1 I NPUT DEVI CE_HAVI:NG TOUCHPAD W TH DEFAULT TEMPLATE Field of the-lnvention =~

.The present invention relates generally to coordinate-type pointing
"devices for use with digital systems and, nore-specifically, to an input
devi ce having a, touchpad with an inscribed default: tenpl ate associ at ed
therewith, a retainer for renovably securing tenplate overlays to the pad
surface, and a pair of joysticks positioned one to each side of the

t ouchpad. Background of the Invention Video graphics conputer systens are
wel | known, popul ar consuf¥PUP MENICES HARING JTWe | JOUSIUCKS| AP udes.a dat a
processing unit that connect ¥OUGHBAD J¥RNth HEFAUBIVEMPIATE et for di spl ayi ng

i mges of a game or other application. The dat a proceSS| ng unit
receives controlling software fr n (ROVM that is usually
packaged in the formof a cartrlgg%fd'lcﬁfeiq-'cha%rlf-[

g]'e | s r enmovabl &pl ugged
into the data processi F§eunPresgpt| eaﬁYeIE#?é’fboﬂFﬂ atgsde@ederadtth 89 a

mouse, joystick, toecmhipmte-topehpoiveing saévidespabr arsd ivglth @uigitas al so
connected to the gﬁ@eﬂ OCRES! Q\grgn'%etc& %L,L&? th ooléye& {Dwa' ARV ce

positional information that 1s used e co re to execute
the application. BREIRAIA pPYRAs il |§“tﬁ§?‘é’a’r?“3ﬂ rfg%faa‘%l 1atft r al
processi ng uni & (&ﬂi}cmﬁéda!;henévait&d wokeatainertbmrenvedly Isecnenmgy

I ncluding all randpm ARGE SSyJmaRLY &R@\Qe ahuly boQt £dP 4k ds Ophyr MBEDIY

boot , atelevision (RF gg nal eneraxor ut / eut put
: EI/O) Erac\)/z:essor t8° Y?\ft’e‘ikfsaé’«?si'*é"‘?ﬂgé’ &8s ?.J‘c'ﬁ‘n?’r °fd§gﬁc€%“°rlpp ‘{I'hesg

devices are in circuit conmBadaxicund of the Thwmtigni shing
char acteristic of theserjgust gfiphicd NCohfifedl ysMunaeah@ardi1ar ma{,(;m
10 popular consumer products. A typical system includes a
data processing unit that connects to an ordinary
television set for displaying images of a game or other
application. The data processing unit receives
controlling software from a read only memory (ROM) that
_ 15 is usually packaged in the form of a cartridge. The
m ' cartridge is removably plugged into the data processing
unit. At least one pointing device, such as a mouse,
joystick, touchpad, touchscreen, switch pad, or light
gun, is also connected to the data processing .unit to
20 allow the player to input positional information that is
used by the controlling software to execute the
application.
The data processing unit typically has a single
central processing unit (CPU) and associated volatile
25 and non-volatile memory, including all random access
memory (RAM) and bootstrap read-only memory (boot ROM),
a television (RF video) signal generator, and an
input/output (I/0) processor to interface to the various
pointing devices. These devices are in ciréuit
30 - communication. One distinguishing characteristic of
these systems is the use of a motherboard or system
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2 planar to ‘electrically connect these conponents together. Joysti‘cks
are directional type pointing devices used to input directional data to -
‘conput er systens. Joysticks typically conprise a base and an el ongated
"stick," which is typically gripped by the hand of the -user. The "stick"
typically pivots froma point at the base and has a default position
perpendi cul ar to the base. Pivotal notions of the stick away fromthe
default perpendicular position are interpreted as a directional input
parallel to the brianam t ke dielectrirrliaedeconnert dittpisece caonpenesitisck
from the defaul togeemwandi cul ar position. Typically a button is |ocated

at the top portion of the stick. _C asure events_of the. sw tch, are used as
control inputs for appl‘.‘lpocyﬁsﬁlggg f?fgc%ﬁfﬁﬁtb?f‘? et%m?lé%g?st%%lcﬁuchpads

are coordi nat e typ8egoitet i inputedixectiopdlt datapitc cemmmiiteat esyshemsdata t o
conput er syst ess. géhet ik hopsh ¢S vy Ridhdirh ¥e 2 aPHRSSU RS QIS | d1diRyatednded
pl ane capabl e of dggfg]%i,ngm#i%%aliisz%d pLessure .at ehtg s&g ce o\éh%%ea user
touches the surface Wth a Titger, yfu P’éF?Pﬁe | Pke "€t e -t ouchpad
reports to the atBfthed T)stdrky arninaliy pdvets faons aopoine dtdAe on

t ouched. . ! nh rbagenand hhBea GRTAUlLEr popftien NPerpgdimilcunati @b, thle ?ny,h
associated with t ocat es pLea Q ons, of the
t ouchpad are assi Bﬁg “to %:g??%ln.?%jé?nponé?wk?éi n cgcr s%lgmgggﬁfherﬁlfser IS
nmade aware of 1fhaflefdntti SerPendicaratRepifiion axs LBERHRIeSLd 2®nd ate.
A tenplate is a sérecwidiala igpaphparsinislgtoatiie i Kadey AinChé Ydidetddnover
and in contact w }‘?e& tQHChﬁﬁgpﬂE ACHhe KN ARYSH da3IN &éﬂ,ﬁ] 1y
maps out regions of the touchpad surface and the regions are typically
| abel ed to provi dgeﬁp?%‘?ﬁ' position. Typically a button is located

at the top portion of the stick. Closure events of the
15 switch are used as control inputs for applications
executing on the computer systen. '
Touchpads are coordinate type pointing devices
used to input coordinate type data to computer systems.
s The touchpad is typically a pressure-sensitive bounded
o 20 plane capable of detecting localized pressure at its
surface. When a user. touches the surface with a finger,
stylus, or the 1like, the touchpad reports to the
attached computer system the coordinates of the location
touched. In response, the computer performs the
25 function, if any, associated with the location pressed.
Typically one or more regions of the touchpad are
assigned to certain functions within the system. The
user is made aware of what function is associated with
each region by a template. A template is a sheet with
30 a graphic design and is typically placed over and in
contact with the touchpad surface. The graphic design
typically maps out regions of the touchpad surface and
the regions are typically labeled to provide a reminder .
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3 to the user as to the functions associated with the various mapped

regi ons. Touchpad Systens typically either (1) have a permanent tenplate
inscribed in or on the touchpad surface and are incapable of accepting
tenpl ate overlays or (2) have no permanent inscribed tenplate but have the
means for accepting tenplate overlays. Therefore, each application using
the touchpad as an i nput device nust either use the permanent inscribed
tenpl ate exclusively or provide a tenplate overlay. Thus, typical systens
force software apedithei BaeHessgker £hiep fainckdpns| assochateds¥ibh ethaput
fromthe touchpadvaﬁmbugsmagpealﬁbgiuhspernanent tenpl ate) or design and

define one or nore custQm. fu A\ L%e Ingr é{r}%c‘#ﬁi‘ t e&a Qf;ultpdrvesogt war e
I ned on

appl i cation. Moreover, “Joy sﬂ [ cks are Wi tches .

Wi
and ot her cl osur ep?m?é‘elfﬁpu'@e%&ﬂt@esmsﬁﬁ}?ed o’y%t PEk LY BB ‘Fy b‘ﬁP‘P? not
used with othes i|sprfadicwnaesrd indapabldliofahecepisiy tempBrermverdayshe

| ivent i on Accor di 4g £ hGe M E3eThahtNENLER pod kdipditeiBitt Haves LRBOV ded

havi ng a touchpad and "a_pal r Joys | cks positione ope to each S|ge of
the touchpad. Themfw%tﬁ%kgcaﬁetﬁeg.ﬁqmgﬁeaet%"%maéﬁ t WoRHERITE 83§, an
adult and a chi |l dapphigativind@spogi thenxiuchpadt ast ant h@@brﬁﬁm@e W§Fem

si mul taneously anglﬂ%lﬁ‘ﬂ?l ﬂel?n%t iREEr DSdS LeampRatéei ekditsiseagnd. The
t ouchpad has an inscri de au t .t

errpl at e_graphj cal design.and t ai ner
.for renmovabl y%eftr PRGVithiet tempiatte °8$E}g3éys JFB UBe BT sﬁst%ﬁgng
touchpad i nst ead ﬁﬁr¢élesdfdl:wfaaalapnlacpltam designers| toledithar Tiwitidhgul t

i nseribed tenpl at sogéfbfe Sfipitls CAHBIPRGR UsstiRhaly (BRNYsiabt wAle the

appl'i cati ons. ThSeﬁ-ﬁa er?‘l:f eteon\llp rI a){ or design and define one or more

custom templates for use with that particular software
15 application.

Mcreover,. joysticks are typically combined only
with switches and other closure type input devices.
Thus, joysticks are typically not used with other inpu:t

S devices in a coordinated fashion. -

@& .20 Summary of the Invention

According to the present invention, an input
device is provided having a touchpad and a pair of
joysticks positioned one to each side of the touchpad.
- The joysticks are positioned to allow two people, e.d9.,
25 an adult and a child, to provide positional inputs to
the computer system simultaneously and in such a manner

that one person can aid the second.
The touchpad has an inscribed default template
graphical design and a retainer for removably securing
30 other template overlays to be used with the touchpad
instead of the default template graphical design. The
default inscribed template has a set of commands usable
by many software applications. The template overlays
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4 have command sets for one or nore specific software applications. It is-
therefore an advantage of the present invention to provide an input
~device configured to allowtwo - people to provide - positional |

i nformati on simnultaneously and to provide comand access in a conplete
package. It is therefore a further advantage of the present invention to
provi de software applications wiwth a common set of functions accessible
froma default tenplate graphical image while at the sane tinme giving

sof tware appl i cathaye gemmand tsettisfom paaplont aareersReFIL1FhSSETVARE ot her
advant ages of thspi1iyRsenk.i nvention will becone nore apparent froma

detail ed description ofItt hgsi.%%r%;%ggﬁ Bri ef, sREsELd Pt 2N et Q:&'e gwings In
t he acconpanyi ng draw ngs, WhIrch “are incorporated 1n” an
constitute a pailvenfion kpsprgyider araAnRit: dexiseRaRfiguredsto aidow

invention aresi|tustrapsshienhi €b, tpgevivs wigdsizigaakr al infeaameitibhon of
the invention g%%lg@ltaqg%\(x%ilgsa%gl ) ke ;])zd&h d egoﬁgﬂc{' Bkkgls 914N abel ow

serve to exanple rrncip hr's T'nvention. Figures 1A and 1B are
bl ock di agrans shswnge%@ag&ﬁgm | ayout of the system of the present

i nvention; Figure 1C i staisctissprifioreda afjnrttheshadivangtdadee ofetize Ipresenthe
video digital 1o 3ol GPRECHLRNIALS Bletal dGrpITbaEI s WAENM Qo
iIs a top.pla 0

i nvention; Figure n view the i nput éje [ of the gresent
i nventi on showi®ngSehe oo ltRISEdoRFt REgEFSHPLet dXFPatk, ?qv?élc"‘teé\/\ot Fcks,
and a tenpl ate overhplical image while at the same time giving software
applications access to custom template overlays.
These and other advantages of the present
invention will become more apparent from a detailed
15 description of the invention. .
Brief Description of the Drawings
.In the accompanying drawings, which are
incorporated in and constitute a part of this
e specification, embodiments of the invention are
L 20 illustrated, which, together with a general description
of the invention given above, and the detailed
description given below serve to example the principles
of this invention. .
Figures 1A and 1B are block diagrams showing the
25 general layout of the system of the present invention;
Figure 1C is a .schematic diagram showing the
details of the video digital to analog converter used in
the system of the present invention;
Figure 2A is a top plan view of the input device
30 of the present invention showing the touchpad with
default template, the two joysticks, and a template
overlay; '
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Figure 2B is a-top plan view of the input device of the present _
invention wth a _tenplate overlay inserted into the tenplate overlay
retainer; Figure 2C is an enlarged. fragmentary plan view of a portion of
the input device of the present invention shown in Figure 2B; Figure 2D is
a sectional view taken substantially along the plane designated by the |ine
2D-2D of Figure 2C, Figure 2E is a sectional view taken substantially along
the plane designated by the |ine 2E-2E of Figure 2C, Figure 2F is a
sectional view taken subB¥&Re 2B ysarohgPt piamp|wiew @fsithaaivenpydeviee i ne
2F- 2F of Figure 2ApfFi ghée piesenta LhaguEIdmr witAp | ajemplaveof ovdiayi ew of
the i nput device of; efa Jpav | i | A wth parts
broken away for cl éplg'?gtgél guregh%Hég%gﬁé%%}&ﬁpp?%%%eﬁs of different
enbodi nents of an edge Ofi1¥M%RF AS 2R \AHar@edhEFAIRENTIEY] BAAR| Y% 90N
patterns; Figure 2la ippraibnosf Hee\idiputndevicevopftliidioriespnt ievemtcionf t he
present invention: FEi.gure,2Md artial sectional viewtaken
substantial ly al ongsato%g gTair\lée eegi.zgr‘lat ed by the |line 2M 2M of Figure 2A
showi ng the details of tﬁ’éﬁ’%ﬁ@?@ &R s2 (RRsFionadh¥iew Jipkefe FHPECRR YA Y
present invention; adodgFthar plahe e ighatid dbygtisen sinenv2ng2b hef efpive cal
circuitry of the i Ut device of the present invention. Detailed
Description of the Preferred Enbodi nent Referri nﬂ to Fi %ures 1A and 1B, a
conput er systent®0 of thE*PIRK&EMt 15} FRTTPTAE ¥RBHnEakemaSubREE+H 1Y gur e
1A, the system 10 @dopgi $¢be plake dgmignetednhy uthd lihenwi2ER2B of Offigune
cartridge 14 renovall,y connected

