled to an input termlnal of tire

NAND gate 85.

I

‘The outputs of the AND gates 87 and 88 (through NOR gate
89), controls the-multiplexers 474 and 47b. When the output of
|
F gate 89 is low the Z-bus is selected, otherwise the address

s1gnals from the CPU 65 are selected

The_10gio_circuitoabove-described}'aioug with-the Z-bus
and Z—register'provide enhauoed oerformance for the oomputer.'
first,this circuit permits the zero page or base page data
to.be stored throughout the RAM 60 rather than just on zero
page. Seoondiy,'this”circuit'euables.addressing'of alternate
stack locations (other than page one). Lastly, this circuit :

-

CoA
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Thus, thdllogic circuits along wth the ALT STK signal allows alternate g
stack locations to be selected through the Z-bus. This furtheréi hances &he ]
performange of the CPU which would otherwise be limted to pag ne for
stack locjations. ° -16- The logic circuit of Figure 2 is also used al ong
with the [f-register to provide a RQigt er durlng dlrect menory access (DMA).
Assunme thit direct access to the conputer's menory |s reqU|red by a
peri pherall apparatus. To initiate 5 t he DVA no he CPU OVIdeS an
address b t“bsnugbowh@n@ﬁm9915tﬁﬁ(ﬂEﬂV%@?%g?CRQ“rEBFPtﬁEt £o5 St%d in
Figures 2}land 3, the ROM SEL signal is brought |ow for addresses between
FO00 and FFFﬁmothﬁ§Q§%ﬁuﬂ Mﬁ?connunicated to gate 93 and causes the
out put ofljgate 92 to rise ([err] is high at this tinme). This 10 rise
in potentjjal is comruni cated to one input of the gate 85. Additionally,

85 s th he add “bi d [ . [ .
Pt ormat i fin i < f:a%utme S AR IR N #&%rtgfh%ﬁv&l’m'éﬁudf gate
83 " high si | the fact_that h di
05 gate of s03R3svis Hhe Farsh iade ﬁ%fvég%’n%%obg?%%p o e R SR
[ | . drg t ent,i al Thi
\?\llmggﬁ i nri p%ﬂld?ﬁ%%e rJl't I ZPI%AI]SI :allig%aésf{']%%?g% pI’OVI g’es%léu?e ;Aat oo Hal
té the CPY dééte\é@ea e GUR KL 2t §4han9§hg&& £ 3 ik o mﬁ@s@e_

transferrg : _
~gates are zeros, the outputs of these gates are high which

condition is communicated to the géte_87. - Ag which is also
low, insures that the output of gate 81 will be high.  Thus,

10 all the inputs to gate 87 are high, causing the signal at the

output of the gate 89 to drop. When this occurs, the Z-bus
is selected. Instead of all the binary zeros from the CPU
being_coupled_to the main memory (RAM 60), the contents of

the Z-register fefm part of the address for the memory. Therefore)

15 even though the CPU 65 has selected the zZero page, nonetheless
data may be written into or from any 1ocat10n of RAM 60
(1nclud1ng the zero page). Thls enhances the perfornance of
the CPU, since for example, the tlme consumed in shifting data

to and from a 51ng1e zero page is mlnlmlzed

20 ".Normaily,.the_CPU'GS'Seleets'page one for stack loeations.

This occurs when Ag is high and'Ag-Als are low. Assume first




=

to t RAM The DMA 1 signal through gate 93 and inverter 93 f
0

fer (during the readi ng of ROM 50). -17- Al'so, the ready signal
auses the CPU to come to & rrd stop. Inportantly, the [err] signal,
assing through the inverter 94 and the gates 88 and 89, assures the
eltheti dheofakiermtegtack lorationseayeomathdeen csplectedre fixed

or ces

signal low. This signal in addition to being cormunicatled b
50 is coupled to the buffer 99 through gate 100, dlsabling-tHis_

aftﬁy

and

rovide a pointer to a page in the RAM _Under. the above COﬂdItIOﬂS t he CPU

Hynehroni zatign with the CPU operatian. The .peri al so fu ni shes

e ok e (PR LatE RREROG3 SR ALY Rothty SSHPE | o he

%ﬁi%%%%hlnto RANIVla bus N2 _and bus 42, or read fron1RANIV|a the A and
u

&oqﬁﬁquf qqmﬁﬁgﬁn??ﬁ ‘with the above DVA arrangenent addr es

romthe peripheral apparatus are not necessary and the Z-register is
0 provide a pointer to a-page in-RAM 60.

Next assume that page one has been selected by the
CPU and that the ALT STK 51gna1 is low, 1nd1cat1ng the alternate
stack locations are to be selected. (A flag is set by the_

CPU to change the ALT STK signal). Slnce the ALT STK 31gnal

| is low and Ag is high, a high output occurs from the gate 81.

All the inputs to gatesﬁ83 ahd 84 are 1ow,'therfore,-high outputs
oecur from both.these gates. The conditions of gate.87 are

met, -causing a high output from this gete and lowe:ing the output
from-the gete 89. The Z-bus is thus se;ected by the multiplexers
"475 and 47b. This allows the contents of the Z-register to.be
usea as alternaﬁe locations. Non-zero page loceﬁioné are assured!
by inveftiné Ag. The exclusive Oh gate 90 acts ae a selective
inverter. .IfIAQ ié'high and Zo-is low, then!AB at the output

of the multiplexer 47a will be low. ﬁote that during zero

page seleetion when Ag is low, the Zy signal is directly

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

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

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

nSeske drPutfe 1 @AtS- t§r8f high é‘éi’d‘ré§ss SRt Ihel@®m 58heur ni shek t he
rugtions for increnen t he addr specifically SBC #1 and -BEQ The
'eiPﬁhéPQu?a r?ﬂ?uﬂiﬁ%véz gr?ﬂgn&§t§ ﬁ%ﬁﬁﬁ?&%ﬁt%@ e arhus.-
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d..In Figures 4 and 5,

SUBSYSTEM The nenory subsystem shown in Figure 1 as the addre
ns 59 and RAM 60 is illustrated in detail in Figures 4, 5 and
the nenory 5 control nea S
ein Figure 6 the nenory dQMi es .and their organizati are

means 'of Figures 4 and 5 receives the

02, T ERP ool £ el o e RS 0

Oy 48l gPAgTEL pLOTTS SR AN leteg by abicgerer
(B S FE AT, BEaRRTRat uees e o s choaks s

_ | unctions are al so shown
ik id requir8dChyaa bRe ipgHeHA N lapyd £tuP! ovegdesndtsakay
i ndi rect RAM addressing and nmenory neppi ng. The CPU 65 of Figure
HE-pMA Rede eshel PUageoosdie’d sl QdEBN Y -be tiiéeh PBODNARY FSFF.

es this address limts the nenory capacity to 64K bytes. This

y Prough 4 Slogsuf blietait notmanuEHddteal | sFigarésr 2exaapis,

ely use the Pascal program | anguage. As wi.ll be described in
atHe RO SEOreignadntisobrovght ow ifpy esddrewsiesS beakbent FO00se -
having a 96K byte or 128K byte capacity. One well-known

Wemeh FEFRIsedThis signal is communicated to gate 93 and causes

the output of gate 92 to rise (DMAT is high at this time). This
rise in potehtial is communicated to'one-input of the gate 85.
Additidnally, gate 85 senses that the address bits Ag, Aq

and A;, are low. This information is coupled'to gate 85
through the inverter 82 and the NOR gate 83 as highfsignéls.
Also the fact that.Ail is high‘is'directly-communiCated'tp

gate 85. Thus, with the address between F800 and F8FF the

DMA OK signal drops in potential. This is sensed by the

20

L)

peripherai'apparatus which in turn causes the DMA I signal to

drop and provides a ready signal to the CPU 65. With the

completion of this handshake,'data.méy begin to be transferred

to the RaAM.

the T ROM SEL signal low. This signal in addition to being

communicated td the ROM 50, is éoupled to the buffer 99 through _

gate 100, disabling this buffer (during the reading of ROM 50).

)

Pty P




i ch providdes the benefits of bank sw tching, however, thi$ node does

Importantly, with the above DMA arrangement, addresses
from the peripheral apparatus are not necessary. and the

W Z-register is used to provide a pointer to a page in RAM 60.

with the present invention for increasing this capacity is bank

chi.ng; this swtching occurs under the control of the CPU. - -1 9- Iy

{ ti on, hg? address control neans uses a unique indirect addressing jnode
|

equire CPU control. This greatVy enhances CPU operation with the |arder

ARLY ,( 3heliddadie diRafdl hesls¥BepneorpY % (condiad R KA rokbgd bank
wtching. Referring Tirst to Figure 6, the RAM configuration is _ _

| krpbrabad 1y, 0rtie GMETI t¥igha DOKabybes pasEiigiRYdLgls ©gani zed intjo 'six
ows, each of which includes eight 16K nenory devices such as rows 111 and
1Znveirtelie 9ar earhithe pfotes r 88l gnodonealssulald e Elldctddn dypan c [RAMs
re used. (The pin designations and signal designations refer to this

fthey zdeegdsterQoviThs gontéles oEmbhy devieedsvmy dxe effxke@deand| nput] dat a
o these nenory devices 106 is provided fromthe bus 42. Each line in the
pupré?ide @omudsttest tto taepalge ainnphe R&Mri nal of one device 106 in each -
ow. The interconnection of this bus with each of the nmenory devices |is
jot- shown in Figure 6 in order not to overconplicate this drawi ng. By way
hf exanpl e, however, line 107 connects the data bit D7 to the data i-nput
{er mi naUndlerotderfahare reend it dens cethen Ceic insiranants xtheubkowasir ee rEms'
Hf- _devi ces 106 -have their output termnals )

8-bits of the address signal. The ROM 50 furnishes the

instructions for incrementing the éddfess;_specifically SBC'#l

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

the data in synchronization with'the_CPU operation. The

peripherai also furnishes a read/write signal to indicate which

operation is to occur. Data is then written into RAM via

bus NZ and bus 42, or reéd from RAM via thé A and B buses and .-

N2, -
bus @)

4




coupled t¢ the A bus, and three rows are sinilarly coupled to the B bus

g

By way of%exanple I|ne 108 connects three output term nals of deV|ces 10
to the DBY] line of ,.the B bus while li-ne 109 connects three output’
termpal sffof the devices 106 to the DA7-18me of the A bus. -20- The

descri bedlimenory devi ces 106 are each organi zed as a 16KX1 nenory. Thus,

each’ devi §le receives a 14-bit adﬂé@é@zﬁ@bﬁ&xﬁgféinﬁ mul tipl-exed into two,
7-bit addflesses. This nulti pl exi ' he control of the Kgr]

signals 5 as is well-known. The |ines coupling the address signals
to each offf the devices in Figure 6 are not illustrated. However, in the
| ower, ri ght - han@heomewoxy. Fulgsystém shownardnoFs gingd asippie aaidoesach
device (i

cluding the address signals), along with the corresponding pin
nunber s afle comdbwmel deans 39 c@mdrmoﬁo is ng lusitinadtadatiod detatke ivfresh
control ciffrcuitry which operates in a well-known nmanner in conjunction with
the [err] [[aRdgaagceds & Gnd 6 tas reentianede dymafiiguras desandarh toq pemory:
menory deyli ces 106 receives a unique conbin- ation of [err] and [err] '
si ghal s. oCOBEE dreansiy 49 1shewr; vebidgasinsFigunse 67 thpy memeny devices
simlarly rom1112 rIeceives, #e r] 0 and,RAS O, 3. The ner 4£(m1 of thesi

CAS and fedy oxpani PnaESnﬁ&ﬁBFF6ﬁ9ﬁ4t1F§aﬁj es§gentro
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the CPU 65 (Ao—Als), the count in the vertical and horizontai
counters (counter 58 of Figure 1) which are used during display
10 modes, cont:oi signals from the CPU and other signals. 1In
general, this control meané develops the address signals which
- are coupled to the RAM of Figure 6 including the column address
.and-row-address signals, commbnly referred to as CAS and RAE.
3cher_relaﬁed functions are.aiso shown in'Figures_4-and.5,

| 15 such as the circuitry which provides display scrolling, indirect

' RAM addressing and memory mapping.