Figure 2F is a sectional view taken substantially

along the plane designated by the line 2F-2F of Figure
15 2a;

Figure 2G is a fragmentary top plan view of the
view of the input device of the present invention shown
in Figure 2A with parts broken .away for clarity; _

Figures 2H-2K are bottom plan views of different

20 embodiments of an edge of a template overlay showing the

identification patterns;
Figure 2L is a front elevational view of the input
device of the present invention; )
Figure 2M is a partial sectional view taken
25 substantially along the plane designated by the line 2M-
2M of Figure 2A showing the details of the joysticks
used in the input device of the present invention; and
Figure 3 is a block diagram showing the electrical
circuitry of the input device of the present invention.
30 Detailed Description of the Preferred Embodiment
Referring to Figures 1A and 1B, a computer system
10 of the present invention is shown. As shown in
Figure 1A, .the system 10 comprises a data processing
unit 12 with a program cartridge 14 removably connected
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6 thereto. Also connected to the data processing unit 12 is a staridar""'
tel evision set (TV) 16, and an input device 18, which has a touchpad 19"
and two joysticks 20a, 20b. =~ The. input device 18 sends to the data
processing unit -12 coordi nate type data corresponding to the location of a
touch of a finger, stylus 21, or the like on the touchpad 19. |In addition,
the input device 18 sends to the data processing unit 12 directional type
data corresponding to novements of the joysticks 20a, 20b. Although not
shown in Figure 1Ahergtost dider gomiedied 4o b@erw@momsm Wiy 1@
speakers and a di Spl ay gdexhdard hed1S668BHS SetCOPONSi 1€, Vafao anl gﬂg{ut The

| nput device 18 c%%gggg_slgo Lpgcrgaﬁgsp o%gﬁéﬁ ui'gtar}@ *\./‘1% €°€ dat a

link 22. The TV connécfs a processing unit vi deo
line 24. The cart ”%8ge 2%-has Tae ctRputcafeviemnadt (ﬁendlsnd‘l‘%al"-é& g%f-}féral ly
at 26, which c@Enericsessing amvitr izignorannats Wyp%dabermyesbeﬁaingadd y

connecting devi ooy abBge 24 4 G0 %ohdn! e I5 A, skPEp8% 2, REOARS! NG

unit 12. The processing unit roses proceSS|n uni t
(CPU) 30, havi ndikesoTehns &%CQEaﬁs%%l Ireadditinn 'eﬁth input devi
audi o/ vi deo ( A1) sends rtad lthe/ @ procesSsiny und tsys idinentionyl 331pe/\,h| ch

I's connected to aﬁ{gT@glrrST%\%r%er}g q,#o%m@(‘tghgfwecgg ECLL& /20a,

coprocessor 32 fromthe_SY. I rst_and second. decoder %a‘fv (not
shown), an. 1/ G%of%cesd5Fhopoh MRF SheFRi 4R FLBHRdfor TREOREATREL &red a
28, the other not 1shean)be awgilacedarith acpair of38peakers cad a8 displam e the

audi 0 and vi deo SiqgiRaks, tREE 22ReptR M YolBos PPE AR 29gnailNceRedthtes are
connected in ci rc;%w&conngm cat |c%§ gs sho I N tge F%f%i”es I?e addi ti onal
circuitry 38 is s BEOFRPFNIE UidEalt YR the text
acconpanyi ng Fi gurseriBl data link 22. The TV 16 connects to the data .

15 processing unit 12 via an RF video line 24.

The cartridge 14 has an edge card connector,
indicated generally at 26, which connects to a cartridge
connector 28 thereby electrically connecting devices in

the cartridge 14 to devices in the data processing unit
20 12. .

. The précessing unit 12 comprises a central
processing unit (CPU) 30, having a SYSTEM bus* 31
associated therewith, an audio /video (A/V)
controller/coprocessor 32, a system memory 33, which is

25 connected to a SYSTEM’ bus 34 generated by the A/V
controller/ coprocessor 32 from the SYSTEM bus 31, first
and second decoder chips (not shown), an .I/0O coprocessor
36, two cartridge connectors (one indicated at 28, the
other not shown), additional circuitry 38 required to

30 generate the audio and video signals, and an expansion
connector 39. These devices are connected in circuit
communication as shown in the Figures. The additional
circuitry 38 is shown in Figure 1B and discussed in more
detail in the text accompanying Figure 1B.
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The CPU 30 generates nmultiple buses: a DATA bus, an ADDRESS bus, and ‘a #% < -

CONTRCL bus; as are_well known in the art. These three buses are
collectively referred to as the SYSTEM bus 31. 'In the preferred
enbodinment, the CPU 30 is an 80376, manufactured by Intel Corp., 3065
Bowers Ave., Santa Clara, California, 95051. The 80376 is a variation of
the well known 80386SX, which is well known in the art and al so avail abl e
fromlntel Corp. The 80376 differs fromthe 80386SX in that the 80376 :
starts up in 32-bit nodehe cR Ber géharatds Riultiple. bldpasi f acoATy bddle CRO

register is force 0 I.mal _not Wth bit
0 forced to a Iog%gaﬁbggﬁgytﬁs( tglil‘ée 6}?%1%‘1 tRe %%651% é’%g%‘eiéﬁér? 30-bit
nmenory node. heyarE. é"ﬁ&ﬁﬁe‘éf“f?? MEB ‘VT? F&&FeSBB"%‘pfeFéfﬁﬁﬁe‘iT% AV
controller/copr ocwmheBQngemaBesu hrae theapee ferrsdlempodpnert | /fhedecoder -

ines (CPIOL GP! Gy 30 :GPLBhobram Lhan AEUDYS Hheotoebrpr 0 g0 2

32- bit I/0O address range. The, gener al %ur ders can -use

provi de three act RP¥eFSW ¥Rt p | iax 158%’“%?({ eft-to Pﬁe %V
control |l er/ coprocdsser v@2iativn lof theawellodeewnngoisdsx,l¥hitheigeartlal

e T
remaining circuit lé‘%gﬁﬁﬁt ?B?Fen‘ﬁob?%%@go’rn Sg"ffs %ﬂ%cﬁ%%.’e%

bel ow. The sysl%mﬁ’b@#@ﬁym tonpRrirbét wedeen Htkiersyiheam FAfitamodmot st rap
ROM (al I not show@pecﬁmeapnypoan@l erRbeeRy Bé%ﬁngssxf%&eea%w ES domgabyte

2];3 glztbln;[anoDrR?Mchlsgéotoq'ﬁwlanuf ac¥a‘$ Wp%yg‘ﬁgtag)cf% letlé:gSBbJé {; €¥ (gy -
32-bit nenory. AYsoeat ledieal (ONE,agffectivwpar making h@lq:m%ep#sa'é%cwed to
a nunber of eight-abi 82+t ShehéryV Wbaa8. t hepdfMg 0ns I @nla®léd C @Yy OFEESOT 32.
15 wvirtual 386 operation. .
The A/V controller/coprocessor 32 generates three
spare general purpose I/0 decoder lines (GPIO1l, GPIO2,
and GPIO3) from the SYSTEM bus 31, each providing a 32- .
— bit I/0 address range. The general purpose decoders can
oo . 20 be used to prov1de three active low chip enables to
devices external to the. A/V controller/coprocessor 32.
In the data processing unit 12, the general purpose
decoders are used to decode address ranges to the I/O
coprocessor 36 (GPIOl) and the two cartridge connectors
25 (GPTO02 and GPIO3). The remaining circuitry of the A/V
controiler/coprocessor 32 is discussed below.
The system memory 33 comprises screen RAM, systenm
RaM, and bootstrap ROM (all not shown). The on-board
screen RAM and system RAM is 1 megabyte of 32-bit DRAM.
30 Suitable DRAM are a pair of TCS14170BJ 256 kilobyte by
16-bit memory chips, manufactured by Toshiba, configured
to provide a 32-bit memory. A portion of the address
space of the CPU 30 is decoded to a number of eight-bit
registers within the A/V controller/ coprocessor 32..

BC9-93-100 (21322-00186) 7

~ This Sheet

//:l/l///ﬂl/////ﬂi/“fli?““’



| 8 All. |nternal

| ocations are on even address boundari es;
reads and writes can be performed where appropriate..

-enbodi nent, the byte- wide wites cannot be perforned on wor d-w de
regi sters -and |/ O cycl es .cannot be used to access odd addresses. The

bootstrap ROMis always 16 bits w de.

27C512. erasabl e programuabl e read-only menori es, manuf act ur ed

numer ous manuf act urers,

and internal

therefore, the SYSTEMWe rites] cahsotnbel pextbimed on SYSIFKide megisgers
(conprising a DABA aﬁws:/oa&yADDBE&nwaoe rdaatSQERs oaasad&ésgéa

shown) by the A/V contro rh r cess S meno 33 |s
accessed via the SYSTEM lrbg b%%% %pl 5r3-¢{8§¥%r g bf‘% Yites {rﬁg
30 to nunmerous i npub®

devices such as
nouse (not shown),

the 1/0O coprocess

A2, respectively,

15

20

25

30

AHeifira@sROY mpﬁseﬁetwm ﬁapsaé\ﬁny@absemmhéia
Pea®@yomy’ d  fdrisQWn) , nGRiFaceluteds (Bot ShRierous

gggi% Rk er Q.o hown ferred e | ment,
or |sg§:a preprogra r?r?’t)‘!& ﬁ/[%g%? Cg’ (’ﬁer’éﬁ%ﬁ

"68HC705"), mandPacfetiRYViRng Roreser a thn pner negrbitewindpyLrom ¥F20090K705
|/ O coprocessor 36 ts IFRRAFFHCedohtaihing PHORO &ya CGiftiegtial NGndutay68HET05

as a peripheral devi t hgggg Q %} e DATA

bus; (2) PB7, PBL, aﬁ%eaPédlgre C ﬁﬁ%%'?tré% &%ﬁ%@fé SQ% za%"bess range
decoded by the A/V contr JBPeFYStem r“l?@€§§o?33’-zs s&?ﬂ@s‘?ﬂ’?"ﬁ@& parEer af and
oflevimesCONT Rbe bAIﬁV aroniPbRESS dopriocessor 32 is the

arbitrator for the system memory 33; therefore, the
SYSTEM bus 31 is modified to a SYSTEM’ bus 34
(comprising a DATA’ bus, an ADDRESS’ bus, and a CONTROL’

bus, all not shown) by the A/V controller/coprocessor -

32. Thus, the system memory 33 is accessed via the
SYSTEM’ bus 34. '

The I/0O coprocessor 36 interfaces the CPU 30 to-

numerous input devices, such as the input device 18 and
optional devices such as a keyboard (not shown),
controllers - (not shown), a mouse (not shown), and a

"printer (not shown). In the preferred embodiment, the

I/0 coprocessor 36 is a preprogrammed MC68HC705C8
(hereinafter "68HC705"), manufactured by Motorola Corp,

running at 2 MHz. The 68HC705 I/O .coprocessor 36 is

interfaced to the CPU 30 by configuring the 68HC705 as
a peripheral device: (1) PAO-PA7 are connected to D0O-D7
of the DATA bus; (2) PB7, PBl, and PB2 are connected to
GPIO1 (a 32-byte address range decoded by the A/V
controller/ coprocessor 32, as described below), Al, and
A2, respectively, of the CONTROL bus and ADDRESS bus;

BCI-93-100 (21322-00186) 8
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The bootstrap ROM conprises two

t hereby giving 128K of bootstrap RON. Follow ng a
reset, the one negadlk eintientew flocat N9 04te tan el%léEFEEatess)mcajndiamgeRQ\/l

e NMOgyrd-iwi dle R?@t %aﬁgr QuahQuteibecdd He

Th t 33 bet e
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and (3) PB3, PB4, and PB5 are connected to ADS, READY, and WR,
respectively, of the CONTROL bus. The I/O coprocessor 36 is
decoded by t he AV control | er/coprocessor to have four 16-bit

"~ addresses in |/ O space (referred to herein as ASO, AS2, AS4, and AS6). The
program inside the 68HC705 interfaces to the CPU 30 as follows. The
68HC705 is designed to attach directly to the processor bus and act as an
|/ O port to the CPU 30. A pair of internal |atches holds data passing

between each of t hdpagess9] SPRY)! idnd BBSOLRE! chindSRl thOADST CRIADY ! -
Status bits:.to e q,‘la slse%gg@%%a%e th&on?a §BL°fnut he d&taalt/aé ches. .

Each.can tell if t evi ous béén Tea I'f -any new dat’a i s
waiting to be read=°(§’f°€ﬁ§ERan t¥He stdiSus bPesedefe | Y copFbBRessd/ V36
i npl enents, inter auntapllée/ddprodesgrf toGidvanTour(ig-witSadaBesse®rin (2) a

serial controllgr g Hofle, RERLRG SOTRLGIAL ) RACKSAS | R N P!

devices, (3) a cartrl [ expansi on sense determ di ng t'he presence or
absence of a cart®3$ e 14 in each cartridge connector and the presence or
absence of an expansi onThiepreram Ghsddevehei a8iidEoE iptesfaces ormetieor, (4)

a systemreset, ar&i:u(%)o a8 Efs&ilmélonvehét aéﬁcﬁ‘wslg\'\é%% 8L €51 3c€acn The

|/ O coprocessor 36 _also._i nﬁ?ements an optiona ct d| sk control

serial line to al Idd\ﬁeé‘b'ﬁrﬁu s Bﬁgcﬁfﬁﬂra‘ﬂ‘%ﬁqdoﬁ&f: Tbad’e\azl/eep°ﬁet°50 ns
timer is inpleb@entde WP gua eaitheofiatioheonal | hetcleds tHELBBHBNGS |/ O

coprocessor 36 to ;ﬁ?&l&hh@ ﬁ&t&é‘&ll'é%rcrﬁ%f'%@ 5@89@&'56&1 Rn¥ah Sthe EoGHks | B
t he wat chdog ti ner, 51%' r.es / O copracessor t he CPU 30

usi ng anal og i nt errupE2gY i?cfe'fﬁ“f%é‘t' Watuﬁoth%Itf%FFggpPﬁﬁﬁﬁi%qr 32
(thee AV cont roli!@tlpet;sr thesconditian rahtthe at@PUatcheshe ERD [¢are in

response to the |/£3190R%0€RE ShFrePiddd Hatdl Has been read and if any new

15 data is waiting to be read by checking the status bits.

The I/0 coprocessor 36 implements, inter alia, the

following. functions: (1) a 50 ms timer, (2) a serial

controller link for receiving communication packets from

m the input devices, (3) a cartridge/expansion sense, for

20 determining the presence or absence of a cartridge 14 in

each cartridge connector and the presence or absence of

an expansion device or CD drive in the expansion

connector, (4) a system reset, and (5) an I’C nonvolatile

RAM (NVRAM) interface. The IXI/O0 coprocessor 36 also

25 implements an optional DSA compact disk control serial
line to allow -communications with an optional CD device. -

The 50 ms timer is implemented by configuring the

watchdog timer of the 68HC705 I/0 coprocéssor 36 to

expire at regular 50 millisecond intervals. Each time

30 the watchdog timer expires, the I/O coprocessor 36

interrupts the CPU 30 using analog interrupt 0 (AIO) of

the A/V controller/coprocessor 32  (the A/V
controller/coprocessor interrupts the CPU via the IRQ .
line in response to the I/O coprocessor pulling AIO )
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10 low). The CPU enabl es and disables the 50 nms tiner by witing either
the byte OFOH or the byte ©OOH respectively, to the 1/0 port ASO
The timer defaults to being enabled. During the interrupt acknow edge cycle
of the CPU, the A/V controller/ coprocessor asserts the address of the
interrupt handling routine. The interrupt handling routine causes the CPU
30 to read one or nore bytes framthe 16-bit 1/0O port ASO which
corresponds to the I/ O coprocessor. During each read of 1/0O port ASO, the
?/hV ant f|0: ler/ CQB&PCetS@&E %9312 egb91e§e£&ﬁt§isatﬂ1§3 th® SO [ AR byo,
ereby allow ng a a_transfer between e n e C cessor
36. The I/0O coprocggg%%n%G Wﬂeral \%/g'fs ﬁ’ %8 o%ge) yt%gt gtr%é; tériét%sftcab?{ngd to
the CPU in respons&esBeshivaly ni-oi fher E{PtRortTiSo.ondhentbpge dgLalits pyt e
contai ns the nunberoobetnpidrivieas of the 50 ns tine since-the |ast

. Jumber . S Lo
nuerrupt acknou edge oysle AnEal N iRRGE:LOBLS okl b8 £RDGIS ¢t he

nunber of 1/0O device nessages to be tran t fthe 50 ns

timer is disabled, theeft/Yheonvdileni/bErerefessns afFeEti Fhe RAdRass of ¢

nore than 15 nessaghe bAveriigan haadzingkoutiae.15The istefrrupt tlendipper

ni bbl e and any renmgiQik %;&%e r t v JULd 30 ohBEoP Gatdrel HRESE EF

Dependi ng on the g?ﬁplg%gg of t ighéfclﬁarlg'?% :E%‘;% tohe %JPU m'e h rezfgm

subsequent bytes f /o AREPEF CEQ PO AR 3B ichn CORTEFPPNAS o (e &

part, be packet®o ofcopabaessarn i Mpurtingesacteseadlpfi T Iportt R8O} nihe A/ i ces

\II<VI Il only send rr;asmg%y_\@gp/ ]E hgbf,r(g@gg)_ﬁﬁi [ v:?az stggl,_es sgliaatgg, tt_k\greiz%/o g

eepi ng nessage transm ssion frequency ve OW. e. i npu evi ce an

al | other input de\ﬁ°€§§cﬁ?§°’63ﬁﬁeg¥%ﬁg’?% aﬁ'ﬁ@“?‘?@%@ﬁ?ﬁ%ﬁ%ﬁﬁ?‘é‘aﬁ%e

serial data |ink 2Zhe TRU Bdidind dhal I/Apoepmimesses B6:g., the input device

18) transformthe novermege Pfo IdiproeBLESE 36 will always have one byte

15 to be transferred to the CPU in response to the 50 ms
interrupt. The lower nibble of this byte contains the
number of expirations of the 50 ms time since the last
interrupt acknowledge cycle and the upper nibble of this
byte contains the number of I/0 device messages to be

20 transferred to the CPU. If the 50 ms timer is disabled,
then the lower nibble of this byte will be zero. If
more than 15 messages have been received, then 15 is

sent in the upper nibble and any remaining messages are

sent during the next transfer. Depending on the
25 contents of this first byte, -the CPU might read

subsequent bytes from the I/O coprocessor 36, which

will, for the most part, be packets of data from input

devices. Typically, the input devices will only send

messages when their respective states change, thereby
30 keeping message transmission frequency very low.

The input device 18 and all other input devices
are connected to the I/0 coprocessbr 36 via the serial
data link 22. The individual input devices (e.g., the
input device 18) transform the movements of the control
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devices into a format suitable for transmi ssion along the serial link 22, -
The input device 18 sends data. packets via the serial data link 22 to the
systemunit 12. As-w |l be explained below, the structure of the data '
packets differ depending on the type of input device. . Coordinate type
devices (nouse, analog joystick, touchpad, etc) have a different data
packet structure than a. swtch closure type of device (keyboard,
digital joystick, switch pad, etc). The serial controller link 22 consists
of three (3) Ii negeviceslaiftd ef efdsalt HitabYe Crér StMNgmiddidn aléng ground

Line. The 68HC70H ﬁegg% §n]£ hg, dat Fhk egﬁg‘ngeg%gf ghgegx(agt rd%.ltl er

serial link using t in“of the 6 pin’s desi gned to
be used as an i nt BRFERES t‘b‘asé‘thaFeHé%Jrc‘E%t%sF% ?HetWeFlPe KPR hr onous
format. Serial transnAsswidDy bevexplanked benbwg €1¢ etructéd@) Jdfi ttheper

second, no parigt ydag d%tagﬁgtgsdlgggror&%pgkg%g bn ﬁg‘ &€/ d ?yri @nous

format coul d bé use | ternative Ink 22 is
connected to extefR%iRevi ceSOBRFIpaiex - &Qﬁ&uc?ﬁ?’l?ﬁﬁl -G‘i“ﬁ‘ﬁﬂ'ug aél?ﬂ-t‘?@ctor
(not. shown), whi gbystickeltodchpan,i etthehave. a dififertertde\dades macketai Sy

chai ned, thus a SLBgherdRy! o'y S CahskohONBEELEd O é,@fe\/d%@ RGeS ng

unit 12. For exa a So-, nouse g pintin ice is added to
the system 10, th ﬁ%’&%%rq's d&@r’rﬁ@&t%‘&?ﬁf&%e hB‘EH i 8&°18, which is
connected to tiee pr oceslshengsamaﬂ. tant¥oblear linkl@ge msa;ﬁd ogx Jdmrsieon

sense are for detesy NifRgs{ hea Méﬁ'%ﬁ%e@ﬁreaﬁﬁ&ceaoﬁc@ Pﬁét\fﬁég‘%l.ﬂé in each
cartridge connectordor t he egp nS| on ¢ nneé:.l_ 0an }?Hgg% m;%ge havi ng
the 1/0 coprocessBP?38 B 31 feof t S ey o} pinis
pul led to a | ogi caﬁcaa@byiaesgftmecpmqqdqreﬁemea Adok sisdng) the t he
syst em pl anar andppoprED&Siny o20BAECSHL7OF.t I TR pin is designed to be

15 used as an interface to serial devices using the well

known asynchronous format. Serial transmissions have

the following format: 4800 bits per second, no parity,

8 data bits, and one stop bit. A clocked synchronous

gises ' format could be used in the alternative. The serial
' 20 controller link 22 is connected to external devices by
a six-conductor mini-din plug connector (not. shown),
which are well known in the art. Input devices are
daisy chained, thus a single device physically connects-

to the data processing unit 12. For example, if a so-

25 called mouse pointing device is added to the system 10,
the mouse is connected to the input device 18, which is

connected to the processing unit 12.

The cartridge sense and expansion sense are for
determining the presence or absence of a cartridge 14 in

30 each cartridge connector or the expansion connector and
is implemented by having the I/0 coprocessor 36 poll a.

pin of the cartridge connector 28. The pin is pulled to

a logical ONE by a suitable pullup resistor (not shown)

on the system planar and a properly connected cartfidge
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12 14 pulls the pin to a logical ZERO Thus, a ONE at each cartridge sense

i.ndi cates the absence of a cartridge 14 and a ZERO i ndi cates the presence
of a cartridge 14. Likewise, a ONE the expansion sense indicates the
absence of an expansion device, such as an optional CD drive, and a ZERO

i ndi cates the presence of an expansion device. The reset is inplenented
by giving the 1/0 coprocessor 36 control over the reset signal of the
Al'V control |l er/coprocessor 32, which in turn controls the reset signal of
the CPU 30. The GRUpBQlsarhe grimatd & Nodilc@1CAEROCETHAE, 36 ANE BES&icH he

system 10 by causidigtiriagh/ &nse QQHlQ:Q%ééO‘Ehe ab’génﬁe %glj c&r@%ﬁ&g

Al'V controller/ coprocessor In turn resets causes

the 1/0 control | e %e%oat’é’%}% rhtee PFESEPSGr PEi AgSRRETEI® TEFH to
I/ O port ASO | hikégiiseon,a t PNEl / Che opxpaasion 3fEenseni irmdisatles oftié onal -

reset switch (not ayaanek EQraﬁhéxﬁ%gﬁm A ibeSehsch is S LBRLYASY &b
detects a switch cjasure, %? %% Q |/ O coprocessor inplenents an [err]
nonvol atile RAM ( fy #R eaf‘% é 1adieages Rggt%re%ﬁ?&ev%’r:ﬁrﬁlefcﬁénﬁb‘?ﬂ ent s
of 512 bytes of ndiﬂ?’é-lc&t-l | e system RAM The NVRAM (not shown)
conprises a PCF8594 namnéactddedd Ry Phibidfertend Caiducf:iﬁr g?n@hés ijo

circuit commni cat co rocess r_via rr erf

More than one P@%&%o\gg%ggﬁh%%sc EF+ 8V ﬁ?o@?edé:eﬁﬁ MM Eagéﬁﬁ To
access the. NVR\M cpntppddep/eepracasaere 325 ddgh 1nA|t|urnhpeetb9lsestla¢e
accessed through Ife8e0EighSD of the TRHS80 DY itheMoplt 86 dah (BBmMAA the