The CPU 65 of Figure 3 provides a 1l6-bit address for
'addressing the memory. Under ordinary'circuﬁsténcés this address
limits the memory capacity to 64K bytés.- This size memory |
20. is insufficient in mahy applicatiéns, as for example, to
. effectively use thé Pascél.progiam'languége. As will be

described in greater detail, the address control means of

M

‘Figures 4 and 5 enable the use of a memory having a 96K_byte
or 128K byte capacity. One well-known technique 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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ogcaffion in the 96K byte nenory (for witing) and also the sel- 20 ,
&a n (fo.hreading) of 16-bit locations. The nenory of Figure 6 may be =
xpapded to "a 128K byte nmenory by using 32K nenory devi ces, such-as Part-

\ 4132. In this case, fOUF_IQﬂ§ of eight, 32K nenory devices .are usled .
ith each row receiving two CA3%Znd RAS si gnal s. -21- Before revie

I Ng. ;

. , . : . . W
igure 4. .a general understandi f_the organization of the.display ifs
LB Brds Rt SAEECSLABOLEROT medS 0t  utliade g 6e8R'
ori.zont al. se 24 cal,se ts for al _of 20 bl ock
Tagfresgrnth SR, WP P PGS 1o MR o (o AR RSl e
i or Y, . SS g . f Adispl.aying 109 nodeg.
hg‘ggjeggfﬁrft et?ﬁm gha é %égsgﬁgﬁméleﬁﬁ&?gur?%ﬂﬁc}gl eéi:] : dﬁ&]?l %%E§?§¥r di splay -

- | ' hi $KHEU ' hgﬁﬁ,i : : segpeENts (e.g.| for
i%%ﬁ%&?&% g%ﬁg! héﬁ%ﬁ%ﬁ??@ﬂgﬂaﬁggtg%gﬁgg?hﬁ%ne : qagéﬁ%ggggges 3
ddiekkeRdleqie iR cdmPardast8nehe EBOVR oAt r¥11 el vk Vewitchifgyhes 4 and
. Oten in the prior art, two separate counters are used to supply the .
i m ng/ address signals for accessing a nenory when the data in the nmenpry
s displayed. The count in one counter represents the horizontal |ines|of
Ee _SCFﬁélfle(r\ieirﬂg' celr s0UBd) Fogdrehe ,other Have qsfigeraviengigach |ine
ori zontal or _ S
illustrated for a capacity of 96K bytes. The memory is

2]

-

organized into six rows, each'bf'wﬁich'ihcludes'eight 16K memory
devices such aé rows'lll and 112. In the presently preferred
embodiment, 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.

Input data to these memory devices 106 is'provided'from the .LJ-
bus 42. Each line ip tﬁe bus 42 ig'conneéted‘to the'data'input '
terminal of one device 106 in each row. The interconnection of -
tﬁis bus with each of the memory devices is not shown in Figure -
6 in order not to overcomplicate this draWing.7.By way of |
.example, however} line 107 cdnnects fhe data bit D7 to the &ata-'
input terminal of one of the membry devices in each of-thé'Sik

Yows.

Three rows of devices 106 héVeItheir output terminals h .
coupled to the A bus, 'and three YOws are similariy coupled'.
to the B bﬁs; By way of example, line 108 connects three'dutpuﬁ
terminals of devices 106. to the DB7 line of the B bus while line

109 connects three output terminals of the devicéé 106 to the_

DA7 lirie of the A bus.




dot count In many prior art displays the nost significant bit of the d
counter i4 used to increment the line counter. Data in nmenory intended fo
di splay i § mapped with a one-to-one correlation to the counts in theg3r
counters. || I n another prior art systen1(TﬁBFEnented in the Apple-I
cohput er old by Apple Copputer, Inc.) this one-to-one correlation is not
used. Rat her, toTimﬁs@rbheélmempryydexmasgllé)&:m e?ack enganjeadand a
nor e dlspﬂrsed mapping is used in the menory. (Note that where a naxi mum
hori zont all} GodfK¥k eEMeEY useBhushi sagbnievice xeceigm®a bb-Pipreadérees
by all ondgts in a digital counter_and_thus the vertical counter cannot
easily be|IWQ%QHH&§MF¥W3t%%lﬁ%E%e§P6nPPt@aﬁWQmt Thﬂ?fﬂﬁ¢ﬁﬂ$§%ﬁtalThls
counter.) |ISi nce t pore dis erse tech s part of _the _pri or
art and 5| multi e’&’r’i"il‘&%ﬁ’u 6 ﬁdé‘r?‘ ﬁm%@%%ﬁe h@%r%%rﬁn‘?n%ﬁt ségnals
it shall. ot be des However,. .t he nne n_which i
 pBenent dd el WLt e %ﬁec&ﬁrﬁﬁcfwmm trd 15gpakpyEpe
4.. For pu pose i,scussion, the nal s fron1th ter f F ure 1
are desi g at B K Bt Ees 15 Pratae” o pF i OEN S 35S oh@VRRRE
now to Fi e _ | h n g
Shgnal's f Jort 2 %v?e? EhehE Rend' toehel %é%?é%sél e B %3518953358
Fach of %%;pclqraanasCé@élk_yaéxv@eéab'&ne%hamg%{es A8 d s 2051 4R3) sFOURN BRg
with the'corresponding pin numbers-are shown. Other circuitry:
10 not illustrated is the refresh control circuitry 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 unique combin-
2&/ ation of CAS and FAS signals. For example, row lll receives CAS .
15 5, 7 and RAS 4, 5; similarly, row 112 receivee CAS 0 and RAS O,
|| 3. The generation of these CAS and RAS signals is described
“in conjunction with Figure 5. These signals (along with the
: 14—b1t address s;gnals) permit the selection of a s1ng1e 8-b1t
location in the 96K byte memory (for ertlnq) and also the sel- '
20

A

ection (for reading) of 16-bit locations.

The memory of Flgure 6 may be expanded to a 128K byte memory
by using 32K memory devices, such as Part No. 4132 In this
case, four rows of elght,:32K memory devices are used with

‘each row receiving two CAS and RAS signals.,
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j4-aia 2Hddreastsiapdl segmenteadlorofa tutaie mf y1920i bkecks6. l1Ikbidisher
Joritrol” signal to the nmultiplexers is devel oped through the AND gate 1

5,  four input lines to an output line. There are eight inputs to
| pl exers 116, 117 and 118 and the outputs of these nulti- plexers
ViJde the address signals for the menories (ARO through AR5). The

I pl exer 119 has four inputs on its pins 3, 4, 5 6 and provi.des a
ingle output on pin 7, the ARBladdress 20 "~ signal. (The signals
nly.) The [err] signal is applied to the pin 14 of each of the .
ldheplcepamsizatibon sogneheodiispilay iike bk, siphel dappllag]d to pin 2
et erm nes which of the four inputs is coupled to each of 25 t he
uidquitingfcdiea iml modésxetls. orfanijzead |irstgréd hor bz&AWali segments 23-
ignal for clocking the first 7 bits and second 7 bits of the multiple

hef rifhe counter s5§a0€f Biguriee ldiagi® aysed el paDSPL®) thei eddicediscat es
he conputer is in a display node and a cl ocking signal, specifically
MEanakshEer ghhae Pempry theag@esst dsfta Hionigpaleying @urdng nes wh
he address_signals fromthe CPU or the signals associated with the co
g tdtesy grpdeq . or ThegpeErBaters SI I lF P pth@en oindFaguEsi dnashat th

120, o ea-ect BUFEPIp P PRI A iAR ka3 eeds s 193°R;

segment is further divided into 8 segments (e.g. for displaying

Flzon

80 alph& numeric characters per line). This requires 3
additiqnal vertical timing signals shown as Vp, Vg and V¢

in Figures 4 and 7.

Ofteh'in the pripr art, two separate counters are used to

subply-the-timing/addreSS'signals for accessing a memory when

the data in the-memory is displayed. The count in one counter';
represents the horizontal lines of the screen (vertical cbunt)
and the other the position along each line, (horizontal or

dot count). 1In many prior art displays the.mést significant bit
of the dot counter is used to incrément the'line counter. - Data
in memory intended for.display is mapped with a.one-to—one
correlation to the counts in these éounters; In another prior
art system (implemented in the Appie-II computer sold by

Apple Computer, Inc.)_this one-to-one corfelation is not used.
Rather,'to conserve on_circuitry; a singlé-counfer is employed
and a more dispersed mapping is used ‘in the memory. (Note that

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

uppl i echdfoe NBediewingardghZzeols ,ma tganeneEr ﬂd@eﬁéﬁaﬁdin?| ?fpi Ng purp

i spl ay has_, not been sel ected, .and thus, the output of gate 123 _.is | ow
D(l‘&'é%/&a hg tal - _
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[err] and then A6. Likew se, each of the nultipl exe

' (except for those associated with excl usivefiR

and 125 which shall be discussed) If the display signal is®
put _is present fromthe gat e»d: then, by way of exanple, the

first causes the Hl srgna? and t hen the V1 signal to be

t ] %¥H§ |y I ESSROSHI to
Q:aﬁ': %1%% 70 g%gﬁéral 'Yea?gggkéﬁ to Qﬁ ﬁhteérzpa%dressgl?ﬁgs

p' { @éjﬁeéo&ﬁéekscﬁﬂne'i:d b@@ﬂ;ﬂw tﬁrc@é}aierté@rbydsheg
drgrtal nrbb es and for providing a digital sumsignal.

| i3l £F pelskee 6Par inNehe283) izontEl @tisthtdhe) casnycentms
pin 7) is grounded and no carry-outs occur since one of the
Nmbde & Pertidlednapgieg addehnsgiie is pirt dE ¢h@ipiosi gpel and
ing to [err] wi th t%e digital signal corresponding to [err]. The
Swotsicial idsl coolparduh@erbeamdinhgplogx @&t pifesdrty hmverddBons

d. The summi ng of these horizontal and vertical counter 5

dsedsHad Jprrov dee tdesopibedi $pedetd iBppifuyeen/ evheusagner in
The adder 121 is identical to adder 114 and is coupled to sum

| edkditchsiigni¥s chmplementedl sbalidt be WHitssussad tire conjneetdon with
with the signals VA, VBl and VCI. The sumis

the adder 114 of Flgure 4, For purposes of discussion, the
signals from the counter 58 of Figure 1 are designated as either

vertical (V) or horizontal (H).

Referring now to Figure 4, the selection of either the

counter signals on the address signals from the CPU is made by

‘the multiplexers 116, 117; 118 and 119. _Each of these com-

mercially available multiplexers (Part No. 153) couples one of
four input lines to an output line. There are eight inputs to

multiplexers 116, 117 and 118 and the outputs of these multi-

plexers provide the address.signals for the memories (ARO through%

AR5). The multiplexer 119 has four inputs on its pins 3, 4,
5, 6 end provides a sihgle output on pin 7, the'ARG.addrésé'
signal.

(The signals supplied to pins 11, 12 and 13 of

multiplexer 119'are for clamping purposes only.)

The AX signal is applied to the pin 14 of each of the
multiplexers. The signal on this line and the signal applied to
pin 2, determines which of the four inputs is coﬁpled'to'each of

the outputs of the multiplexers. The KX signal is a'RAM'timing
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ed to
ay nodes, the nultiplexer 120 couples ground signals or the page

dignal [err] to the 15" mul tiplexers 117, 118 and 119. (The P& si gt

S ifh T Ofo® NETOSk iAGPRhBY FAHSIOSE i tWlam®r §£66A8 YObike Bire Lo
nvention.) During the high resolution nodes when the display is not bd

C infd 1 t6ib 1d36ed VIV b VB2 adae e ¥B3 aprlliadd t0d ceddh 06 PUEHe pRLRBIaldeditddug
unm ng occurs within adder 121 and the VA, VB and 20 VC signal s aj

err] fromthe CPU are coupled to the nultiplexers 117; 118 and 119,

b semigle| yhe t ANDugatexdRisi vEHER igutwiss 12a, th2S, gahd 2@, thespecti vel
9] -~ The other input termnals to gates 124 and 125 receive the C3
pRlisplaial sigmil e (PEBELEY hwhiicipuindiczatesl thdt the gemputes rnscdinvegs f
err] signal..  (The develoggent of the [err] and C3 signals is illustrg
h &Hi spkay gngdahandateSlogkinm 5 ignh 2 6speovf iea kpprndMBGMFETIad on-
thin the megory. As the conputer and menory are presently inplementeg
hes kgnalent@lih. whThe PREPWY iIfuthrAiRgate B3 desprmyngse whatdas e

bt the same as the sequence in which the data is renoved_fron1nenq{y f
$heyaddress signals from the CPU or the signals associated wit

the counter 58 of Figure 1 are selected.

‘Assume for purposes of aiscussion 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 multiplexer 116 first
the address signal A and then Ag. Likewise, eacﬁ of the

multiplexers selects an address signal (except for . those'

associated with exclusive OR gatesa1247and 125 which shall be
discussed). If the display signalais high and an output is
'fresent from the_gate 123; then, by way of example, the AX -
signal first causes the'Hlasignal and than the vy signal to be-
connected to the ARl address line. Similarl&,_signals
corfésponding to the vertical and: horizontal count are coupled

to the other address lines during display modes.

The adder 114 is an ordinary digital adder for adding two
4-bit digital nibbles and for providing a digital sum signal.
A commarcially aﬁailableaadder (Part No. 283) is.employed.
_The carry?in terminal (pin 7) is grounded and no carry-outs occur

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

selected by the multiplexer 120 duriﬁg t he high resol ution display
and qiﬁo during scrolling as will be described. These sum signal $§ aswt
e multiplexers 11772348 and 119. During the | ow resol utiof
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These gatpgs provide conpensating addresses and, in effect, cause a
renappi ngj|so tHat the proper. sequence is nalntalned when data isr

the menory for theé_ display. These gates are shown to provide a con%EEEE)
di scl gsurg of the presently preferred eggpdlnent however, they are

crlthaI o the present invention. In ofration, the cirCU|try of Figure 4,
as “wenti ofjed, 5 selects the address signals which are applied to each of

t he nmenor ﬁh3|deg;tedtm@gnalnadﬁHESFundmngotntEg i H theddM%pMmﬁhnﬁhﬁls
selected.}} It should be noted that not all of the address bits fromthe CPU-
are coupl pddigitad signad ccnrespandinoued Y419. Vsen¥3of Vighes Shadgiesysltant
bits, as || be described in conjunction with Figure 5, are used to

devel op t jjesy@r seaaaéAsSaqumlﬁq &9 gehe snakbiphesexss| 446 (dildTeand Ylfhas
wthin th nennr¥ of Figure 6. The, scrolling operation which is used is _
sonmewhat unh%ﬁﬂﬁ Fﬁt?ﬁat é&ﬁhﬁqmﬂ§Q9 Q#mﬁ%ﬁ%%l%?rF§°§§BaréPQjVQHihﬁPluF°““ter
(lI'ine-by- A &nth one %Lﬁi of da1 nenDr %elng gad for, each frane.
Thi 8 tech || ﬁﬁ% BrdvitfedsEurt (ﬁ’ﬁﬁv ‘Fc‘a‘P?% FEREFRGd DePRINT &5 ol 1 ing
t he 'screefl one Ilnelggr franeeﬁfn be_achleved by novi ng 51 . - 26-
al | the dptBEFFLPHELNeRHSFUSRST 2 new position for each frame. This woul d
be very t|fme consum ng and inpractical. Wth the described technique; only

one-ei ghtyp of the data in the nenory
' - 'The adder 121 is 1dent1cal to adder 114 and is coupled to sum

the three least significant vertical counter bits from the counter
58 (Figure 2) with the signals VAI; VBl and VCl.. The sum is

10 selected by the;muitiplexer 120 during dhe high resolution display
modes and also during scroiling as will be described. These '
sum signals are coupled to the multiplexers 117, 118 and 119.

During the low resolution diSplay modes, the multipléxer 120

,:&J couples ground signals or fhe page 2 Signal (PG2) to the
15 multiplexers 117, 118 and 119. (The PGZ signal is used for

special mapping: purposes, not pertinent to the present invention.)
During the high resolution modes when the dlsplay is not beina’
scrolled, the VAl, VB2 and VB3 51gnals are at ground potential
and thus no summing occurs within adder 121 and the VA, VB and
20 VC signals are coupled directly to the multiplexers l17,-118_and--
e 119, | | |

- The address signals Alo’ Allf and A13 from the CPU are
. - 'coupled to the multiplexers 117, 118 and 119, respectlvely,
through exclusive OR'gates-124, 125, and 126, respectively.

25 _ . || The other input terminals to gates 124 and 125 receive the C3:'
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pved for each new frane. 5 Referring to the adder-121, a§ -
ioned, the signals VA, VB and [err] are the three |l east significant
i cal counter|€'ts fromthe counter 58. These bits or counts, -by wdy of
pxepl e, reprgsen he 8 horizontal |ines of each character. In.adder |12, a
-bit digital "signal,[err], VBR5and VCl, is added to the 10 count froka
founter 58. This 3-bit sigpal is constant during each frame, however,} it

s sigaadpewhdd & dhe REherwirPaietebiinggd £F itha Fateel26 gpeceivadded to
the_vertical cqunt. During a _second frane, 001 is_added; and during a third

{r ¥he, Ca16iohaddded Rl & V%%PPlBﬁn&d&F@%i“s:cﬁ"g# tG3 SISt 1St he 15
] f t 58, t dd t : d.in th

ot iust TReed LrOm IS ro- £ r Lhor FRRESuhed 000 PIRaME PLRELOFspl ay
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These gates provide compensating addresses:and, in effect, cause

et

U

f o s

a_remappingiso that thé.proper séquence‘isfmainﬁained when data
'is read from the memory for the display. These gates are shown
to provide a complete disclosure of the présently preferred.
embodiment, however, they are not critical to the present

invention.

In operation, the circuitry of Figure 4, as mentioned, . /-

' selects the address signals which are applied to each of the -

memory devices, either from the CPU or coun;er'if the display _
mode. is selected. It should be noted that not all of the address
bits from the CPU are;coupledlto the multiplexers 116 through 119.
Some of these address bits, as will be described in donjunction'
I with Figure 5, are ﬁséd to develop the various CAS and RAS signals

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

?he scrolling operation which is used is.somewhat unusual
in that each line of the display is separately moved up (line-by-
'line) with one line of data in memofy being moved for each ffame.
'This.teChnique provides.  a uniform, estheéicélly pleasing, scroll.

- Scrolling the screen one line per frame can be achieved by moving




ei ghth IiJ of characters. To prevent this, the data corres- ponding to"
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| i ne 'of each character is moved in menory for this frane. T
of - one character is noved up and becones the bottomline of
irectly above it. Wien 010-pg-added, the process is again
For exanple, the third line of each.character is first displayed

racier, space.a : |.i of .e c acter s _npye

i boreE iR Enctly HHRCRERERY, oY S06Y PopBbESh TEoky e gRE GrdRe -
Thiscwohkldtbhe darg. tillee comsanminig cindlaimpractioaly i With the
by the CPU in a well-known manner. Thus, through use of adder .
rMesenibedobechnighk,i ondiyt mineeeightiouw £ nove ndatal ihhéhdamamory
each frane. Rather, only 1/8th of the data is noved for each

r¥s movedy for Fegghendy tramsiorcuitry used to extend the
from-the CPUis illustrated. 1In general, the CAS signals are

y the ROMs 127 and 128. The [err] signals are generated by the
he multiplexer 130 allows the selection of either the bank '

i gnal sReférihiaguBoditel Bideactl Z0dres shagt dodedwhehebsilgnals vy
sccurs without direct commands fromthe CPU. The CAS ROM 127 !
v atdressarbethel khwiery 1apinl sigiPRAScaher vér t PRAS todntlY, bits
err|- All, Al3, Al4 , and Al5 As the PRAS[err], 3 and PRAS 1, 2

t hExr d\Stse goatnteei 5§ .us Gthesellieistes shgnabdentse hiygiwaghod example,
RAS signal is active. : . _ ' S
represent the 8 horizontal lines of each character. 1In adder

|

.

12, a 3-bit digital signal, VAl, VBl and VCl, is added to the |

count.from counter 58. This 3-bit signal is constant-duriﬁg l

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

During a.fifst frame, 000 is added to.ihe vertical count. 1
During a secohd frame, 001 is added;and during a third frame,

010 is added,and so on. By adding this digital signal to the

count from coﬁnter 58, the addresses to the memory are changed -

20

U 28

in the vertical sense. During the first frame when 000 is added,
£he display remains unaffected. - During the next frame, when 001
is added_tb'the vertical count, ihstead of first displaying the
first line of a.character,_the second line'of-each,character
is displayed at the top of each character‘Space.and each sub-.
sequent line of the charactereie'likewise moved up one line. If
dafa'ih.memory is not ﬁoved,.the first line of the character |
would appear-atethe bottom of each character. ‘Note when 001 is
added to 111 from the:pounter,.OOOIreSults. Thus, the firstﬂiiﬂe

of characters would be addressed when thée beam is scanning_the

-
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28 receives as address signals the ABK1l, ABK2, and ABK3 signals and a
HI RES, AY, IND, Alerr] 5 - The ROVB 127 and 128 are prograim

o inplement” the follow ng eque@7-ens. [err] Alerr] [err] (2) 10 [er
err] [err (3),£err] [err] (4) 15 ferr] [err] [err] [err]
({5pighthl line of characters. To prevent this, the data corres-

pohding to the first line'of eaeh character is moved in memory
for this frame. The first line”of eﬁe Characﬁef is moved up
and becomes the bottom line ef the eheracief directly above it.
When 010 is added, the process is again repeated. For example,
the third line of each character is first displayed in each
character séace and the second line of each character is moved
up to become the bottom liﬁe of the charactér directly above it;
This precess is repeeted'to'screll the data. The movement of

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

Thus, through use of adder:121, an even, continuous scroll
.is obtained without moving all the data in memory for each frame.

Rather, only 1/8th of the data is ¢oved fbr'each frame.

Referring now to Figure 5, the circuitry used.to extend the
addressing-from the CPU is illustfated. In general, the Eig
'signals are generated by the ROMs 127 and 128. Thee§K§ signals
are generated by the.RQM-l32; The multiplexe; 130 allows the
selection of either the bank switching signals, or the unique
indirect addressing mode when"bank switching"occurs without direCt

commands from the CPU.

PRAS ,¢3, PRAS 1,2, AY, DHIRES, R/W, A1y, A13, Ay4, and Ajq.
As the PRAS$), 3 and PRAS 1, 2 represent the RAS signals being
used. These signals are-high when the respeCtive RAS?signal .

is active.

The CAS ROM 127 receives as an address the following signalsﬁ

SO
hed

]

AS“previously nentioned, .the AY signal is high for display nmodes pnd- -
DHI RES signal is high for high resolution display nodes. The CAS ROM‘w

'_(.z



of pre- determ ned rows in the nmenory, based on the address signals AlOQ

[err] [err] [err] In effect, these ROVs are programmed to allow sel ection

~Al3, Al4 4
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fromthe

132.
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d Al5 (|gnor|ng for a monment ‘the contribution of the [err]
t he other signals appearing28a the equations). The out pgntﬁs3
127 and 128 are coupled to the register 131. Register lis

L4 N@ﬂ@&iﬂb&fﬁj fgh818heth! thePUMdiRyrlde LHAN JRILEE augF by modes

rng accessi ng of the menory the varl ous

%.rQi HHHOUSRTRES ' $iGh81CP8PhEGH EdN i H IsPfufi6N 8i6plly modes.

ction of the appropriate nmenory devices. The signal ELB from
PHE QI #OWi 3281 rdddivekealss addriays tdiyabsistios ﬁbhms.ABKhuSand
oupled to the nultiplexers 43a and 43b of Figure 3. During
ratBKm siditaDsll 4n@l £xe6 DBRORES, AW, tiND; K myw tcjth 59 ahgnaﬁ.
rough: BCKSW 4. These four S|gnals (or a]t atively tour signals
bus) provide four of the inputs.(address signals) to the ROM

ot her inputs to this ROM are the DH RES, Z PAGE, PA8, PAl5, RFSH

, and KhheiROMS s127 Tapdeld8deess miaqyradmmed| eot impbement3@heRAS
1,.2; RAS 4, 5 and RAS 6, 7 signals. The ROM
following equations. o

(1)