Wi te and gives R0 FRPEELER b e act Rnel SYel 10' By 2audlon el ¢ of
this byte indicatddQ?he CPPEOSESEPENSf eB6 01¥Pi ndinasieds a the  A/V
controller/coprocessor, which in turn resets the CPU 30.
15 The CPU causes the I/O controller to generate a systenm
reset by writing the byte OFFH to I/O port ASO. 1In
addition, the I/O coprocessor 36 monitors the optional
reset switch (not shown) for the system and resets the
—— _ system when it detects a switch closure.
| ) 20 Finally, the I/0O coprocessor implements an I*C
nonvolatile RaAM (NVRAM) interface to read, write, and
verify the contents of 512 bytes of nonvolatile sYstem
RAM. . The NVRAM. (not shown) comprises a PCF8594
manufactured by Philips Semiconductor and is in circuit
25 communication with the I/O coprocessor via the IC
interface. More than one PCF8594 can be cascaded to
provide more NVRAM capability. To access the NVRAM, a
three-byte sequence is used. All three bytes are
accessed through I/O port ASO. The first byte written
30 to the I/O coprocessor by the CPU indicates whether the
transfer is a read or a write and gives the I/0O
coprocessor a segment address. The lower nibble of this
- byte indicates the type of transfer: O01H indicates a
write from NVRAM and O02H indicates a read from NVRAM.
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wite from NVRAM and 02H i ndicates a read from NVRAM The upper nibble =" -

of this byte is a 4-bit segnent nunmber corresponding to a 256-byte segnent
of NVRAM ‘Wth 512 bytes of NVRAM only the bottomtwo segnents (0 and 1)
~are used. For both reads and wites, the next byte is the same--the next
byte is witten by the CPU and is the address of the byte being accessed
within the segnent. The | ast byte is either witten to or read fromthe 1/0O
coprocessor by the CPU and is the data byte read fromor to be witten to

the NVRAM | n the malet appat insbbikher! é&ngapqgseum Reghaht enEad in

ot her ways. For ex a tr| sta dabl e te t
suitably receive tcheglg’%’g?%la on f’r%%}g éserlgmle g %W &lglll'%]]tzhat
case, the CPU 30 puitiesdPr€aNYBAM.c Ry Haes hpttor cie tsegmeptacf@sand HY dat a
packets from i nputardevseas. Hde Hdﬁ}ﬁtréi@@OdﬁdChf:Dte(dlotth%hﬁ%’): bpte Nis

electrical oir ol tun QRN GAI LO0 WAL 1d UseCB mylne ThEarl Vo tne

controller/ coprocessor connectors

ot her not shown). 29fKEsH P§ttlél%c‘66'€= &ﬁ%‘%@é’éﬁﬁ%edas‘“t% shengegmprt- t wo
address |ines of tine SHSEBMMS'LSBE;Ltdesodﬁstﬁé:ﬂtbGorragawtfeondtlnes:s/cspace

of Lhe 80376 CPU SRchilgal ooy cRISHY | fnd 90! RS gt SPEGEE U Blonfipee ohip

sel ect |ines: or t e ca connectors 2 er not shown)
and one for the A/“\? @an’FbFT'%‘FF@o SYRBM-32.  The upper four negabytes
and the |ower four negabyt theandtdenatibee ! othdel /O Veopricesrsoer /aaprisessor

chip sel ect and t%ptl\ésﬁehé‘&@' E!h“GtBQJ:” waGEaby e, "e&hﬂﬁiearé degedsaged 0 two
cartridge connector Chbﬁrﬁse ects. The sectond decod ef‘@%&llﬁ not, sho |s

used to inpl ement FERGARNE, THTE  registe BMgRHsiBH e5e iy
second decode chi pinformation circm tbemserizk Mamixﬂc RRe An/that case,

control l er/coprocegsdrci? §00pbRLo@XPRANS} Ofeads the shift register to
15 access the data packets from input devices. _
The first decode chip (not shown) is in electrical
circuit communication with the CPU 30, the A/V
controller/ coprocessor 32, and the two cartridge
%‘E connectors 28 (the other not shown)..  The first decode
20 chip accepts as inputs the upper two address lines of
the SYSTEM bus 31, decodes the 16 megabyte address space
of the 80376 CPU 30 into four 4 megabyi:e regions,
represented by three chip select lines: two for the
cartridge connectors 28 (the other not shown) and one
25 for the A/V controller/coprocessor 32. The upper four
megabytes and the lower four megabytes are decoded to
the A/V controller/coprocessor chip select and the two
remaining four-megabyte regions are decoded to two
cartridge connector chip selects.
30 The second decoder chip (not shown) is used to
implement the chip select for the expansion connector
39. The second decode chip is in circuit communication
with the A/V controller/coprocessor 32 and the expansion .
connector 39 along the SYSTEM’ bus 34. The second
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connector 39 along the SYSTEM bus 34. The second 14 decode chip
permts the A/V controller/coprocessor 32 to decode a 128K bl ock. of system
ROM starting at F20000H. The range from F40000H:to FFFFFFH i s decoded by

t he second decode chip for. use by the expansion connector 39. This bl ock of
ROM decoded by the second decode chip is used to add ROMto the system 10
via the expansi on connector 39. The data processing unit 12 also has a pair
of cartridge connectors (one indicated at 28, the other not shomm) for

placing a cartrigge, deléhlkarber(ﬂm:%u{:ﬂe Chmghggéif&r(égpkgce;g

and other system_conponen con S to tﬁ’é connector
28 of the data prof8S¥Hid F8K !?2°9¥a°€|cﬁlfﬁt;ﬁnat1’é>a‘ ssarping AHFIWVRHof 31
conductors) edge canhel cangectosm 2840000 PEOCPFEPFFHINLS fidchaedt by ¢het ri dge

connectors 28 for agecemd i&gbgdl;ef@%gv fggrq 80P99%h502§p9£si$}? &Slfectard

connector 26. The cartrldges 1 e go ate card ge negtions to
match the conduc?drs Thdf b%?ﬁ¥(9§nﬁgﬁtQﬁ?P esgby the SfcRg ??EP L &Pi dges
14 to 'be pluggablis veederd edtid ROMeEopthecsystemni0 tPa théeexXpansdnnng ’
signal s are conmmuniggah&skd,03gxternal devices via the cartridge connectors
28 (the other not shown): SYSTEM bus 31, signals, dge_sense I|ne
power, ground, anal og iﬁ?ﬁ?fﬁﬁ?‘fm8Fe§s%@%cHntﬁr§?l88§°h§§ga uRdlbe®
interrupt), GPlIO.2cartBidgsachnuectorsidenkatndicatieguatcifi p thel ethgx ngt| ock
line (which is1® tY%RbeRY stﬂal pQQciK@ 8937@&@18 38653( S\ﬁTEl\&ml%l)
and a cartridge select %Mﬂép srggg ﬁé ?%U g I IS g@ﬁ? o N the
alternative, the S|§ﬁ5?%‘ﬁbéﬁgd %pt?o al ik can al so
be connected to exFeRPRMeRiS| c@bev¢ﬁrtnw§qgaiﬁr¢@@R§Qﬁ§1ﬁ@ctb¢ qunqq$or
addition, the processet tHu datd PPScessingUuAit 12 via a gold plated 62-
pin (two rows of 31 conductors) edge card connector 26.
15 The processor unit 12 has two cartridge connectors 28
for accepting the edge card connections of the edge card
connector 26. The cartridges 14 have gold plated card
_ edge connections +to- match the conductors of the
ik connectors 28, allowing the - cartridges 14 to 'be
20 pluggably connected to the processor unit 12. The
following signals are communicated to external devices
via the cartridge connectors 28 (the other not shown):
SYSTEM bus 31 signals, a cartridge sense _1ine, pover,
ground, analog interrupt 1 or 2 (each cartridge has a
25 unique interrupt), GPIO 2 or 3 (each cartridge has a
unique chip select), a lock line (which is a typical
signal of the 80376 and 80386SX SYSTEM bus 31), and a
cartridge select, which is generated by the first decode
chip. In the alternative, the signals needed to connect
30 to an -optional CD drive can also be connected to
external devices via the cartridge connector 28.
In addition, the processor unit 12 has a single
112-pin (two rows of 56 pins each) edge card expansion
connector 39. The expansion connector 39 allows devices
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112-pin (two rows of 56 pins each) edge card expansi on connector 39. The
expansion connector_39 allows devices 15 to add nore nmenory to the
system nmenory 33 and to add various other features. Devi ces connected
to the expansion connector 39 have gold plated card edges to match the
expansi on connector, allowi ng the devices to be pluggably connected to the
processor unit 12. The followi ng signals are communi cated to external

devi ces via the expansi on connector 39: SYSTEM bus signals, an expansion

connector 39 sensetbi a&d waermengﬁ@urtd, th8SsgsteifAtendrie 33 and aje @gaansi on
connect or 39 sel ecl, YR okfegeIALAGLLDY | e 3860 figRodRaChiy. cnbn the

alternative, the 'signals need an opti onal rive
can al so be connecF§5a¥§#QBGQQﬂ¥&FtBEVP€e§aVFag?H% E&ﬁ%ﬂ%l%ﬂ¥4xﬁﬂ$§§tGP 39.
The program cartri dgecH 4tiod ipaneion ponfeatdrOd140wang theledexiaresiZo | n

the alternatives thg de69080 1 %GaRcNEales! GG pEaLEIdIC IO aSST Nonin! !

12. The progran1 ntalns code sulta execut on the CPU 30
in aread only membPy l$gﬁqgu51gnaﬂﬁ pRe SPRRemiaated, te: gEFe rSRHRSSs
such as battery- ba&kadtwlhﬂxpansban usnthertot 9 St SYSTEM tidbniscsigmalse an

cartridge 14. The pLggrame RAALHLJ %r' BgC'sEeﬁHét 199&”“?6&@&' Odjkdﬁﬂd" g CPU

30, as shown in Figure 1lA. _.The address decoder 42 w

the car qge 14
decodes the full 9en REP ﬁﬁﬁeﬁDDﬁE§8a3u§xPBn§?ﬁ%nﬁ?@n? ?iﬁq te for
t he program ROM0O40 whidh gés egenesatedc hyp thel setond gdedode]. cmm}w rlad the t he

RO'V: 40, ?Sd' s wel Ilg&eemaﬁbé hetlﬁét mgxml% aﬂ@é&%%L%O%hnégtl Sto an
i the art and s ARRHPEEF UPB SBVR TR Sh i AeTiated o eXEmal
| f the decoder 42 deviees gvia tihet expansinmwosswiesyonn??- 12, then t he
The program cartridge 14 comprises a program ROM
15 40 and a decoder 42. In the alternative, the decoder 42
can be designed into the prdcessing unit 12. The
program ROM 40 contains code suitable for execu_tion on
the CPU 30 in a read only memory "format. In the
m : alternative, other memory types, such as battery-backed
' 20 RAM can be used as the storage device in the cartridge
' 14. The program ROM 40 is in circuit communication with .
the CPU 30, as shown in Figure 1A.
‘The address decoder 42 within the cartridge 14
decodes the full width of the ADDRESS bus to a memory
25 rangé appropriate  for the program ROM 40 and generates
a chip select signal 44 required by the ROM 40, as is
well known in the art. The address decoder 42 is
implemented in a 16V8 programmable array logic (PAL),
which is well known in the art and is manufactured by
30 numerous manufacturers, e.d., AMD Corp. If the decoder
42 is designed into the process:.ng unit 12, then the
select 44 is electrically communicated to the ROM 40 by
the connector 26.
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~select 44 is electrically comunicated to the ROM 40 by the connector 26."
16 Referring now ‘to. Figure 1B, the additional circuitry 38 of Figure
- 1A is shown connected to the A/V controller/coprocessor 32. The additional
circuitry 38 conprises four.devices: - a video digital-to-anal og
converter (video DAC) 50, an NTSC/ PAL ("PAL" referring to the well known
Eur opean tel evi sion signal standard) encoder 52, an audi o digital-to-anal og
converter/ analog-to-digital converter/ conpressor/deconpressor

( ADC/ DAC/ CODEC) 54, andRefleRFim@®duhd ortb6 Fighash is, comectaadigsongown in

the Figures. The ~AUQi;Q4V 480, ,]pogsy oIﬁegéc&pr&cggggﬁcteé@ovtgon%(/ I'ler/

coprocessor) 32 eI ectronl cs are cont al ned w one nass
cust om | ogi ¢ chi p, “BHA 185/ &ﬂPE\%‘F%sﬁ%pﬁlzl cathordgpsirnat qimcedtaveas

Circuit). An AV comprilsieer / fopr odevdiees32 nmeetvid@pot heigbsdr-itetl-aaa1bgr ei n
b h f Lt 7 ' X
can be purchaseg é&mé%ur (@meg %ngé?d’rh%ﬂf@sE?Eh i Fles V4R .