'PCASO = (PRASO, 3 - (DHIRES - AY + AY - (A15 < AId -
AT3 - AIT - R/WN + AI5 - AIZ - AI3 - R/WN + Al5 - AIZ -
Al3 + Al5 - - al4 - Al3 . AIT))) '

(2)

P;CASf = (DHIRES - AY + AY . (EBRT - ABKZ - ABK3 °* IND +
ABK1 ° ABK2 -~ ABK3) - (AI5 - Al4) + AY - IND . ABKI :
ABK2 -+ ABK3 -+ AlS - (AT4' " Al3 + Al4 - AT 3))

(3)

PCas3 = PRASO, '3 - (DHIRES - AY + AY - (AI5 - AIZ - AI3 -
All + Al5 - Al4 - AI3 ° ATIT + Al5 - Al4 * ALD)))

(4) .
PCAS4,6 = (AY'IND - ABK3 - AIS ° (ABKl® ABKZ *+ ABKl) ° ABK2)
. (KIT - Al3 + Al4 ° AI3) + AY - IND - ABK3 - (KBKZ -
ABKI °* Al5 + ABKZ - ABKl'+ ABK2 - ABKI - Al5) ° AIZ +
AY - TND - ABK1 * ABK2 - ABK3 - (AI5 ‘ AI4 - Al3 + al5
* A1 * EI3) + AY - IND - ABK3 - ABK2 ° (XI5 * ABKl + AlS5 -
ABKI): (AIZ - XI3 + al4 - EID)) |




* |

rogrammed to inplenent the follow ng four equations. _ _
r;$-5 [err] [err] 10 * [err] 15 Thus, the bank sw tching
Si ' éng"mﬁth the other iggut signals to ROM 132) sel ect
deternlned rows in menory in conjunction with the [err] signals. The
put . signals of the RONIlS%HQre coupl ed through the NAND gates 142, 14
1 and 145 to the. nmenory other.input . termnals of these gates
eive the RAS timing signal. In this manner, the output signdals of th

132 aP@ASSocRed-t HMUgtI_Nﬁle- gmﬁ--MQABhlougmﬂ mw de thetl[er
nal s S#Eﬁ@ ' R’ €S a3 42 [ D ort fe e t esently
cribed_co uter IS proé‘l‘ldedAb Aﬂe Cl rct |n t dotted
e 146.ABKBe” ANBBEZt ¢ ARKY e'ce‘ilés-!- meIts Anmt +t ABmZnal #BRhe DA7, A
[err]apspnal §14 IhgyNG?me. k1 eceiNges thF?g-rQ Ra&e and [err]

sijgnal . The out put of gate DrOVI es one_in the gate 148 and al
o?g -i npAl4d Th@YANDIg -" 'ﬁuﬁﬁﬁﬁ;ﬂn(@ﬁggatéBKl + Al5 -

ABKI) - (AIZ - A1_3 + Al4 - AI3))

In effect, these ROMs are programmed to allow selection of pre-
determined rows in the memory, based on the address Signals
Ao Ai3, A4 and'A15 (ignoring for a moment the contribution of

the RAS signals and the other signals appeafing in the equations).

- The outputs of the CAS ROMs 127 and 128 are coupled to the

register 131. Register 131 is a commercially available register

which permits the enabling of output“signalS'(Part No. 374).

i| During accessing of the'ﬁemory the various CAS signals (535_3

I through CAS 7) are coupled to the memory of Figure 6 to permlt
;:selectlon of the approprlate memory dev1ces. ' The signal USELB
g from CAS ROM 127 through register 131 selects elther the A bus-
i or B bus.. This signal is coupled to the multlplexers 43a and

43b of Figure-3.

During.normal_operation, the;multipléxer 130 selects the
- bank switchihg signals BCKSW 1 through BCKSW 4. 'These four
| signals (or alternatively four Sighals from the A buS) provide
four of the 1nputs (address 51gnals) to the ROM 132 The other
inputs to thls ROM are the DFIRES Z PAGE, PAS, PAlS, RFSH

(refresh), and AY signals, These.address signals select the -

Ci



148 .

153)»43 one of the two control

AND gates
The out put
output of
t he I ti-
for multi
No. 399,
the | ower

§ynchron|2

bank smntﬁhlng Si

57 To undey
146 it shquld be yesahBrl *thaBKR2he aBK3)Y -0ofayFi gure 6 provides a 16-bit
out put .
needed fof

&)

prOV|des anot her input signal to gate 150 and this signal. (I|ne
signals coupled. to the nultiplexe% 130.
150-and 151 al so receive a.SYNC | signal and the [err] 9% gnal .
of the gates 150 and 151 are coupled to a NOR gate 152 with the
he gate 152 (l'ine 154) coupled to the other control termnal of
RAEX D s 130. RKﬁelga?esRé§04rl§laz§lrﬁjRP§2 &f f Bcsigralst or Fhe BROMck
| exer/fregister 130 _(nultiplexer 130 is_a conmercial part, Part
|¥%?e$$éE¥99§FWmP§ kor dppdementy the | fadekqwinghfquy equa§ép§§p
our input lines to the nultiplexer 130. However, because of the
tion signal applled to gate 151 the nmultiplexer 130 selects the:

PRESTpeaor B e BRORER, durios GhekY  (RcPhge: caPRSe

st and

(6)

mentioned, during certain display nodes, 16-bits/nsec. are

di spl ay purposes. 5 I n nondi spl ay nodes only 8-bits are
required, yparticularly for interaction with the CPU. Mhen the menory is
addr éssed jby t he ERASHur 2ng Ble i (OHARES adRESHDI g ADdes (ABKIdat ABBA the A
bus is notj| ordin Us “@E@’the?§*§¥“ r own hi,n
dotted Ii#e 146, I'S otﬁgrmnsewggﬁbged 3 S + HpRIOWAKS AER%)
' _ + AY ° ABK3 (ARKT * ABK2 - ABK4 - (ZPAGE-PAB) *
PAl5 + ABKl ° ABK2 - (ABK4 - (ZPAGE-PAB) -+ PA 15)_ _('7)
PRAS4, 5 = RFSH - AY + AY-ABKZ - ABK3 -+ (ABKI - |
» 10 ABK4 - (ZPAGE - PAS) - PAl5 + ABKl - (ABK4 - (ZPAGE -  (8)
. PAS) - PAIS) | '
o PRAS6, 7 = RFSE - AY + AY ° ABK? . (AéKl" ABKZ °* ABK4 °
i , (ZPAGE - PAS)+ PALS + ABKI °* ABK2 * (ABK4 ° (ZPAGE -
o FAS) - PAIS) | 9
._15 Thus, the bank switching signals f(along with the other input

signals to ROM 132) select predetermined rows in memory in

-éonjunétion_with.the CAS signals.

The output signals of the ROM 132 are coupled through the

NAND gates 142, 143, 144 and 145 to the memory. The other .input
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put to use to provide the equival ent of the bank switching si gng
i1rn@¢5plexer 130. Whenever the CPU selects a predet ermi ned r.ange
ses, the multiplexer 130 selects the equival ent of the bank switcH
S fromthe A bus provi detBIon7 is hi gh. (This occurs when 15

oRehmihadlg &£ Schd Se Nggbekt rbeekiveC Red RN Ui iRy €5id881 . 15inand 552
lusi ng the nul tiplexer 130 to select the four bits fromthe A bus

he CPU is not to this speci al 20 address range, the nultiplexer 13

YN pul se drops, however, which is an indication that an OP code is bein
pt Fligairetsh® sirghal . on I|ne 154 rises in potential, causing the nultipl€g
L swi t’ch back to the bank switching signals. -33- Ef fectively, what
curs is that when the CPU selects this special address range, (and

ovided DA7 is high) the bits DAO through DA3 which are stored in-menor
use a PeTEFEAREaNhafeabur ehboatheeP¥ Svanh Ihlawar thedscemputers e en
rt of the menory. Wth the fetching of each OP code, the nagpln%pﬁe

emappi ng, mhlch occurs is controlled by the blts stored in the RAM
ety dHazeceIvRs, Akt htﬁhenp&hmﬁnvgm Sr nel¢ A7, Ay, and

Cy signals. The NOR gate 149 receives ‘the zero page and Als
signal. The output of gate 149 prbvides one input to the gate-
148 and also”dhe-input'to the AND gate 150. - The output of gaté_
148 provides another input signal to gate lSOland this sigﬁai'
(line 153) is one of the two control signals cou?led to the

multiplexer 130. The AND gates 150 and 151 also receive a SYNC

signal and the ¢y signal. The output of the gates 150 and 151.
' are coupled to a NOR.gate_152 with the output of the gate 152
(line 154) coupled to the other control terminal of the multi-

plexer 130._

The gates 150, 151 and 152leffectiver form a clock for

multiplexer/register 130 (multiplexer 130 is a commercial part,

selects the lower four iﬁput lines to the multiplexer 130.

the multiplexer 130 selects the bank switching signals each

time an OP code is fetched by the CPU.

dressing as zero page the address space -1800 through | FFF.) Once the

Part No. 399, which-effecti#ély is a registér/multiplexer). This.~ '

However, because of the synchroniiation signal applied to gate 151,.

1S mdfined: ,t fthe icu i ghghalar efhichle) ROMEVISR idré heldexéd r eheoaghe from =
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the ¢

g .
xer




stored in
W thaut rg
enhances t
Addi ti onal
1-anguages
porssf.ons o
two 64K nE
Getvween tHg
“signal s by
farticul arfl s
SUBSYSTEM |[r
and B bus
di spl ayi ng
raster scd
speci fica
a video bl
subsystem
tion signg

RAM toggling can occur between different portions of the menor
fui ri hg bank switching signals, or the like fromthe CPU7- This}
he CPU s perfornmance since CPU tine is not used for renmpping.

'y, it-provides an easy tool f arzgu ogrammi ng. For sone pﬁqgram
t is desirable to separate data and the progran1|nto separate
[ the a th n di d
lor e B oo FBEARE" THle® ol G JETBRY ElfcRf e ohodR a’e%&*%n
o] n 0 f Kk |
f%*l%%“e? SEp8"3 48 S00Und I SRS GLA TS LhREKERY bl
HOO! AR AGHEYEnea, 3

gat =]
sp a?pggggéggeﬁlzg-@?ﬁﬁﬁgl e 1 receives gata fron1tﬁbsﬁkéﬁgln

”Hhéﬁiﬁ?rﬁédége i@tﬁlkgfﬁééékﬁhfeEHE%&%&*%SP JR¥phgyy %ﬁ@p@@es.

al pha- nuneric characters or - other 1nmages on a standard

NNegl ﬁ@ﬁ@_ﬂsﬁlayymbaeg dlo?ﬂ'ya)B-bﬂi{H? S D Eyu $HE8Y ShaFt48ularly

y .generates on |ine {97, standard NTSC col or video signal and.
3Cf©ﬁniht\6téet¥bd691%hgltaﬂe @PU.J NVHES {1 ahémoBy - 1sTbaaréls%@da3by
i'n addition to other inputs, receives a synchroniza- 10
tm@dCBBV@ﬁﬁhnglehblﬁ@&&nﬁﬁﬂEhddﬂﬁﬁsﬁm$em@de9|ﬂhéldata on the
A bus is not ordinarily used. However, with the c1rcu1try shown
within the-dotted-line 146, this otherw1se "unused“ data is

put to use to prov1de the equlvalent of the bank switching signals

through multlplexer 130.

Whenever the CPU selects a predetermlned range of addresses,
the multiplexer 130 selects the equlvalent of the bank sw_tchlng_
51gnals from the A bus provided DA7 is hlgh.j(Thls occurs when -

'addressipg'as zero page:the'address-sﬁace -1800 through 1FFF.)