Central MIlton Keynes ﬁ g contro COpPr OCESS
contai ns a processd émeﬂ Furopran delevighen olanastgngard)
i nterface/refresh erszbdera 52i.dean cendiol |digitad -tosanalder lagpivegoatyol | er

68, a video blittegn E;%a Q@&i@i‘f‘l %Mﬁgi' decRfbtesfof 4l rééggﬁl

processor (DSP) 74 he processor |nte

menory interface/r %égggglﬁg F’ﬁe W‘ﬁeﬁncgﬁt PefRiaten S%e rErehrif to
col l ectively a30t t@m%ﬁneﬁnsyomrin dihleeFiguresthe system nmenory 33,

central processing unitThd0, adih/valdagr Q@A'W_:'.Qﬁierl bépr&s&s%o@e (R
control |l er/coproc S ro%_éﬁ }he A/V contr r/c rocessor ner at es the
SYSTEM  bus 34 fr COTRSISSELENTIRED cgpse 32% & R t?ﬂ%e cﬁersﬁ Yrom
the system nenory ggttapﬁr@g w;ﬂ@ng‘pgmss:.ve custom logic chip, known as
an ASIC (Application Specific Integrated Circuit). An
15 A/V controller/coprocessor 32 meeting the description
herein can be purchased from MSU Ltd., 270 Upper 4th
Street, Witan Gate West, Central Milton Keynes, MK9 1DP
England. The A/V controller/coprocessor 32 contains a
m processor interface 60, a processor cache 62, a memory
20 interface/refresh 64, a <video controller 66, -an
interrupt controller 68, a video blitter 70, an optional
CD block decoder, a digital signal processor (DSP) 74,
and a DSP memory 76. The processor interface 60, .the
memory interface/refresh 64, and the video controller 66
25 are referred to collectively as the -video/memory
controller 67. The system memory 33, central processing
unit 30, and other devices lie dutside the A/V
controller/coprocessor 32.
The A/V controller/coprocessor 32 generates the
30 SYSTEM’ bus 34 from the sys'rmi bus 31, thereby isolating
the CPU 30 from the system memory 33. Thus, the SYSTEM’
bus 34 electrically connects the various devices to the
system memory 33. Sharing the SYSTEM’ bus 34 are six
possible bus masters (in order from highest priority to
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bus 34 electrically connects the various devices to the system nenory“3
- Sharing the SYSTEM _bus 34 are six possible bus masters (in order from
hi ghest priority to - 17 lowest priority, respectively): the nenory
refresh 64, the video controller 66, an optional CD bl ock decoder (not
shown), the DSP 74, the blitter 70, and the CPU 30 (through the processor

interface 60). Only one of the bus nasters can control- the SYSTEM bus 34
at any one tinme. The arbitrator within the video/ nmenory controller 67

controls the changifigsRr beibti€p, Q’_(esthEtQGé‘if)e:S’ the Hessry hadrelarein, and
is in electrical__circuit cormug]llcatl n wth all tg,g) \ch;(e%e\é\nagln t he
AV control | er/ copttt e gontrp e’éxﬁ%pl%’,‘ PR TR ETh& Pkt
priority of all (ralsshowsierthe RHH 74, abhe rhldittept 76¢cand theTKBY, 30 he
aLbi trator is in C{ﬁlﬁdﬂubh%@ﬁm_l{ t68dd Ut \M'Zrit!érbatzb 1)) =3 CRM:L!yntoe:rﬁf ogethe aRd

the interrupt controller : e cache i S ,cache .i,n e t hat
it prefetches i%sthrnfjsctnfaosr‘i-’se%fsorca_‘f‘héof':gff’go?he Réﬁ?eﬁ_% ﬁf}% dac Ila-' §§§| gﬁg 512 x
16-bit static RAM ¥ireat eBhearbiigaber tvwithinsHre vigeo/agRope qpidgoBye¥he CPU
30 for variabl es, &fanhtrelsPtRgr dRaKPLRy privktelespoPrag aavdxesyt asn. The

vi deo/ menory contr . t he .proc or ;interfac . ;
interface/refresh %él%c%r?%évi_ é%%éght roller J'6s6) lcnont%?(s%ﬁltﬁggsml\eﬂ}hﬁus 34,
and provides the neemRpicRfiRg fifal 31le. Bre  érviceasvwifhine WitabPéY etc.)
for menory devioescaitrmalled/ toptbeesEtyTBY. bpor kampdel, sthieldPik3owhasn t he -
art. It suspends 0, 4.QNns @dur | WolToJN! f Ri €

periods to fetch aﬁgév:'{%z%ggi sgﬁa‘?/h ta?gan%i{'?o\ﬂr%ﬁrgsgﬁegflia%{nﬁl%AM%nDRAM.
It also controls tMeteTRUBLf QEEURFt h FhEs cpEheoarHEF A WedSc ot (FHFFEA66 has
a flexible video tecommmica¢denawdth bbé&h thanCPUe ingevfacened and theit

interrupt controller 68. ..

15 The cache 62 is not a cache in the sense that it
prefetches instructions for the CPU 30. Rather, the
cache 62 is a 512 x 16-bit static RAM located at F14000H
to F143FFH that can be used by the CPU 30 for variables,

m stack, or program code to speed up program execution.

' 20 The video/memory controller 67 (the processor
interface 60, the memory interface/refresh 64, and video
controller 66) cont_rols the SYSTEM’ bus 34, and provides
the menmory timing signals (e.g., CAS, RAS, write enable,
etc.) for memory devices attached to the SYSTEM’ bus 34,

25 as is well known in the art. It suspends bus master
operations during video lines for brief periods to fetch
any video display data, and to refresh dynamic RAM
(DRAM) . It also controls the interface with the CPU 30.

The video controller 66 has a flexible video

30 timing generator that can be programméd to suit
different TV standards and monitors up to a 640 by 480
VGA standard. The exact video format is controlled by
setting various registers in the A/V controller/
COprocessor: horizontal period, horizontal sync,
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different TV standards and nmonitors up to a 640 by 480 VGA standard. The™

exact video format is controlled by -setting various registers in the
AV controller/ coprocessor: hori zontal period, horizontal sync,
18 horizontal blanking end, horizontal blanking begin, horizontal

di splay = begin, horizontal display end, horizontal fetch begin,

hori zontal fetch end, horizontal vertical sync, vertical period, vertical
sync, vertical blanking end, vertical blanking begin, vertical display

begin, vertical %%nt%%rqeeyiagﬁ(g nt&; uph ngniéfa%[lgﬁﬂl glbg ghs. The

vi deo controller reso utlons aval |té per
pi xel , eight bits PFLFAREEL: SAEPIRY biRegifer BPEEEONtahe ‘Hﬁ?&ﬂ" n&Pdef t he
screen i s not tiedhédmizdntali tetockdbegliay hurdzbntalitfetchdehdpdwrizontal

i ndependent 1l y. Thevaf@h%{lrrgggﬁy SO BEr fda I8RR458 a1 NeyrS, %&%@x&@
address range of the 80376 30 I.n

syst em RAM ( coo®odpfa V‘?F"r\?éa?‘oP ?Wéﬁlrﬁlf Sﬁgqg‘art’ﬁ%%a%sf’éﬂﬁoooo -

7TFFFFFH) 4 MB forbemm.smmceardxsmgg 801 (BOBEOAnteBERPEFHANd d4gKB of
internal menory fo%eﬁ fﬁga.%degéw e RELOLOHLSAI0GRSHRE (HirdDor

F1FFFFH) , d 12 k of he 64
ki | oby'lt-?as gp i ﬁt er h&T° %c Oﬁ?rbi#yees‘m Rg\ﬂ'éf'tl%l%lﬂerbpllf‘fgf ?%1 stbégfe and
DSP regi sters and pewmixel, Thedriaﬁ bite pekipdxelr arlthe wmenorymap afbébe.

The blitter rediost gefeditRNthdt leih@or #R8evid8408kp ay Midthil pbuthesDSP
menory extends frog1€1Q§pOH L9 E% QPH i f the optional CD drive is added
to the system the Fof 8 Pgﬁ ¥ire added to the menory map: another 1
MB of system RAM (10000Fhe- \_ﬁdﬁmm;noand congrrBlen 67hAeEPdns veEhe¢ FEO000H -

FDFFFFH) . The i nt fegatite Caldr¥eds aFanded of Ntiké f 808%6 ©PY 30 into the
following memory map: 1 MB of system RAM (000000H -

15 OFFFFFH), 4 MB for the first cartridge ROM (400000 -
7FFFFFH), 4 MB for the second cartridge ROM (800000 -
BFFFFFH), 64 KB of internal memory for the audio/video
controller/coprocessor (F10000H - F1FFFFH), and a 128 KB

m block of system ROM (FEOOOOH - FFFFFFH). The 64

20 kilobytes of internal memory comprises palette RAM,
blitter registers, and DSP registers and memory. The -
palette address range was stated above. The blitter
régisters extend from the range F10400H to F107FFH. The
DSP memory extends from F10800H to F18000H.

25 if the optional CD drive is added to the system,
the following regions are added to the memory map:
another 1 MB of system RAM (100000H -~ 1FFFFFH) and 128
KB for the CD drive (FCO00OH - FDFFFFH).

‘The interrupt controller 68 interfaces six

30 internal interrupts to the CPU 30: video interrupt
(highest priority), analog interrupt 0 (AIO), analog
interrupt 1 (AIl), analog interrupt 2 (AI2), CD block
decoder interrupt, and DSP interrupt (lowest priority).
The interrupt controller automatically c¢lears an
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internal interrupts to the CPU 30: video interrupt (highest priori ty‘) 7
anal og interrupt 0 (AlQ,. analog interrupt 1 (All)," analog interrupt
(Al'2), CD block decoder interrupt, and DSP interrupt (lowest priori ty_)_ “The :
interrupt controller automatically clears an 19 interrupt when. the
'CPU 30 perfornms the interrupt acknow edge .cycle. A mask bit'is

avail able for each of the interrupts. The blitter 70 is a graphics

processor for fast screen updates and ani mation, - acting as a hardware

graphi cs subrouti ngnk@frd %lén?’otﬁ)é S5 740 péif@ﬁ&cukfﬁ CoRrRNdS
witten by the CP i nto erform

arbitrarily |ong sé&g&ﬁﬂ Qﬁ °§F§Bm A Bk 31"?‘0%% ?)‘{lalrl@é’&e 8°’ﬁe$?‘3brﬁ?and

sets from system mider ynBerruptshecones bus master through blitter program

operation, and can thergforg rase Q)éC| _u,3|av%rg9ﬁt_._5gl ppgcéggoISY,gI;EMagius 34
t he CPU 30 IS not

for consi der abl per rity over,

absol ute; it caﬁs b cfgaﬂes‘{ggwgfﬁ g’ﬁ’\?e ?1‘8‘ o8ysTERH sS4 2 PFFEAESU 30
when an interrupt Gxephics sphoouPingOfpxs tthe | GRBs30 pororPIB Mus madt er at
the systemlevel; kaeeutss ¢<smmalm weBRely tHNoPY 300hnat Bige mEEers

har dwar e, thereforq_whhﬁﬁﬁgﬁ I%BQ%SYSTWm bugf:érari?l EIltol regg_%ly&fler

30 program contr ol PHNVEPE € Co ara
intelligent blitti 9 sﬁéPlaJe%r@eraﬁaoas |Ryyireagingt newh qamand( sety frem
generate the oul@uisydten.memokiye3500i1t bdtsidd busnbhstan thBaghebl ftter

contents of the dag&-o%‘i-%% LFaklof nd Cloall UrGldHort®itadsd Bk ’het get

out put data and th rrpara can ormcertaln conparisons on
to inhibit wite ofOR&rPHE %SK§ F’Bha‘?qsy%t S‘Brb‘l"i“!stlé’reréﬁéﬁa??wdthe
| ogi'c function uni Hogewerat tiss trioditpubvefitthe CPU 30 is not absolute;

it can be requested to give up the SYSTEM’ bus 34 to the

15 CPU 30 when an interrupt occurs. The CPU 30 is the
lowest priority bus master at the system level; however,
it has complete control of the other hardware,
therefore, the use of the SYSTEM’ bus 34 is entirely

s under CPU 30 program control.

20 The blitter 70 has a versatile comparator to allow.
intelligent blitting operations, and a logic function
unit (LFU) to generate the output data. The logic
function unit can combine the contents of the data
registers in a number of useful \.vays to produce the

25 output data and the comparator can perform certain
comparisons on the data to inhibit write operations, and
optionally stop blitter operation.

The logic function unit generates the output data,

which is written to the destination in system memory 33.

30 It can perform any logical combination of the source and
destination register pixels. "Source data pixels" can

be selected from either of the source data register or
the data pattern data register. The LFU selects any of
the four Boolean minterms (A & B, A & B, A & B, and A &
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which is witten to the destination in system nenory 33. It can perfdo
| ogi cal conbl nation of the source and destination register pixels. ™S6

‘data pixels" can be selected fromeither of the source data register or. the
data pattern data register. The LFU selects any of the four Bool ean
mnterms (A &B, A&B A&B, and A & 20 B) of the tw sets of
input data fromthe data registers, and generates the logical OR of the
two selected mnterns. This allows any |ogical conbination of input data;

thus 16 functional Bposss b'thletl'@ﬁoeéle%E J@e mcg;%paa@éapr frean tlﬁ;er fdet:m a
variety ° of corrparlggnsstgrnst e (ga ain ﬁ ﬁ- ft %at |%o attern
data registers cortpalT ﬁegﬁﬁ%ﬁ%ﬁ ofRe 21894 t tes an

i nhibit signal.
and optionally,

al so be used togprovide e effect en
colors, for coI l'ision %eto f’} cfg a% rsys‘t n%?rlgfroy 3 sea&gﬁ§g%érah ons,
and as an aid to cRAeRRRYEFonsiont the. datse 1psph¢4s¢1§%sfiﬁﬁtbna%ry and

hi gh-'speed pr ocessp&tf:@fn Saaityl Seqiidtesss,

I nstructions per

DSP DNA control | er
words into system
are under DSP pJoogbpmomanImI

FatecRd mintergaal Thisysddovs anmlbgﬂtcalvmwreﬁepat i on,

not stio OoWs it to rea

qEeridisi Rgmpharigor acatiiitildnison

tof ShEP datte bhuétwgun@&%au%ssmﬂhels@mﬁ or can

Sl Ben 1§ JESosiar oyl SRS IRAtS phe® 1

dwite bytes or

fRhbPit Slonalrigased sAsitibidca e SRBFRLIRRsRRY and

toThet &SP the ablimting experatiopsr ogr &k and

stores data in its gBaPid %A Earl HePAGE LRI YUY dfovile &P n%‘l Ebb"%%“%l ent

coprocessor Is a gener a pur pose arit hmet1 ¢ coprocessor

power to inpl enenBIf&Cth; JiIP FaVeortEANSRATRDLi (COXKfrheSPT ercoXdisinng

serial outputs aredptegtill andr spstgonaeabrpB3 search operations, and as

15

20

25

30

an aid to character painting.

The DSP 74 is a simple, very high-speed processor
for sound synthesis, operating at up to 33 million
instructions 'per second (MIPs). It has access to the
SYSTEM’ bus 34 via a DSP DMA controller (not shown),
which allows it to read and write bytes or words into
system memory 33. These transfers occur in short
bursts, and are under DSP program contrcl. The DSP 74
actually executes programs and stores data in its own
private high-speed memory 76.

The DSP 74 audio coprocessor is a general purpose
arithmetic coprocessor with sufficient power to
implement a high performance music synthesizer.
Synchronous serial outputs are provided for a generation
of stereo audio signals with 16 bit precision, giving a
sound quali'l:.y normally associated ‘with compact disc
technology. The DSP 74 is micro-programmable from the
host CPU 30 and the instruction set is sufficiently
flexible to enable the user to program the device to
fulfill many different functions that are quite
different from that of "music synthesizer." Such

BCY-93-100 (21322-00186) 20

nous

This Sheet Has Been Reilaced




of stereo audio signals with 16 bit precision, giving a sound quali ty
normal | y associ ated with conpact disc technology. The DSP 74 is

“mcro- prograrmablefromthe host CPU 30 and the instruction set is :

~sufficiently flexible to enable -the user to programthe device to fulfill
.many different functions that are -quite different fromthat of

"musi ¢ synt hesi zer." Such 21 applications m ght I ncl ude

al gorithmc speech generation, audio analysis using fast Fourier

transform techni qupplieatishs ee-gigransi ofidlugledphiaQgor othi®Ns. sgéectDSP 74

uses Harvard archi t %\j\ﬁl rum
data t hroughput. #E&E%%E ‘34 é%agngé‘??%éqsqgg gg%% %lr#%tq %Aﬁ% I ch
features a har dwarkcRBigRes pyand. fhreezdinensionalt gprphics uFaFations: wel |
" as addition, subtchet DSP, 7andsésHantarddleichdbhectuter (@eparate oprogear at e

serial divi de it ganeha 0 ti U
within the DSPLg]74 afngmgh%% bit ar %;3 nmet | m%# Ehg&‘tfﬁ%ohgﬂﬁﬁt %e Eggﬁs_):;‘d_me

functions as a DPRSAD IHSHHERELEs 1egig1 undhi SALPY, Wb +°l'knfﬁﬁ'fwrzf?st e art.
Comon arit hrret imrdweper at+bils by axea-blterhaardwdi-e msl tiipdy/actunntate

uncommon i nstruct 'a%“%eﬁi%é’%dﬁ%i@ﬁ edit¥adt i 6! 'a%dsf&%A&El ¢@ntBEorid-U mode
bits with the general p ’e%oan% arithnetic instruction, The DSP 74 has
t

a DSP nenory 76 ass$&ea R At seﬂ?é'aﬁgPﬁfﬁfﬁﬂyd?G&GS Mides FRHTH am

RAM data RAM 1@ rgemezrasescons tquutiealtl bitaper ¢iskne ROM (aII not shown).

The DSP nenory 76 in geags ALt SwAGHSS Thl! esbnvbow d NSk ariBhRéead
address space as . as th addr%gs ace of t ﬁtem nmenor y ,iﬁe aLsThe

DSP program RAM i °§f‘f 1§n5|f wht e§8%Foc W% P€an38nl § b Ttten
by the CPU 30, andn@teupepeaiilad- ollighasis avelk khewlDSﬁmM'-h% %’@’)ﬁcer ned.
Program RAM does rnmmdpPealariithhéfic  operations are encoded as

15 instructions; uncommon instructions can be performed by
directly setting up the ALU mode bits with the general
purpose arithmetic instruction (GAI).

The DSP 74 has a DSP memory 76 associated with .it.
R T@e DSP- memory 76 comprises program RAM, data.RAM, a

20 register/constant table, and a sine ROM (all not shown).
The DSP memory 76 in general is accessible in both the
DSP’s internal address space as well as the address
space of the system memory 33. The DSP program RAM is
512 18-bit words. These locations can only be written

25 by the -CPU 30, and are program read-only as far as the
DSP 74 is concerned. Program RAM does not appear in the
DSP internal address space. The program RAM is not
accessible to the host when the DSP 74 is running, but
is accessible when the DSP is idle.

30 The DSP 74 also has a serial audio digital-to-
analog convertor (DAC) interface. The serial DAC
interface allows the DSP 74 to both drive a synchronous
serial (I2S or slmllar) DAC, and to input data from a
synchronous serial data source such as a CD drive.
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DSP i nternal address space. The program RAM is not accessible to the host
‘when the DSP 74 is running, but is accessible when the DSP is idle. The DSR
.74 al so has a serial audio digital-to- analog convertor (DAC) interface.
The serial DAC interface allows the DSP 74 to both drive a synchronous
serial ([err] or simlar) DAC, and to input data froma synchronous seri al
data source such as a CD drive. - 22 The video controller 66 of the AV
controller/ coprocessor 32 connects to the external video DAC 50, which
converts the eighteen bithe ofideoX@&onitBbDLeRt 66N of8 Hifd XA i t Sorearillel/r ed,

green, and bl ue) fEQ?i'&l:Ess\Qrd%Q <anh Ql:éef 6%:%”&&%{}@5[)@3:1%&“%;@% as is

well known in the afl col or anne and 80c)7 of the
video DAC 50 is inp é%rﬁ%‘eremﬁ%eﬁzﬁt?%%.%&f&r of | Rixel, dnEOBRpLN
transi stor, as shoWsixnbFigjeachl6f Fed, dpweeass and Blge) efddh arhee ivideior cui t

communi cation, a&s ébﬁwfbne@%sfﬁﬁéfaﬂr RcBOaSiR1 80, FéQL!irsewLﬁ@EﬁovﬁJ lin0. 25
watt resistors with, the val ues s xvn w thin 500tol er ance. trsgn?stor
r s"‘frﬁﬁﬁ

88 is a 2N2222. RefBF Ty odtEPafai t%h?—*?’gﬂre“‘ﬁ avhg PR
converted to an NTSC temptisieceDA¢ dEd isi dmplefénted tWidh\NRBCRFRIresicherr 52.

The NTSC PAL encodgre®ZafA@C8&PLR2532 €RLMEstIrOCkas? Zsndwie 1lﬁ5\ﬁ\iqu&ed 1¢SYNC
signals 94, which e geperat ed deo contr.ol | 8L 66 of

control | er/ coprocessor “32-°Fhd™ E‘ég}néﬁ ar@r’é'énc”gi%l 53’5"‘6’? etl'é?é’é vi deo
~outputs, whichOar ésgéhevla{ edThy nesdsriogso8BACB6D, ianBigureerky @regall

conposite video signat Q8ttNréSistdild e Statied anthar)d wiktiea fsar mat .

In the alternati | . known (Europ eI evi si on signal
standard) fornat \égle%e#geén\é% eﬁran%su’go:%oé‘l t3 e% 'signal 90 is

cornected to external dRAXEFipPIeNGe AN tPeidgerRdR t fhe RFRignal

80 is converted to an NTSC composite video signal 90 by
15 the NTSC/PAL encoder 52. The NTSC/PAL encoder 52
accepts the chroma clock 92, the HSYNC and VSYNC signals
94, which are generated by the video controller 66 of
the A/V controller/coprocessor 32, .and the red 80a,
green 80b, and blue 80c video outputs, which are
20 generated by the video DAC 50, and generates a composite
video signal 90 in the well known NTSC or baseband wideo
format. ~In the  alternative, the well known PAL
(Eurcpean television signal standard) format can be
generated. The composite video signal 90 is connected
25 to external devices with a single female RCA type phono
jack (not shown), as is well known in the art. In the
.preferred embodiment, the NTSC/PAL encoder 52 is a
CXAl145, manufactured by Sony Corp. In the alternative,
an MC1377, manufactured by Motorola Corp. can be used.
30 The audio ADC/DAC/CODEC 54 is linked to the DSP 74
with a serial 1link 96 conforming to the well known
Philips I?S protocol. The ADC/DAC/CODEC 54 converts
analog data to digital data, and vice versa, and
compresses and decompresses digital data. The
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jack (not shown), as is well known in the art. 1In the preferred

enbodi nent, the NISC/ PAL encoder 52 is a CXA1145, manufactured by Sony
Corp. In the alternative, an MC1377, manufactured by Mtorola Corp. can be
used. The audi'o ADC/ DAC/ CODEC 54 is linked to the DSP 74 with a serial |ink

96 conforming to the well known Philips [err] protocol. The ADC/ DAC/ CODEC
54 converts analog data to digital data, and vice versa, and conpresses
and deconpresses digital data. The 23 ADC/ DAC/ CODEC 54

interfaces exter nﬂbcﬁiﬁﬂf/&ﬂbﬁﬁ%@&rﬁ%&@a@&@ qu&rnﬁﬁ.om:eﬂéﬁ 'a@ﬁib &€ ophones

to the A/V contr coprocessor e_audi uts 97a-

connected to ext e?#aled’—/ evi %:lge)%mvm f’ﬁté"%?]andgiﬁr O’é S 1/ 5° ne(azéﬁ‘f

The audio ADC/ DARRSEOBEREr/sgpregessorndr f fhesaudiqligpubs 97a‘éa!°aare from
t he AV cont r otdreridater e shdiern@lee@ioas derhcas stanganer atehgo | ef t

and right audig |1pg Olentignal s 9845880yaiheanehanAlonRBasIB0.EL

connected to external evl ces, such of 'shown) with
two femal e RCA phbRkerieres as ﬁF-El\'r'oéI]J kné?«/ﬁal n tﬁéO&rt pBerentd bhed
bel ow, the audi o tomtercslilgrdbspOicestty ﬁé%:ﬂdei-ﬁamdihaﬁidee by geRbratity si gnal

22. In the preferigfitgfmgcyl TR aylh g C% 4d8§-§8§542'1'ﬁese

manuf actured by Cryst em-conduc ontai ns m crophone

i nputs, with pr og?h?ﬁﬁa?tﬂ 883aP%p are \feeppeage%lm)ee%emﬁ ‘}ﬂ"d&f’*&mﬁ%@é
attenuat ors. 1Gai as anpt bdriadnuqicakerar gnbot shpwnyr aimhbkyocdanabée | RGA by t he

DSP 74. In the al i t Qfg,&ggﬁ Aﬂf@ er h a
TDA1311 DAC mnuf%ﬁﬁegﬁgﬁ Q’eaé@q' Clﬁ hi p :agteuse}?é)lm@;&%%aand

CODEC functi ons wPEH%rot hﬁea‘é%? I%%Slﬁ%lﬁ?ﬁ%aépa?ﬁ? %Q@Fﬂﬁg e

conposite video the RF video signal 22.
In the preferred embodiment, the ADC/DAC/CODEC 54

15 1is a CS4216, manufactured by Crystal Semiconductor. The
part contains microphone inputs, with programmable gain,
as well as outputs with programmable attenuators. Gain
and attenuation are both programmably controlled by the

B - DSP 74. ' .

20 In the alternative, the ADC/DAC/CODEC 54 can be
replaced with a TDA1311 DAC manufactured by Philips. If
this. chip is used, the ADC and CODEC functions will not
be available.