10
) . _4’".
@
Ao
15
.
2
20

‘Once the signal on 1ine'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 himing signalszare high)-.
Eveh:if'the next'reference from the CPU is not to this special'

address range, the.multiplexer 130 noneiheless remains latéhed.'
with the four bits ffom the.data bus. - Once-the SYN pulse

- drops, however, which is an indication that an OP code is being
fetched, the signal on line 154 rises in potential, causing

the multiplexer to switch back to the bank switching signals.




the standard col or reference signal of 3.579545MHz is shown as (3: 5M
\- this sgequency and four times this frequency are shown as C7. M pnde™
.respectively. Before describing the details of the dlsplay subsy;ten1
48,. a di scussion of =83rior art display systemw || be helpful{in
nder st andi ng the present display subsystem In U S. Patent No. 4,136} 359,
t video display systemis described which is inplemented in a connerciallyJ

aﬁp‘f?i*‘?m%“ byt 3% jégﬂoﬁd&g%eépu'%iec% Cuper ti po, -

l'i forni system words are shifted ip
s 'sel ésggﬁrfa?&%%éséegaﬁgsr (ahde P W Elsa KT L 1§NnE n%ﬁ?%ﬁbesﬁt@ th

4 |ft efine a wavef or m'havi ng conponents at 3.5M
S 'ﬁlﬁ:d&f'm'?» awiichi B2e298orass e n{é?@ér;{ hecghgét gl réﬁéﬁp@.ﬂ%l s
| aced in the shift register and circul ated a rate of 25 AMHz
henzasuld Anthé i ide¥bi ehoaghe CPARRYsHs Za MEFéSent §3§t %ttOWﬂ

il ne 206.  The phase relationship of this conponent to the 5MHz refe

i ¢hl nicfyl newi thetheol getehible ofeidarde welde, StneainappIhgs
el ationship is changed by changing the 4-bit word placed.in the shi ft

1%

Hz

bn
ence

=

-1000

eguticatatidssl Expretuensi ot hheaband- swafterieiroeds pghabs,

| Tmpbe tangiy,

s placed in the register and circul at ed,

t he resultant phase rel ati ong

in |i ne 208.

f thiee rerfageing , cepoheaccnesuliss cion treel ol dvy brbenbithi stergda

Wth this-prior art technique,

IS d
t'he | um nance .was

in the RAM (DA¢through DA3)

Thus, with the remapping 1nformat10n_

5hi p
fhown

stored in RAM toggllng can occur between dlfferent portlons of

the memory w1thout requlrlng bank sw1tch1ng 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

-eaéy tool for programming.

For some prngam lénguages it is desirable to separate data
and the program into separate portions of the memory. For

example, the 128K memory can be divided into two 64K memories,

one forlp:ogram and one for data.. Switching can occur between
‘these memory porfions.without the generaﬁioﬂ 6f bank éwitching
signals by the CPU with the-above described circuit. This

arrangement is pafticularly useful when using the Bascal p?ogram ,

language. o

o)

&



det er m ne

_ by the DC conponent of the signals such as shown on |ines 206 ﬁ7zgf
and:208. ' [[The di splay subsystem 48 of Figure 1 also uses 4-bit words to *
generate fhe various color signals in a manner somewhat sini- |ar tRQth §'
above-desdri bed system Referring to Figure 8, 4-bit words representati\ve
of .colors{|(16 possible colors) are coupled to the bus 180. (The generatio
of&#hese rds’ shall be described in detghl_in_conjunction with Figure 7.)
| nstead off| using a shift register which ci #cul ates the 4-bit word, the sane
gesult islflachieved by using a nultj 2oy AYpgddmEM sequentially sel ects
each of t i nes of the bus 180. EEE stgmar s o pus 180 al so provide a
lsunmi nance jsi gnal and a bl ack and white video signal with a gray scale._ The
4 lines off the b(he ghisplay ospbenstemmAp: i°§| Hisures nafgeives idaptaxfrom
al so receijves the C7’/Mand the [err] timnmng nals These two_tim ng
signal s cjuddedePwi and Bobys| #A sconVGEtSS he data s’é’tﬁ%n‘ﬁ%‘F‘Pysé‘éT‘ééFed
and coupl o l.ine 191. ‘ﬂéggt that the qrder .in which each of the |lines
of., t he bug ﬁ?@q LRLENT goﬁo@léﬁéﬁgénﬂIQ}HQqTQHmeq*ﬁa?Hﬂ??iﬁ%&§r°r
" operat es. tjo rialize the signal fr ‘g for
SakE of - efpIGHIRY ATAERE Phe? oPbPPARTE: BRSBTS E AR TR he tUBS ‘
indicated ' Yisplay. The display subsystem 48 specxflcally_generates on _
line 197, a standard NTSC color video signal and a video black f
and white video signal on line 198 (Figure 8). This_display '
subsystem, in addition to other inputs, receives a synchroniza-

« 10 tion'signai, and several clocking signals. :For sake of simpli-

. city, the standard color reference signal of 3.579545MEz
is shown as C3.5M. Twice this frequency and four times this
fréquéncy'are shown as C7 M and Cl4M, :espectively-

Before describing the details of the display subsystem
15 h'48, a discussion of a prior art display systém will be helpful

‘in undersﬁanding the present display subsystem., In U.S. Patent

* '!.No. 4 136 ,359, a video display system is descrlbed which 1s.-

1mp1emented in a commerc1ally avallable computer, Apple-II, sold -
- by Apple Computer, Inc., of Cupertlno, California. 1In this
;320 'system, 4-b1t digital words are_shlfted in parallel into a shift
| register. These words are then circulated in the Shift-registér
- at 14MHz to define a waveform:having components at 3.5MHz.
. Refer:ing to Figuréu9,'1ine 206, assume that the digital word
0001 is placed in the shift register and circulated at a rate of
25 14MHz. The resultaht signal which has alcompdnent of 3.5MHz is



’ The signal on line 191 wll then be 10001000 The out put of

Ry Ugh- exer 205 coupled to the input of the inverter 204 al $o receives
dequent 9 order,
oe For the exanple shown,

the signals 10

ter inversion,

this results i-3%Hhe signal

from bus 180, however
the input to inverter 204 is. 00100010 .

11011101

in a differ

on line 192.

fectively,

the signals on lines 191 and 192 are added by resistors 1
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nventi on, the signals on bus

ls@lef .Ned hpraiNéacen the khevaresen
80 are coupled to the base of transisto

19%e rensisda
Ihe | um nance

t@t ACigi gRal sigaAlr a9 OIS pldfed@niin- 8he regised. a

evel also determined by the signals on

-37- bus 180

@i igipdwld ed | abRestesul @antalpbiaganiddl 4 tiokSh 5! 6F9ahk, 3g6NEzat e
SC color signal on line 197 of inproved quality when conpared to the
| songseckrpt imesal tssyat ehe coleambrosses, thie signalsisnshosnldf. . are
i nary ones o . ) _
line 208. wWith this prior art. technique, the luminance was

determined by the DC component of the signals such as .shown on

lines 206 and 208.°

The display'subsystem'48 of'Figﬁre 1 élso uses 4-bit words
to generate the various color sigﬁais in a manner somewhat simi-
lar to the above-described system. -Reférring to Figufe g, 4-bit'
words representative of colorg (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
'usingla shift regiSterIWhich circulates the 4-bit word, the same -
result is achieved by using a multiplexer 205 which_Sequentiaily
selects each of the lines of the bus 180. The signals on bus 180
also provide a_lﬁminéncé sighél and'a bléck and white video signal

with a gray scale.

The 4 lines of the -bus 180 are coupied'to multiplexer
205; this multiplexer also receives the C7M and the.C3.SM_timing

signals. These two timing signals cause each of the four lines
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jary zeros. \Wen this occurs,

lehiadd tld londeghiredvisics edchhesfe thand ihese of gited sbudel@0risg

there is no AC conponent from
199 dand 200 (no color signal) and the resultant signal on li-ne
her. "bl ack" or "white". The lines of bus 180 are al sqg coupled
sistors to the base of a transistor-196. Each of t héesk resistors
ferent value to provide a "wahghting" to the binary signal. This
I's used for non-color displays to provide "gray" shades as

v ibey sedliarit Y11y tfe Datyel| aal 2otipllid o Thmdi IGLYy S{NoBeS
drive the transistor 196 to provide a video signal on |ine 198.

ure 7, data fromnenory is coupled fromthe A bus and B bus to
15elenteibBloeseapetchahge . These registers are clocked by the 1
ng signal and its conplenent, thus permtting the sequenti al
f 8-bi.t words every 0.5nmsec. As will be described, in sone.
des the data is transferred at the 2MHz rage, and in other
des, atlm 9fifiect atithe Theltéplekersoprsgatias 18D seriabige ctheo an
play bus 160. This display_ bus transfers data to registers 164
- PEF3lledd siignphobr e skedst 588 . meAsspmes Lormake phte¥Rl agat 4en
mory 162 are enabl ed during specific display nodes as_will be,
that the digital signals on bus 180 are 1000 as indicated in
Figure 8, The signal on line 191 will then be 10001000 ...
The output of the multiplexer 205 coupled to the input of the
inverter 204 also receives in a sequentiai order, the signals
frcm-bqs 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 192f
Effectively, the.signals on lines 191 and 192 are-added_hy
‘resistors 199 and 200. The resultant waveform is an AC signal
(no DC component) shown in Figure 9 on line 209. Thus, with
the described circuit, a chroma'signal is generated, having a
predetexmined phase relationship to the 3.5MHz color reference
signal.  This phase reIationship_which.iS varied by-dhanging'
the signals on bus 180 determines the color of the video

‘signal on line 197.

In the pridr art-diéplay*discussed abové, the DC component
of the color signal determines the luminance. In the present

invention, 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'luminénce level also determined by the signals on




'%

|

@ _

ccess nmenory whi ch stores patterns representative of ° .
-nunerlc characters. -Each time the conmputer is pomered up, ‘the

nory 162 during an initialization period. During character display m

heuld 180. SiWesé SihpaEkt ke drspisistvis 1199, aiEoRgdwethcthel dentifyin
articul ar -al pha-nuneric characters stored: mnthln the character nenory

h&VBH isinLD)Ngeheagaahs NISU lcdlvne\éigisdl ehstinaed97nogonj unctio
ith adder 121 of Figure 4) identify the particular line in each chara

lispraved dealbty whedi sphppedd thushe tdiesgessedt poioef atrite syisticnal
ignal s repre- sentative of each of the characters occurs in an ordina
nner. The 7-bit signal representative of each |line of each character
menory output) is coupled to the shift register 167. Through timng

62 is selected to allow the shift register 167 to receive either data
| ragctahl fhmﬁmezereas oWhenp khisprocgyrs. rther e cighapadCecompomant |
romthe menory -39- The 7-bits of |M0rmn|onfrmnemhernem

6 Xxsm rrégsns%@rqawarénéeﬂp& i(red apAathesignral) rapdstbe rEPUditARdr - at

MHz, rate or | te, pendi upan, t he dIS | ay node. The seriali z§
atsa"q%a]cd?.fbljé’d’%yl? é5185}t?’8th'g’1rﬁﬂktlﬁ?rex te" - o

The lines of bus 180 are also coupled:threugh reeistors
to the base of a tranSLStor 196. Each of these re51stors have
.a dlfferent value to. prov1de a "welghtlng“ to the blnary 51gnal
_Thls welghtlng is used for non-color dlsplays to per1de "gray"
shadee as opposed to having e display.withionly black end wbite.
The binary siénals onlbns-léo drive the'transister 196 to .
provide a video signal.on line 198. RGB is generated w1th
weighted sums of these. same five 51gnals.

Referring now to Figure 7, data from memory is coupled
frem thefA bus and E bus to registers 158 and.lSB, respectively;
These registers are clocked by the 1 MHz clecking signal end
ite=compiement, thus pernitting.the.sequential 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 '

dlsplay modes, at a lMHz rate.