The RF modulator 56 merges the composite video

25 signal 90 from the NTSC/PAL encoder 52 with the left and
right audio line out signals 98a and 98b from the audio
ADC/DAC/CODEC 54 onto a carrier frequency to generate an
RF video signal 22 that is suitable for being directly
inputted into the TV 16. To generate the different PAL

30 (European television signal standard) and NTSC formats
a different RF modulator and crystal must be used. The
RF video signal 22 is connected to external devices with
a single female Type F coaxial connector, as is well
known in the art.
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signal 90 fromthe NTSC/ PAL encoder 52 with the left and right audio line
out signals 98a and 98b fromthe audi o ADC/ DAC/ CODEC 54 onto a carrier
- frequency to generate an RF video signal 22 that is suitable for being
directly inputted into the TV 16. To generate the different PAL (European
tel evision signal standard) and NTSC formats a different RF nodul ator and
crystal nust be used. The RF video signal 22 is connected to external
devices with a single female Type F coaxial connector, as is well known in

the art. 24 Referri r@efgﬁwn t 0 noldl J¥hes righieddM ﬁlcbn ,andan sl efered] mant
of the input devi p{__esent I nv sho

c he e
that figure, the i ﬁ’%ﬁ%“ﬂ%’{ﬁ’ c€¥18 BB np PR ‘ge‘f’ocffchggd ‘1%“&&8 to°F t| cks
20a, 20b encl osed inyeptiengle shownesube steyn imhthatpdigyyee e inpytade of

ABS-T (acrylonitr ldbmbutmlwrsbaéal&ouanaaaa@ andf €WnjoPéBIcRrs 20a,
El ectronics C% 2'0£Denc1 gs Indus%ng’lal Fn% ureé (9]080 )ﬁﬁe %glg&

Kwun Tong, Kowl™oon, "Hong e
devi ce 18 accepts 1t°é'mélsa!“éd8vefl ay%-qo@crerd@nlﬁrlmma@eeppar;txwq ses a
body 104, a tab 1Q&aiaaBian faant thqa‘.'l mqwrba&aslaﬂo at Lepe, ed@mgﬁsﬂ the

bot t The t I ted
aper. Led ca %ﬁugggﬂfy "Jel(21 esl’er I%L ?)ne Suit %%al o WEeste FIO; ?s

paper, coated cardboar
manuf act ured by D1¥°Péﬁ9nanéll°%9d gav&‘isl AteriadeABBy PEﬂ?es Yu vy | Bhe
trademark.. Theo bddputOdekdse a1graguiptal tefipyaté nooarlaged tLhe| eeaclorof

thereon; t hat '%rhlltcE oveh co@é‘ﬁ%er $od) 1bhCNa PLLM ﬁ‘ & pd,

carved, engraved, screene W Sse- perm’anent Txed on or in
the overlay body FGentifggation prttermedd® ptoerene SSd?nlﬁﬁeahﬂtT'%mused to
grip the tenpl at e ThectempldOR ovetllayi DE2tiisl madé iafh apthirematef@al $uctbe

described in the (Xl RAGARARBLENIcoated cardboard, or polyester film.

15 One suitable polyester film is manufactured by Du Pont
and widely available under Du Pont’s "Mylar" trademark.
The body 104 has a graphical image inscribed therein or
thereon; that is, the graphic design is written,

'ﬁﬁﬁﬁ printed, painted, carved, engraved, silkscreened, or

20 -otherwise permanently affixed on or in the overlay body
104. The tab 106 extends from the body 104 and is used
to grip the template overlay 102. The identification
pattern 108 will be described in the text accompanying
Figures 2G-2K.

25 The touchpad 19 has a pad surface 110, which is
exposed to allow contact by a finger, stylus 21, or the
like. The pad surface has a default template graphical
design inscribed in or on the pad surface 110; that is,
the default template graphic image is permanently

30 written, printed, painted, carved, engraved,
silkscreened, or otherwise affixed on or in the pad
surface 110.

As shown in Figure 2A, the following functions can
be supported by the default template graphic design
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Figures 2G 2K. The touchpad 19 has a pad surface 110, which is exposed to
all ow contact by a finger, stylus 21, 'or the like. .The.pad surface has a
default tenplate graphical design inscribed in or on the pad surface 110;
that is, the default tenplate . graphic inage is permanently witten,
printed, pai nt ed, carved, - engraved, silkscreened, or otherw se
affixed on or in the pad surface 110. As shown in Figure 2A, the foll ow ng
functions can be supported by the default tenplate graphic design 25

i nscribed i n or ondheiBad Sty face o%llothe pQQt %r "fachd.tl’o pagﬁ@ef "

“previous," "next,/' and“a['row keys {2 .
alternative, "sel ed®%an %%uif"s'ed PhE t‘-:%‘bsd‘ ‘“éﬁ’f'er'a"&nﬁrr%‘é ‘é%m be
used instead of ‘"down,. 'leftjgand riighthe alhethataVesrnatdve;edsehgatar

areas can be miprfiarD%b- u888 {4t RRCRrARBREEr N WIR al:ancefgaid&ni Bel §8eq
alternative, % Ietter% f th,emgngsh | ap uaecanech be mapped to a
u | n

region of the tducHPFXE2 e af#@tha oat® coul d
be mapped onto therqﬂ@nguﬂ-ﬁacarelals)can bmd@@@edett-tr@lrﬂeyfqum fArvabic or

conbi nation of patﬁ@e&elandAgxﬂbOiﬁ tl?@rhlt&rﬁﬁeieg tn@q&%%gl bfteﬁ@l ate

graphi c i mage sho e,chgsen to rge nunb of

‘appl i cations targel'%n N or RFH@“?@%t‘é"‘m e t“l'ﬁ’g mFﬂBﬁ‘? (?\/lrc?§1°T8°ch%r| ses
two forns of retEusdP3dto 3geimeln thenAlhernstiveayr KNERTXoKeheardo t he
pad surface 1100 doldarbeVvaappedi Betbi Rhbl badbwlracenricies trhased,

straight lip port I‘;ré'pq%a%&%’gv%n hg&,fggi_l ne?ﬁrgglggr alt'1¥>n 8§h§§%ge§118tar}%4 and

that retain the te €e Si
ridges 116a, 116b S¥FRCLSet &R bRe cherphat e%@eﬂ#é@umztwleﬁe B‘ESEPP#FSl de.
The lip 112, slot ikbkge shdulddgeThosen to be useful to a large number of

applications targeted for the system 10.

15 The . input device 18 comprises two forms of
retainers to secure a template overléy.loz prokimate to
‘the pad surface 110: (1) an overhanging lip 112, which
comprises three straight lip portions 112a-c that define

a5 a dgenerally U-shaped slot 114 and that réta-in .the

20 template overlay 102 on three sides and (2) a pair of
ridges 116a, 116b that retain the template overlay 102
on the fourth side. The lip 112, slot 114, and ridges
1l6a, 116b are shown in more detail in and described in
the text accompanying Figures 2C, 2D, and 2E.

25 Also shown in Figure 2A are a handle 118 for
carrying the input device 18 and a tubular aperture 120
for storing the stylus 21.

Referring now to Figure 2B a top plan view of the
input device 18 with a template overlay 102 in place

30 proximate to the pad surface 110 is shown. -As shown in
that figure, three sides of the body 104 of the overlay
102 are slipped under the three lip portions 1l12a-1l12c.
Also shown in that figure are the ridges 116a, 116b
retaining the fourth side of the body 104 of the overlay
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116a, 116b are shown in nore detail in and described in the text
acconpanying Figures 2C, 2D, and 2E. Al so shown in Figure 2A are a handl e
118 for carrying the input device 18 and a tubular aperture 120 for storing
the stylus 21. Referring now to Figure 2B a top plan view of the input
“device 18 with a tenplate overlay 102 in place proximate to the pad surface
110 is shown. As shown in that figure, three sides of the body 104 of the
overlay 102 are slipped under the three lip portions 112a-112c. Al so shown

0 hat figure aragaeohl digs chifida df WlorRbaLIALGE el Gl bBsShECAL (e

body 104 of the overl'a sitioned on elt si de the tab
106 of the overl af"fﬁ'&ay Hé- ovERe a?V?L ¥ st9% skt tiapepyed| PHpFhiPRING | ef t
hand and ri ght harndhesiléfts band handadighihanid tdicdesyef| ahe 16@dyintdey dfthe |ip

portions 112a and l1indi Vel 0 | ttom
edge of the bod fé%széPﬂaf&ygrﬁﬂdéP% |glgﬁ%%€%r% g?zaelrgyd %lﬁggfatrlngn

112b. Finally h?ld\ﬂéflﬁa§'rh§0?v?’§l%élje%é%9‘ﬁhd“t% {36 PeBtoR
bet ween the ridgesthel badyl116b, ofitileh averday e byeunder 12 athehelimp

side. Figures 2C ;?d%tl@ﬂdlgﬁaSh%ﬁJ]de%@ bvePlad NEpd id0e214468a dArkbb and
t he overlay 102. l£%§1 %§§hom5 t 06 ext ndlgggb ¥¥€d t?ﬁ ri dge
116b. Figure 2E Stfas-Thet “EVQr &f B Py th&%i dge
116b. The over| ay wtgizhi set@mv@w wegﬂappmg athetheqafoposide+ h t hunb and
forefinger andigai sing rhguisly2d 0% R o¥ethay &8 mﬂgrtef rexlges

L o r o hh Dl B0 e SHE" B SO0y SobCC Al OB MG (e

114 that retains t¢h9<§@br19§ qxnpn@4nghberoe¢cknﬁ rAdge Lidwn thvhet23|gure
shows the body 104 of the overlay 102 abuttlng the ridge
116b. | |

15 The overlay 102 is removed by gripping the tab 106
with thumb and forefinger and' raising the body 104 of
the overlay 102 above the ridges 116a, 116b, thereby
allowing the overlay 102 to slide out from under the U-
shaped lip 112 and over the ridgesillsa, 116b.

20 Figure 2F shows the slot 114 that retains the
overlay 102 on three sides. Also shown in that figure
are the touchpad sensor 122, an overlay'sensor 124, a
cavity 126 for storing a plurality of template overlays
102, and a substantially rigid base 127 made of the same

25 material as the enclosure 100 that provides a resistive
force sufficient to allow a touch of the sensor 122 to
be detected. ’

The touchpad sensor 122 is located proximate to

said pad surface 110 and is configured in such a manner

30 that pressure on or near the ‘pad surface 110 by the

finger, stylus 21, or the like allows the sensor 122 to
detect the location of the touch.

The touchpad sensor 102 can be any one of many

types, such as impedance-based sensors, acoustic
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are the touchpad sensor 122, an overlay sensor 124, a cavity 126 for
storing a plurality of tenplate overlays 102, and a substantially rigid
base 127 made of the sanme material as the enclosure 100 t hat provi des a
resistive force sufficient to allow.a touch of the sensor 122 to be '
detected. The touchpad sensor 122 is located proximte to sai-d pad surface
110 and is configured in such a manner that pressure on or near the pad
surface 110 by the finger, stylus 21, or the like allows the sensor 122 to

detect the |ocatign Qf <t he fough C‘ghedfé) ensorgengg&&’?g carkxgg 30y one of

many types, such _as i npédance-base aco Sénsors,
and switch cl osuriPIYe sBembFane syikeh| BAtFiEeside SuSivbr aFke s@evige
matri xes, e.g., didvdogedi te Ulis.clpasedti Mo . 4373|3atLent tdloFlcakeila, 19Aat o

Florella, and fi nﬁnéﬁ%@k&]iﬁ@fhr?‘@ﬁ%ghcé s %‘3 §$H§9f% —‘g%ﬁe guhe

devi ce di scl osed In U S i table
sensor 102 can bedep‘{}ﬁ?ngéﬁﬂ PF W HgSs BAERAY dif-c4 - 822, 95D to WoAget
| ndustrial Centregl.l180O0W&i sm;taSﬂ.eeestenstsuun.o‘Eongan Kbal porchiioed) Koog, as

part Inurrber PR399%&hg rEh@u%%%eﬁlé@Zc?enﬁ&@t 68w@,§ elﬁﬁku%ﬁa@h%kﬁ:%:ﬁal g

si gna respon5|ve | nger, or | ke touchin e pa
surface 110 or to % ‘{?gl tﬁé’ytsg:ﬁﬁﬁgte Kgy rT‘é’?/giO‘?"f?}r mir®%t §°PHe PSd
surface 110. Fapawtx ampber BRA2983.cl osure type sensors typically require a

nunber of driygrs to SQﬁaeQ&h@& Y12¥ Ig\é%ekaeegaau LEASS S UNRAR¥iSaNd a
nunber of receivers:-t &Qﬁt he ot her _ax| s 'S

dete
conducting the sigrar %Fﬁgﬂnﬁ,"ﬁ %{9 gﬁ'ﬁvﬁ?’é{“s §9fht IF dhevdrke
gener ated t he si gerichdagedhedppy ®hrface etil ver touavingrihe detplletei ne t he

| ocation of the tewdlagaurdNgpideintitel Gbb the pad surface 110. For
' example, switch closure type sensors typically require
15 a number of drivers to sequentially drive the many lines
on one axis and a number of receivers to detect which of

the lines on the other axis is conducting the signal.
driven by the drivers. Knowing which driver generated
‘m the signal detected by which receiver allows one to
20 determine the locatlon of the touch causing the switch

closure.