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

bus 160. This display bus transfers data to registere 164 and

ter menory 162, in the presently preferred 5 enbbdinen._

haracter information is trarS7esred fromthe ROM 50 into the charactef

bdes,
160..

bt er

i gnal s Tiotsaevwasest hthet sdgnedisstasy st LI0+aee29ll binehyr ames mefory
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pfns\l angd 4. The inverse of this data is also coupled to nultipl exer 169/-
pin\3. - Liine 185 is al so coupled as one input to the nultiplé& r 166 and fto
the regi Sfler 170 (input 1). The output 1 of register 170 (line 186) is
coupled td the nmultiplexer 169, pin 1 to register 170 (input 2); and to

mul ti-" pl ¢ixer 166. Qutput 2 of register 170 (line 187) is coupled to input
3.§ijregi ter 170 and also to nultiplex538166. Qutput 3 of register .170 .
(line 187 ravides.a third iLnput to,the multipl 166.  Lnput 4 of e
cegister 70 Finaicaink SaeRBEssE  tho onTEmame i 1 oothe | FEBTESFES Lidoapd
4 of regigter,120 (line 190)pLovides 0 ontral signal.for th |tinplexer .
171. The ﬁﬁ%&"&éﬁ“i‘?‘i”%&gétgrSi ?ﬁgﬂigﬁe%ﬁ‘&ﬁ‘n 9i eesc%él%uélgggggrmgﬁgé as.
four line " 8 out put of rmultiplexer 171, bus 180, provides

the 4-bit S%Hg#%ﬂ%s%%ggggﬁFh conjunction with Figure 8. During one of the -
hi gh resoljution .di spl ay nodes (AH RES), the nultiplexer 171 is controlled

by a tim signal fromthe output of the gate 178. The multipl exer 166
sel ects -ei

mul ti pl exgr provides the signals for the bus 184.

di sgl ay

myl tiplexgr 171 receives the signals from bus

descripti
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her thendioRsrEtbYSnméRdry’ 189S 482 -th’eﬂ}:f‘rn@%klﬁi{?{:'%% fﬁf’ﬁgéiﬁﬁ%&

YVHicH hé'ﬁdréé!p%fﬁ-%\:la}.‘nst he

For purposes

@empBd indh€Xeis a réﬁdoﬁﬁﬁc%ék%chiﬁgﬁ?
rARes e 8V 6 0oEOR1 pHAPASRRTric characters.

Each time the
computer is powered up, the character information is transferred

from the ROM 50 into the character memory 162 during an

'initialiZatibn period, During character display modes, the

Signals from the display bus 160 are addresses, identifying
partiduiar alpha—ntméric characters stored within the character
memory 160. Thé vertical counter éigﬁals VA,‘V$, énd Ve
Kpfeviously'discuSsed'in'éonjgnction with adder 121 of Figure 4)
identify'the paftiéulér line'ih each character whiéh is to be
displayed. Thﬁé}'the generation of the digital signals reﬁre-
sentative of each of the characters occufs in an ordihary manner.
The 7-bit signél representativé of each 1line of'each character
(membry output) is coupled to the shift régister'167.  Througﬁ
fiming signals not shown, either the register 164 or the

character memory 162 is selected to  allow the shift register

167 to receive either data directlyjfromlthe-A bus or B bus,

or alpha-numeric character information from the memory 162.
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A shomel woorcall

| ai ning for sonme of the display nodes below a sinplifying 5
ti Qg has been nade. - The signals coupled to the bus 180 by
I | exer 171, for nost nodes,
ne 190. This serialized,signgé
ocking signals.. The nultipleXér 205 of Figure 8, which as descri bed

haxegbstenylef exenplesialfizdd: byl thel shkeftiregistegudlbilngidileniatary
hd zeros onto bus_180, the signal on 15 line 191 will be either
- 2efMHz rakeoorod 4MHizs raddi dependitngi ypan bhel ddspley wade be al |
nary zeros_or ones,and thus, no AC signal _is generated at the base of
F aPRe sseriabizedoakar isasoumled By i kbremtBbedo ther auldiplesar 69,
fference between the clocking of the nultiplexer 171 when conpared td

p Pins Laapdi Ag ofhendnyegisa OFf ridipudatolyadhe rempledeta

asuli .in a fii h const ant AGC si’ on the gate of transistar 195 evd
it Einfeler LBRar BAN i ndrp o> ofS BhSBLCOIBISAT FNETRE Ronst
b|ni§$aé§gpgggn§hon t he bu i§8'#Th“S’ this

€ tha?*ehf

d

_Sc ort *ARK G :5]5 'signal s ar

Pi Nng generated. instead, -41- as currently inplenented, two constar

bl ors are generated on- : . . | _
The output 1 of ;ggister l70_(1in¢ l8§) is coupled to the
multiplexer 169, pin 1; to registe; 170 (input 2); aﬁd'to multi-
plexer 166. Outpﬁt 2 of register 170 (ling 187) is coupled to
inpﬁt 3 of register 170 and also tq_multiplexer 166. Output 3 -
of register 170 (line 187) pro&ides a third input to the_

multiplexer 166. inpuﬁ 4 ofhfhe registe; 170 receiﬁes the output

of the multiplexer 169 (line 189). Outpﬁt_4.of_register 120

(1ine 190 )provides one control signal for the multiplexer 171.

The mﬁlﬁiplexer 171 éelécts éithér thé four lines of bus
183 or the four lines of bus 184. The output of multiplexer 171,
bus 180,-provides the 4-bit signal discussed in conjunction
with Figure 8. During one of the high resqlution display

modes (AEIRES), the multiplexer 171 is controlled by a timing.

signal from the output of the gate 178.

The multiplexer 166 selects either the lines of bus 181 or
bus 182, The output of this multiplexer provides the signals

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

are controlled by the serialized signgl
is in sychronization with the C7M or ¢14M

ove, does 10 the "spinning" for the parallel digital signal on R
BO,,opeTheeE-bﬁtsyoﬁrdnEnmmaniomtfrmmeeﬁtherpMemeryllfzIqrthe
escription above, and except when ot herwi se noted below, it is assumeg
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splay. Wiere a true black and white is desired, coloﬁﬁﬁ

. is introduced such as through the color burst signal. The
Figure 7, along with the circuit of Figure 8, provides the
for.several distinct display nodes. The first of these nodes
di splay consisting of 40 characters (or spaces) per horizontal
requires a data rate of 8-bi{s/ Mz or half the data rate t-he
capabl e of delivering. In this node., data is |oaded fromthe A
ey ysekerts 0bag [ ng} se®hperi syPicB s ithevgrulistplexerny7ihi s
s data addresses the character nenory 162, and along with the
MECHIVRS dele t HEgRPHEoFFPEt Bushddot er line (7-bits) to the

ter 167. During this node, registers 164 and 173 are disabl ed.

egister 167 for this node shifts the data at a data rate of 7MHz
S m h, allown fromgate 175 to control the
ter © PRERPS Sb‘?? éﬁ@ﬁSFP%éoéthPPé’&'s&'}dalar%ﬁ%nf%rlPWéP‘_’Z‘a'gs

ne 189, sy nce _nul ti Iexer selects pin 4., The data is

|"1¥‘r?2

X +%b?§t§?r1§9 EnPs digpl aYHﬂP@&ﬁ|%?1%Wnar§lgpéﬂéwlng
PR T e B B o 8 50 1

TQ; the

: ThlS serialized signal is in

;iﬁ,nggl.@gl;ggr%g D¥e, 184 PROKLIRRALYY U YFrea

serialized signal on line 190.
sychtonization with the C7M.or Cl4M clocking signals. The
.multlplexer 205 of Flgure 8, which as descrlbed above, does
the "spinning" for the parallel digital signal on bus 180,
operates in sychronlzat;on-w1th_the multiplexer 171. 1In the h
description above, and except when otherwise noted below, it

is assumed that, by way of example, if the multiplexer lfi is
coupling all bina:y ones andszexos onto bus 180, the signal on .

iine 191 will be either ones or zeros. Also for this.condition

'" the 51gnal on line 192 will be all blnary zeros or ones,and thus,

as actually 1mp1emented there is a "phase“ dlfference between
the clocklng of the multlplexer 171 when compared to the
sampling of the signals from bus 180 by the multlplexer 205..
.Th;s-results in a first constant AC signal on the gate_of
transistor 195 even when it appears that all binary ones are on
bus 180, and a second constant AC signal when all binary zeros |
are on the_bus iSC; Thus, in this specification; when it states

that "black” or "white® signals are being generated, instead,

no AC signal is generated at the base of tran51stor 195. However,.
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i'ne 190 provides either all binary ones or "al
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ijdentification (address for

42-- fou@E%inary zeros through bus 181. Thus, the serial binary si gha

di scussed,
i splay -wi th 40 characters per

the circuit of Figure 8 will
line 5

provi de a black and white
If the inverse. and

Il ashing timng means 172 is sefdcted, each-time the shift register 167

oaded, nultjplexer_ 169 shifts between

@ dwrEen by TABLEREBR i £ (GRS

haracters on a,whi t'e_backgroyn
na gatas Fsp1RE- o uBREs hy

' sequential .Q.5ferr] ,se erjods (this utilizes,th cycl.e

kR TPt e 8eidny L S Rb ERRRE FiEed 4 SohEhbehs Bk, Cotar KRR o
rgg;qgﬂqry 162 at a 14MHz rate. The serialized data at the 14MHz rate
hiTied 15 through the register 170 and again controls the nultipl g
71 as previously described. (Note that register 170 is always cl ocked
he 14MHz rate.) Flashing again can be obtained as previously discuss

N anot h@te ak PR MENBE #igheth a1l mp! Wt H0dRe ERScAPE of l@qgjsﬁré)und
(foregroungd

ach character may be in one color and the character itself (f
hdRear act

SR 381 8 $n e d'ii's%QaX !
is furnished on the bus to regi

OTHY FifsEUVENEHest hbles ProvEdey d ™ DspBay 0BohBaskIhgudF ww<w

)yins 3.and 4. This cayses the
M SHLATH) ALe HRBRCATER 9 bl
ring the 80

charadters-(or spaces) per horizonéal line. This requires a
data raté of 8-bits/MHz or half the data rate the memory ié
capable of delivering. ‘In this mode., data:is.ldaded frbm the
'A bus during evéry other O.Sﬁsec period. (B bus is not used
during this.mode.j This data addresSeé the”chéractef memory
andivc, .
appropriate chafacter line (7¥bits)_to the shift register 167.

162, and aiong with the signals Va, Vg provides the

‘During this mode, registers 164 and 173 are disabled. The shift
register 167 for ﬁhis mode shifts the data at a data rate of
7MHz-fno£e CHS0 is high, allbWiﬁg the 7MHz signal from gate 175
‘to control the shift register 167). Each 7-bit signal is shifted

serially onto line 185 and then to line 189 since multiplexer

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

‘onto line 190. The'sérial binarj signal on line 190'causes the -
.seiection.Of buses 183 or 184. | | |

The four lines of bus 183 during this mode are cbupled to
+V (register 173 is disabled); therefore the selection of bus

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

-

bi nary zeros to bus 180
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reground color) is furnished on the B bus as two 4-bit words t
I'n the manner previously described, the address fromregi st
the appropriate character fromnenory 162 and provides this

to.shift register 167. The.gmlor information fromthe B bgsis

to register 173. For purposes of explanation, assune that e

VA r t ro r s 18416
o T e sy B AP LS CURe, pufifRobiReY
& il HL0'HINi 96 €190 Brevidds @il N1 Vhekar $ObAES 02 7811S binary
e signals fromthe register override the binary ones and zeros
WekdAME Bud N 806 | Asegistubeed],74he Diraeit abf bF Dgiyesggnal
ive of the character itself on Iine 190, selects either the
fwidd piovifde fOrblaek chadavhéite Qdaiplay with o0 athdedcteps peg line
B background. The digital signals representative of these colors
grred to bus 180 anhd provide the color data to the circuit of
for bl ack and white displays, a "gray" scale is providedthrough
ng circuit associated with transistor 196 of Figure 8. Again,
exer 169 may, through the timng nmeans 172, alternate between
of |iref 18%e aimiversei andr §dashidingh tdinindaneanhel é2f dst seflected,
ng the foreground and background col ors. -
i ift register 167 is loaded, multiplexer 169

each time the sh
shifts between pins 3 and 4. This causes the characters to
change from white characters on a black background to black

characters on a white background, and so on.

: Dﬁring the 80 character per line display mode, the registers
158 and 159 are.each loaded during seguential 0.5y sec periods
(this utilizes the 2MHz cycle rate previously discussed). The
shift register 167 shifts the character data from memory 162 éﬁ

a 14MHz rate. The serialized data at the 14MHz rate is shifted

Jthrough the register 170 and again controls the multiplexer 171
as previously described. (Note: that register 170 is always
clocked at the 14MHz rate.) ' Flashing again can be obtained as

previously discussed.

In another aipha~numeriq cﬁa:acter-display moae, the.
background of each cﬂaracter may be.in oné pblér.and the
character itself (féreground) in another color. This mode
pfovides 40 characters per line. The character identification
(address.fo: RAM 162), is furhished on the A bus to register 159

at a frequency of 1MHz. The color information (background color
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During the high resolution graphics nodes, the character nenory
not used, but rather, data fromthe nenory directly provi des pattern
ormation for display. This- reqlﬂares nore mapping of data fromw thin
in megory since new data'is 5 required for each line of .the

splay. (Note that mhen characters are displayed, the character nenor
A LT PORP YRR PG TN A TRgH FE80I OF | BRenBaBSe Afe @I%fé‘i?m s
By g G, 1%%%@%%3?%;39%:@ k! 6
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g FodB: o;Qu glster
1’? ockgfld)Qél 8od 1§T\e'ﬂ E‘%Jrl ng té%?r{s]{&gnrﬁ :J%sg‘rzr%dég gg'f[égxsffre? e&gl spl ay
Feg

éE@Peﬁ7B”t0F69'bbfﬁﬂﬂéﬁfﬂf]éQbf%nﬁﬂfoﬁatSs%Bmé @Héﬂpﬁﬂé 20

ails serialized’on'line 185 and in the manner previously describ

?Eﬂ@tQH% dEIBf(ﬁéatfﬁrsﬁhécbh@RgQEuﬂd dHday ones an
hr dugh the multiplexer 171. Noté, as nentioned before

Slﬁ*f’%ak%ﬁut§“§ﬁty L

| binary zeros

lows epedt [ ¥romeregiedteamlond il multiplexer 166) and that 4-bits

representing the color blue for the foregrouhd are on bus 183,

(Note that when.regiSter 173 is eﬁabled,-the signals from the
register override the binary ones and zeros which otherﬁiée
appear. on the lines 6f bus 174.) The serial binary signal
rebresentativé of the character itself on line 190,*selécts

either the color blue from bus 183 for the:character.itself"or_the
color red from bus 184 for the background. The digital signals
-representatiﬁe of these colors are transfefred to bus 180 and.
provide theléolor data to the circuit of Figure 8. For black
and white.displays;'a “giay“ sééle-is pfovided through the
weighting circuit associated with transistor 196 of Figure'Sf“
Again, the multiplexer 169'may, thrbugh the timing means 172,
_alterhate between the signal of line 185 and its inverse, which

‘will have the effect of interchanging the.foréground and

background colors.
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suppr-ession is used, this wll not result in a 25
splay, but rather-a two-color display. If a 70
t -is present on. line 140 of the display bus, the inverse and
m ng neans 172 causes the multiplexer 169 to alternate bet@gen
P This switching occurs at a.lMHz rate and provides a phase

;ery other 7-bits of data co to the nultiplexer 171 on line
nerate
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AgnaaYn 152r Rog notsiiads Bi¥ Fot8er o dakd Abm Erdn et Aipfotly
groun colars for the 4 c?ggséég&.gsg L'“%%ﬂﬁiyﬁ)-more :
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agé é@gphﬁ&‘éﬁeﬁ e HAMW e P RoSy PE82CYebY iRy thHe |G Rirent
pck. Data i's shifted into the shift register 167 fromthe A bus
V8iynd13| eehhisR@ tHy ral b el idéd epesatns chagatidie ety olpwing

bl ack éf

these high'resolution modes, the register 164'islenab1ed and ;he
character memory 162:is disabled. _Thus, the data from the A bus
and B bus is shifted into the shift register 167. in thesé
modes, the "HRES" signé; to multiplexer 169 causes this multi-
plexer to'select.between pins 1 and 2; Pin 2 provides £he
signal diﬁectly froﬁ_the shif£ reéiéter 167 while the signél 6n
éin 1 is efféctively.the signal on line 185 delayed by ore
period of the C14M'sigﬁal. 'This delay occurs thrbugh the
régister 170 from input 2 to output 2 sincé register 170 is

clocked at Cl4M.

20

25

|

|| The data is serialized on line 185 and in the manner previously |

Dﬁring a fifst.graphics mode, data from the display bus 160

is loaded into shift register 167 at the rate of'7—bits/MHz.

Qescrib@d“fqr displaying charécters; controis the selection of
all binary onés and all binéry’zeros thfoﬁgh the mulfip1e;er 171;
Note,'as mentioned béforé, in'thé freéently preferred embodiment,
unless color suppression is ﬁséd; this wiii hot result in a

black and white display, but rather a two-color display. If a
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e Cl4M signal. Each data bit on line 185 is shifted first to line 186,
en to line 187 and finally to line 188. These lines are coupled-to they
| tiplexer 171 through nultiplexer 166 which selects bus 182 since AH RES
. hith  In effect, what -445-occurs is that 4-bit color words are
sfriali éh onto line 185 and then brought back into parallel on bus 182 \;f
CEe | pl exer | at.c [ 0R 8 Ver, es pf
G GhE Bretéhy B ddhng p ¢ SECHRL ORI RHT AL The v 1T
| 0, egul tant di. ' 40, by 2 |, OGKsy rein eagh
%Eé§6%%a%%f%éy§gkéﬁ§fm% §§%?%¢%Sc%%g?%etﬂgs?ﬁgkggﬁg?gﬁggé,_?%gically Lsed
t i+ UBREGEShORindANA drig S T UKl ki BRI ARG Doy Htela 167 from
éh5?§% a?ébqs at. thglpate 5# 14-bit$/k+t. +he éapa is serialized 10
[§75: ¢ rﬁaééSaaad?se%a@Iss d ?@@é eghipp br eébaﬂz_ althed a4 tasgor a |
Eros_throggh mul tipl exer 171. This provides the highest resolution
éﬂ&&éﬁbéugpééytsothbh&qiﬁ%?ﬂéxéﬁuE71aoﬁ1m;ﬁéompoperTuﬂd1ﬁeskmt§|sp!ay
1pablllty as been described. The conputer is fabricated fromconmrerciplly,
1 aint adhh eadditienals cendrp babmtesgdngbatiéd! oAathendikpllgsEqardvery
fmer ous exi sting prograns including many of those which operate on the
Jichdd Tebpuseof dayahe enpl oyed in the above-described conputer. In pur ,

}- pendi ng U. K. ‘Patent Application No. 8404660, divided-out-of the presgnt
plication there is described and .
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For the aboveedéscfibed graphics_médés when shift register

| 161 is shifting at a 7MHz.£ate} 8-bits may be coupled to the |

.bus 160 durin§ each period. Spegifiéally; as in the case of

the differing background.aﬁd'foreground colors for the 40
character pér lineﬁdisplay mOQe,.two-4-bit color wordélaré shifted
into fegigter'l73 at a réte'of 1MHz. .Thén, ﬁhe multiplexér 171

selects between two predetermined colors on buses 183 and 184. | s

Note these colors can be ¢hanged_at'a_lMHz rate.

In an additional color mode identified As'"AEIRES", multi-
i’plexer 171 operates under the control of gatés 176, 177 and'l78}
In'éfféct,'multiplexér.171 selécts bus.184 and latches the.
signals-dn thiS-bﬁs.every four Cyclés of the_él4M cléck. Daté

is shifted inio‘thé shift reQisté:'lG? frop the A bus and B bus'

«t

'every-o.SJSéé? fﬁéjfegiS£efllG?IOééfateé'ﬁhder-thé canitoi-of |
the.Cl4M signal. Each data bit oh.line.185 is_shifted.first o >
to line 186, then to line 187 and finally to line 188. These

lines are cbupled td ﬁhe multiplexér 171 fhrough multiplexe;'iﬁﬁ

which selects bus 182 since AHIRES is high; In efféét, what




20 clainmed a digitally controlled, raster scanned, video display for us é@_ _
wi tha m croconputer, which display provides color inmages in response to '
chrora signal s having predeterm ned phase relation- ships to a reference
signal,.of frequency (f) a circuit for géoviding a digitally controlled

chroma signal conprising: 25 digital it d generation neans for generat?qg

Teans for 1 epeat Ry bRy 4°FH BOLE) ST AR, S4B ito v 3R L "
quency o as {0 JOUGCHLARAN R, EXIPRIANISI Hn 3350 CHEAE it 101 exed 62
and converting. means,” coupl®ed 10 sai erra |zyng reans for_conve(rj__lnghrona
Clghal 15| gener dv aatiches MBIBIATR 4P ods 1k Syt oy (TR of Y CRee

i ncl udes a cent rgglgng’,06e8éW BE1 wbrd @%enéatéﬁ%%af.gﬂﬁi rRETHY thRAM) , an
address bus having a plurality of lines interconnecting said CPU and RAM

such that s& d God patdr eRwerebWitaht fisplay 98i WRAY BT cal shidoblueks .
i nf erconnecting said CPU and RAM said CPU for certain functions addressing
predet erm ned | mheteimeach block can be any one of 16 colors.

. In the last display mode, typically used with color
suppression, data is shifted into the shift register 167 from the
. display bus at the rate of 14-bits/MHz. The data is serialized
lb onto line 185 and controls the selection df either all binary
ones or all zeros through multiplexer 171. This provides the
highest resolption gfaphics display for the-systém.
Thus, a microcomputer with video display capability has beeﬁ

described. The computer is fabricated from commercially available -

15 parts and provides high utilization of these parts. Numerous

existing programs including many of those which 6perate on the
Apple~II computer, may be employed in the above-described computer.
In our co-pending U.K. Patent Application No. 8404660, -
. _ Idividedeout-of the present application there is described and
. | | 20 claimed a digitally controlled, raster Scanned, video display for .

use with a microcomputer, which display provides color images in
-resbonse to chroma signals having predetermined phase relation-.
ships to a reference signal of frequency (f), a circuit for
providing a digitally contrdlled chroma signal comprising:
25 digital word generation means for generating predetermined
digital words; serializing means coupled to said generation means
for repeating each word in a serial form ét a predetermined fre-

quency so as to provide freduency components at said frequency f3;



RAM with a predeterm ned range of address signals, an inprovenent ”~

CO | NQg: detecg%zn means for detecting said predeterm ned range -of v
addr & signalg, cbépled to O 1lOcertain detection lines of said address
bug gi ster means for inputting, Egring and outputting digital signals,

cbupléd to said data bus; and switc I'ng means for selecting between said

digital sig ' ' i d ISt BF : tain | knes of said /
addr ess bus%sd:lfﬂ;‘%gengg'ﬁgﬁféﬂgcr&rg%r@ g%u%fqla%@g?]dﬁ?gr aafhr? Tﬁes of said J
address bus ddaveftihgFApIRE NFrodl Saidf6EF1d19R1 A MBand 0! af AcdSigal; Sai d .
predeterm ned range of address signals on said certain detection |ines of

sai d addr essyHashy %abﬂde%!\bhfd?dangi?mnﬁs Genetdted.sai d digital signals stor ed o
in said register 20 neans to certain lines of the address bus when said
detection neans detect said predeterm-ned range of address signals on said
certain detection Iines of said address bus; whereby data for said certain
functions nornmally stored by said CPU in said predeterm ned | ocations nmay

be 25 stored el sewhere is said RAM thereby enhancing the perfornmance of .
said computer. 2. The i nprovenent defined by claiml wherein said" ¥
-48- detection neans detects all binary zeros on said

-}
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certain detection lines of said address .bus. 3 The i nmprovenent def i ndd

by ¢laim| wherein said swt ’ MMH i ses a nultiplexer controlle
by ™5 ' said detectioni neans - out put of said rgqister '
means. 4. The i nprovenent defirfed ™y Sclaim ! including a.rigd-only
menory coupled to said address bus and said data bus. 10 5. The

9

| Mprovenent defined by claim4 whereidg7sai d stored signals in said registérﬁ

nmeans provide a pointer for locations in said RAN during a direct nenory
access transfer. 6. The i nprovengLAIMEf i ned by claim5 wherein said 15
read-only menory in response to signals on said address bus provides
kNstructions totsai d CRU xaigihgl i computencriinhntingdudes £ Qeg¥zrl during
said direct nenory access tran ferh‘7. In a digital conputer which

@

i ncl udes "a cent mxoceesing s (EPY Eepdon-acqessdBRATRHT dty (RAM,
dd - bus havi first pluraljt d d lity,of Ii f
Coupl i ng sai d CAOIPER e Rawihe. o FARTALARY SIS0, shESHTRRREESRE SHey

251 n sai d Raw G SRR SoBRORERE tat's S SEPRIRR AT ol el 00

Foupl) 19, SO BCR AP 555, SAbSALRREERP A St dos " sa
_OUtpUtt' ng CPU for certain.functions_addressing predetermined locations
in said RAM with a predetermined range of address signals,
| an improvement comﬁrising: detectioﬁ means for  detecting
said-predetermined range of address signals, coupled to
10 certain detection_iines_of said address bus; register
‘means for inputting, storing and outputting digital .
signals, coupled to said data buss; and switching meaﬁs for
selecting between said digital -signais stored in said
register means and certaip lines of said a&dteés bﬁs, said -
15 switching means coupling.séid certain lines of said address
bus ﬁo said RAM when said detection means fail to detect |
s#id predetermined range of address signals on said certain
detection lines of said address bus, said switching
means coupling said'digital'signals-stéred in said register
o0 means to certain lines of the address bus when said
; : detection means detect sqid'predetermined range of address
o ':signalé on-said-certaiﬁzdetection lines of said address
bus; whereby data for said cexrtain functions normally
stored by said CPU in said predetermined locations may be
o5 stored elsewhere is. said RAM, theréby.enhancihg the

performance of saidzcomputer.

2. . The improvement defihed by claim 1 wherein said



9~ si gnal s, coupled to said data bus; wltmﬁﬂﬂeg—neans_cg__ged to sald
nd plurality of lines and said register @i’mﬂ sel ecting signals v

one of said second plurality of lines an ﬂ"tm,"aanls alnd 5 |
mul ti pl exi ng

-\ 0gi £ neans coupl ed' to sai-d. second pluraiity
egNs for causing said rrultl pl exi ng neans to sel ect 5| gnal s f'rom sai d

r8d¢ ster neans when said CPU coupleggsai d predet erni ned address on said \./

second plurality of | i nes; -whereby said signals fromsaid register 10 S :

nmeans provi dﬁe%éﬂd&ﬁhﬂe‘éﬁd“ﬁéd@&l&ﬂbmﬂ BAkb&osn Haidage associated wit h »

said certain operations. 8.: The inprovenment defined by claim7 wher ei n
sai d predet ecerteih albdeetion il sl ofcsaidl. gildmeabi bysof lines is all binary. e
seros. 15 9 The inprovenent defined by claim7 including a read-only

menory coupl &d t o SEhedl imgatovementydefived Hxi cdadn hushexedn saidhe
i mprovenent defined by cl'aim8 wherein said stored.signals in said register
nmeans provi devitping (-!19328 P@M’#j@@&t pomal tiplexen rombraldiedgb® direct nenory

access transfer 11. rovenen | b 0 erein said 7
r ead- onl \§ ne®gi¢ Wltﬁ%ts'lﬁ&ng‘e %qrgl’?& §°B{F 3’?‘6 é’dgl’&§fl V\Q
register means.
4. mhe--mprov}ement defined by olaim 1 including -
a read-only memory coupled to said address bus and said
data bus.
40 5.- The improvement defined by claim 4 wherein eaid.
stored signals ‘in said regieter-neans.provide-e pointer
for locations in said RAM during a direct memory access °
transfer. . | ) | _

6. The inprovement defined.by claim 5 wherein said "
15__read~eniyimemory in response. to signale on said address
bus provideefinefructionsito said CPU eaueing it to

incrementfaddrese.eignala-during-eaid-direct memory
access transfer. . |
7. : In a digital computer ‘which includes a central
éo_ processing unit (GPU) a random-access memory (RAM), an
address bus having a first plurality and a second
~ plurality of 1inee-£er-eouplin5 said CPU with said,RAK, z
. and a data bus intercenneeting;eaid'CPU and RAM,.eaid'GPU
for certain'opeﬁatione-addreeeing predetermined locations
25 in said RAM witﬁ addreee-eignale on said first pluxality _
of lines by coupling a predetermined address on said : e
second plurality of lines, an improvement comprisings

register means for- inputting, storing and outputting



bus '.'provi des instructions to said CPU causi ng—LLl_LZS I ncr ement addréﬁ,g,
signgl s during 'said direct nenory access transfer. \dml‘tal

conput er substantlally as hereinbefore descrlbg lﬂuﬂ to and as '\
il{ustrated in.the aeconpanyi ng draw ngs mm m Mﬂpml conput er
whi ch includes a single chip central processing uni t “(CBU) ¢ a~ random access

merory (RAM, an address bus i nt er conmédri- ng sai d. CPU and RAM 5 such that

sai d CPU addresses | ocations in said _RAM d-a us cou led to.said
GPU and RAM saigiguplss goupdedste ?%Mﬁ%@&gﬂg P&PBpage in

sai d RAN by pr.oviding_binary .zeros n cer n | s of s ddress bus; an

ig1provenent corrpﬁq"Q g ‘iéﬁeé?? B\ii‘l o"rég‘ Sgtﬁg s%}a sai'd binary

zeros on said certain Ilnes of,_saij Sg g i nput ting
PHET M= FOF; ¢ %a?a&%ga eSO sf{)? oid Q"rm

storing and out coup to sai d data

bus -for receivipg oggggiﬁdalgtgnekslﬂ 5l M@tggegau%ex%sa gt i pl exer

for selecting bet we I tal signals stor In said regi ster and

sai d certai ;L%'t: oEi@l meghdl &%%&G&Sw%msabdoﬁwlﬁlhﬂhﬁei Seilngesomsd ol | ed

by said det oncirculrt so as to select said register when said binary

zeros are det eCtg g0ps e sh éxBhgthBans Tor ehustng suddr gabtiplaxinger eby data
for said certain functions nornmally stored on page zero

means to select signals from said register means vhen said

X

CPU couples said predetermined address on sa.i‘d second
'.plurality- of lines; whereby said signals from said register 3
| 10 means provide alfernative. locations in said RAM for |
storage associated with said certain operations.
* | o 8. The improvement defined by claim 7 wherein said
| predetermined address on said second plurality of lines
is all binary zeros. .

N~ g5 9

The improvement defined by claim 7 including a-
read-only memory coupled to said eddress bus and. said
~data bus. | o |
_10. The improvement defined by claim;s-wherein-said
_storedﬁeignels.in said register means provide a pointer
20 for locations in said RAM during a:direct memory access
' tranofer. _ ~
11. The improvement defined. by claim 10 wherein said
r.read-only memory in response to signals on said addrese
'.bus provides instructions to said CPU causing it to
25 increment address signals during said direct memory access
transfer. | |

‘12, . A digital computer eubatantiaily as hereinbefore
described with reference to and as illu.strated in the



-of.q&i d RAM nmay be stored. elsewhere in said RAM and still easily .
essed by said CPU. 14. The inprovement defined by claim 13 whereing.
of said stored signals fromsaid register is coupled to said

i pl exer through an exclusive OR gate, .said “ ﬂ “ﬂﬁgpl ed to
one of said certain |ines of said address bus.. YHI“" ﬂ“mu m) nment
defined by claim 13 or 14 wherein seiQ+ CPU provi déstantalt erative stack :
signal and wherein said deteotion circuit also detects addresses for o
-51- page onescvompanyingdirswingas, and said nultipl exer selects said .

'regl ster if said page one addresses are detected and sai te atlve st ack
signal is in Bepredénepriigitalt gpuputey "’hi"?‘ni’é?]d'f 8 s&éﬁﬁl Pwhi ch .

i ncl udes a. Cﬁéléé@'ag gr9 roceSS| gg @@ § %&&%&mﬁﬁf&? nmenory

RAM) , d ai hat d CPU .
gdd?/)essgg ?oc | nsul n N I S 'é]a. regﬁ?\g&i asa;sgl CPU and
RAM said CP c 8Pt ﬁ$ % Fo%’é %’Efcf’%@gg %gspre eterm ne#ocat’i ons in
said RAN 0 oyl %atpsﬁﬁft&ﬂagg?swqo@w% 655 s3idNEkM, A kNPT Ovenent ;

conpri si ectron nmeans for ecting sal redeterm ned range of-

address si gnajgea %!éph&g_niéa W FafdEP ardURAM] oGl CPUNEEP Sodr@aihnput ti ng,
storing and outputting digital signals, coupled to said data bus, and; 5

functions addr_eseing. the zero page in said RAM by providing

binary zeros on certain lines of said address bus; an
‘improvement comprising: a detection circuit for detecting
10 said bina:y-zeres on seid.certain lines of said address-_.
buss a_regieter“for'inpﬁ&ting. stdrihgrand outputting . _‘
digital signals,.sgid'register coupled.tptseid'data bus for ' d"
receiving digitai signals from said data bus; and, a |
'multipleier-for selecting between said'digital signaislstofed
15 in said register and aaiddcertain lines of said address bus, \“’d
eaid multiplexer being controlled by said-detection circuit
so as to selecf said register when said binaiy zZeros are
defected-on’eaid certain lines of-said‘eddrees buss whereb&
-data for_said'certain:funetions-normally-stored’on’page zero
20  of eaid RAMg'may-be-etoied.eleewhere in said RAM, and still
easily addressed by said CPU.:
14.  The improvement defined by claim 13 vherein one of satd o
- stored eignals from said register is coupled to saiad:
mnltiplexer_throngh an exclusive OR gate, said gate being
25 coupled to one of said ceitain;lines of said address bus.
' 15.  The improvement defined by claim 13 or 14 wherein
said CPU provides an alternative stack -signal and

- wherein said‘ detection circuif also detects addresses for



15 “switching means for coupling m stored in said

reghster neans.’'to said address bus tecti on neans detects said
predet er ni ned range of said. addres ﬂ’@ wi t chi ng nmeans aﬂ‘éo .
coupli ng said gigital S|gnak$ storetl in sa er means to sai d address
. 20. bus when a certai.n direct nenor ‘access . (DN%) S|gnal Isin a
prqggtern1ned state; a read-only menorys{ROM coupled bet ween sai d addr ess
busTand said data bus, said RON in response to signals on said address bus
‘groviding inst rug,hgenéné QS 3afld Gidx¥zesSBULS, diid saia m«z@laeesaunmu to
increment 25 address signals when said.DVA signal is in said

predeternined st aagd degibtergisteaid pagiedome sldresnserafeodeltoctied ons in

said RAM when said DVA signal is in said predeterm ned state, and said

regi ster providi mgdRéadd alternative stddkesiendlyial invk @redeterninadstate.
functions are sel ected by said CPU, whereby data for said certain functions
normal |y stored B$.sai dicRUdigital cPOM@GQFe‘Fhﬁ%énPb%%M énsepdyabe stored
el.sewhere in said RAM thereby enhancing the performance 5 of said -
conmputer. 17 PYRECFHIND n ' fed2B ‘&T%WEG‘IWEI(NA? d®wi t chi ng

nmeans corrprl ses IE;!S q rBI \é\g‘IFCh s Bﬁﬁgﬁaiicg'ﬂragﬁsﬁﬁ sucgn%hav@en said

det ecti on neans
| said CPU addresses locations in said RAM and a data bus

interconnecting said GPU and HAM, said CPU for certain
functions addressing'predetezmine&l1ocations in said RAM
100 with a predeferminen'range of cddress-signals; an
improvement comprising: detection means for detecting said
predetermined range of address signals, coupled to said’
address bus; register means for inputting, storing and
. o E outputting digital signals, coupled to said data bus, and;
15 ._switching means for coupling said digital signals stored
-in said register means to said sddreas bus when said
dgtcction means detects said predetermined range of said
address signals, naid sﬁitching'megns also coupling said -
'-: digital signalsfatOred in said rcgister meann-to said address -
:20 bus. when a certain direct memory'access'(DMA)';ignal.is in a
predetermined stnte; ‘a nead-only_nemory (roM) couplec
‘between said.address bus and said data bus, said ROM in
'response to signals on said address bus providing instructions
to said CPU on said data bus to cause said CPU to increment
25 address signals when said,DMA signal is in said
- predetermined state; said register providing a pointer
'fon 1ocations in said RAM when said DMA signal is in said

- predetermined state, and said register providing RAM



.édeté731ned range of address signals, or when said DVA signal 10

10

Nsai d predeterm ned state.
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address sighals when said certain:functions are selected'by
said CPU;'whereby'data for said certain functions ncrmally
stored by’said CPU in said'gredetermined locations may be

stored elsewhere in said RAM, thersby enhancing the performance

‘of said comouter.

17. = The improvement defined by claim 16 wherein said switching

‘means comprises a multiplexer which selects said register means

when ‘said detection means detects all binary zeros on said
predetermined range of address signals, or when said OMA signal

is in said predetermined state.
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