The overlay sensor 124 is a sensor that generates
an electrical signal corresponding to the identification
pattern 108 on the overlay 102. Thus the overlay sensor

25 124 of the touchpad 19 and the identification pattern
108 of the template overlay 102 must correspond both in
location and in device technology. A suitable overlay
sensor 124 is a bank of six optoelectrical transmitter/
receivers each having an angled transmitter and an

30 angled receiver, which are well known in the art and are
available from Wong’s Electronics Co. LTD, as part
number PR39990.

As shown in Figure 2G the overlay sensor 124 is
optically coupled to the identification pattern 108 via
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closure. The overlay sensor 124 is a sensor that generates an el ectri¢:
signal corresponding to the identification pattern 108 on the overlay 102
‘Thus the overlay sensor 124 of the touchpad 19 and the identification
"pattern 108 of the tenplate overlay 102 nust correspond-both in |ocation
and in device technology. A suitable overlay sensor 124 is a bank of six
optoelectrical transmtter/ receivers each having an angled transmtter and
an angl ed receiver, which are well known in the art and are available from

VWng' s El ect roni cSg. holdd 1265-03E! 1AUEREr LRANNN. A ShopekneELAUTe 26
|

the overlay sensor f4 IS o ticall déntifjcation_pattern
108 vi a 28 six RBfed fzé -3 5ap9ih °c eéﬁE‘*B%’tFrcetfﬁﬁsmlﬁﬁfé/rregﬁ& ®Rol e
128 is a single oppradfelnobnsowy)ans dint tegrotherepmbed peent ((rott shown), |n

anot her embodi nment tﬁ@cglﬁhea@iveﬁlﬁa%gi& EEERIpMRIEt 6 ANHY bl-eF1PpisenseE the

o oupe. of ¢ hr eeandehaulq k- 418 aTer dibrai et e ALVISSE stk tuhoo
122. That is, threEowes &f thgee I8¢ peaihtienrd Pnas%cqlé#@e* side of the
receiver/tr ansrri t t ebuPiipdd Sarisdie 1RSIt i-m{ad wdeﬂfhﬁ}_e HdyesPrdgaci2g¢2a and

the .Ot her thr ee. zghgsthe %gsgiéza.ated (:: 8& Etr nsmi ?OCI :e)d cagr

receiver/transmtt can osIt1 ano I on
112c. Figures 2H 2R°§wh‘éwf£%?an"bﬂ“t%r Qne | Yt pereian ohl%mt and n§h$08’therThe

i dentificationipatthtee 10Sonée | ormdasdaen on@aﬁ@lge theihe tﬁﬁ_ﬂc’i"aeeave” ay
102. There are Si’:é i‘péy')@r%‘ﬁgh g&kialgs ca%r ]ﬁ%a%\?{ﬁ ghgédlt@n

transmtter/ recei.ver palr over lFay s nsor e oveflﬁay 102
is in place, the i@BRER®Y iR HRTEALRIIRS-108 aligns with the sensor 124,
If the Figures 2H-2K show examples: of identification

patterns 108. The identification patterns 108 are
15 located on one edge of the template overlay 102. There
are six individual marks--one for each individual
transmitter/ receiver pair of the overlay sensor 124.
When the overlay 102 is in place, the identification
m pattern 108 aligns with the sensor 124. If the
20 alternative embodiment, described above, in which two
groups of three holes is used for the sensors, then the
identification patterns 108 must likewise be divided
into two groups of three and positioned one -on either
side of the touchpad sensor 122.

25 Using optoelectrical transmitter/receiver pairs as
the sensor 124 allows very simple identification
patterns 108 to be designed into the template overlay
102. If the material from which the overlay is made is
white, then regions of black ink or paint applied to the

30 back of the overlay can be used as one form of
identification pattern and white areas without black ink
can be used as the other. '

' Examples of several different possible
combinations of identification patterns are shown in
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alternative enbodi nent, described above, in which two groups of three hdiess

is used for the sensors, then the identification patterns 108 nust |ikew se
‘be divided into two groups of three and positioned one on either side of -
t he touchpad sensor 122. Using optoelectrical transmtter/receiver pairs as
the sensor 124 allows very sinple identification patterns 108 to be
designed into the tenplate overlay 102. If the material fromwhich the
overlay is made is white, then regions of black ink or paint applied to the
back of the overFagurean Imi-2ged as rdgQredOor MH ofti,ﬂamﬂfiqati(ghcp\attern

and white areas WthH{-.'lf?&é‘ﬁ%rj ggnge&‘?se 1587 "a"i:(f%g?"% ca t'éxaﬂ?rlxaﬁ%ns are

sever al di fferent possi bl e I nat1 ons of I on patt
shown in 29 Fi §@FEErns 19f5K010001,, FjQi}ld822 2 HOOPRPRaygh2nd 2 & 113 hday
identification patespaetidéBy cormrnhaspotitk Ngent ilicatjorppaiteeps Gdppear

O o en 1 EA2bE 4 e iRO0R A Sl anB ok LLUILEL ' dnadPRE6hy WAl |

Thus, the i dent I ficatlon erns e'ﬁ?
regi ons spaced al §Agetfe té’(fg*éeEP]-'ﬂ‘% Wéﬁi}?&tlé’zov %QOPGQOZ ‘PﬁEtEBBO"(ﬁ err]
pattern i s shown &shbwnl fost lianuyecamﬁrvmmpasby only. acInahdctissl s, al |

whi te 000000[ err] ¢pat &fi”wﬁ(!éé oBBBG@ZrT%%{tEQ{-n ﬁlisgg‘_{%%@ﬁf%% bhasqgttern

corresponds:- to the absence o ate over whi ch case the
default tenpl ate §PIPHFE F%ﬁepﬁiﬁrd‘ Fergesrends ¢ &he abianed 5 apy r ont
el evational view demphetenpuirlhgvice, lih ehitheqrecthatdefandnt tanplafewws t he

posi tioning of th?rjagﬁ§él $HS9& U140 ogge@n each side of the touchpad 19.
As shown in that figure,_, the JO%'fStIC 20a, 20b . each have monenta
‘?ﬁ;re 2L

pushbut t on swit ches 130519WERRELy fTBASR 1§ @hdimonte elevationah Jeie;
al so shows the red¢hengopat dpedeune é82thegiresent invention, shows the

positioning of the joysticks 20a, 20b one on each side

15 of the touchpad 19. As shown in that figure, the

joysticks 20a, 20b each have momentary pushbutton

switches 130a, 130b affixed in their respective ends.

Figure 2L also shows the rectangular aperture. 132 that

i - opens to the cavity 126, which is used to store a
20 - plurality of template overlays.

Figure 2M, which is a partial sectional view taken
substantially along the plane designated by the line 2M~
2M of Figure 2A, shows the details of the joysticks. used
in the input device of the present invention. The

25 details of Figure 2M are repeated for both joysticks 20a
and 20b. Moreover, the details of Figure 2M are 90-
degrees rotationally symmetrical; thus, while two of
many structures are shown in that fiqure, actually four '
of the same structures are used in this particular

30 embodiment. The joystick 20a is affixed to a rod 134,
which extends through an aperture 136 into the volume
defined by the enclosure 100. The rod 134 terminates in
a pivot point 138, which pivots on a switch base 140.
The switch base 140 is secured to the enclosure 100 by
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opens to the cavity 126, which is used to store a plurality of tenplat
overlays. -Figure 2M_which is a partial sectional viewtaken subst anti al'f
al ong the plane designated by the line 2M 2M of Figure 2A, shows the
details of the joysticks used in the input device of the present

I'nventi on. The details of Figure 2M are repeated for both joysticks 20a
and 20b. Nbreover the details of Figure 2M are 90- degrees rotationally
symmetrical; thus, -while two of many structures are shown in that figure,

actual Iy four of tEESu?aQEré&é Ugd 3OS A Q:dJsé‘ébéﬁ&t @én&@[’%écfﬂh%-l44d
enbodi nent. The jO}{lStICk Oa 1s afti xed

whi ch extend
t hrough an apert ur 87138 37 POYREcHHLY RPRRNeS & E?et?fé“cﬁf'é’lr&sﬁ?% 1(5'%@ The
rod 134 term nat esapartupe voB6pdisntselded \iby chnpianpudapn s@adwiltdsh Badee 140..

The switch base 14Qnh§18£C4¥ Qhilka ki@s el RS LA BiYe roa393kOsKd KHLWS

142a-142d to several standoffs 144 4d, ‘which ar hysi cal | nnexed to
the encl osure 100. °“fRE %%;e[ é 1‘%8“‘] éﬁalwso’faiﬂganmﬁ% edf 14% the

annul us of whi ch fenclesurg 1 @dntihe hapewkixis bya sdnmpn mmmdS-edge of
which is physically annﬂi@Qngﬁlci%aeﬂﬁgoéqﬁ-d]e%Qe@tfi—é’l&icﬁpaftwﬁcm/
common net hods. ThegEOXS%t'zC has ﬁ 14 degtgl gfg of notion, bout

t he pivot point; = oy E°&3 En* g % O BeTT ng.
perfectly per pend| debaees ofnawe belingepepfectdy Pl?}rpetlﬂécubw ft@hth%aBJeanel40 in

virtually all ibraekifes. byl N@heodsdBdchiapddeur 199 t £ afsltrttahm argm

150a- 150d physi cal | )_{ ange%]gg.thﬁreetr%d '{gg actuator ars 14%tg E oc ted
proxi mate to four nmonmentary pusﬁﬁu oh BVt ThéS™T

whi‘ch are physi cal IW%ﬂh@%cPhﬂélﬁﬂélxvﬂﬁ‘tﬁ*eSaﬁeﬁw T%@%%@F%d
swi tches 150 are camaBi gheelbeatddpronimmdte e fiouystubker GomeSmohemptased

fromt h_e per pendi Cﬁh@fxbu@@&xorswggéﬁegf 150a-150d, which are physically
15 annexed to the switch base 140. The arms 148 and
switches 150 are confiqured so that when the joystick
20a is displaced from the perpendicular, one or more of
the arms 148 cause a closure event of their associated
RS switches 150. Thus, motion of the joystick 20a is
20 detected by closure events of the switches 150. In the
alternative, the joysticks 20a, 20b can be implemented
by other structures, such 'as potentiometer-based
systems, which are well known in the art.
Referring now to Figure 3, a block diagram of. the
25 circuitry within the input device 18 "is shown. The
input device 18 comprises the touchpad sensor 122, the
overlay sensor 124, joystick sensors 200a, 200b,
coordinate determining circuitry 202, overlay detection
circuitry '204, a 100 millisecond timer 208, and
30 interface circuitry 210, all connected in electrical
circuit communicatidn as shown in Figure 3.
' The coordinate sensor 122 and overlay sensor 124
are as described above in the text accompanying Figure
2. The coordinate determining circuitry 202 is in
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the arns 148 cause a closure event of their associated sw tches 150. ™~
Thus, notion of the joystick 20a is detected by closure events of the
switches 150. 1In the alternative, - the joysticks 20a, 20b can be

i npl emented by other structures, such as potentioneter-based systens,
whi ch are well known in the art,.Referring now to Figure 3, a block di agram
of the circuitry within the input device 18 is shown. The i nput device 18
conprises the touchpad sensor 122, the overlay sensor 124, joystick
"sensors 200a, 2©®b¢unbom¢hmuthadéberwiﬂhnghelbadraigaﬁaxhenmmmﬂuzg,

detection cf roul tthe Hbersive Wikodiebl) SARNhnd 18R 180%11 AUbAcRberface

C|rCU|try 210, all .connected in electrical” ¢ircujt, communi cation as shown

in Figure 3. The &&BFHiFH-e 's"Eﬁs‘E)?"er'?a&ﬁddﬁE%F’P%&“?eﬁé‘BF“?&We?roé as
descri bed above i ponfitgumsa tecaorgrn phaeledurical. sigidles coerﬂrcmatthe

det e(rjm mt ng ci rscuu:ayaﬁo&é Sseltngo]; 133 Sh&%é&eﬁ?ﬁ‘i@%}fé&‘t}%ﬁh‘éﬂ tg q
coordi nate sensor e interface ¢j n i secon
e 208, The cB8IE) YaTes GoEFRPRIAEL i %%ﬂ%ﬁgnc%ﬁfﬁlfwt@amk '
accept the el ectr byatheifjmges, 288y Iu@dl,herctbe dlikec Fonsexamd®,and

determine the X- a)&hé md\im%él §eﬂ§$ﬂ@%12ﬁ9.§|r§5mm&yb@ &Q&sdxocmaan of
or e

the touch by the fjnger i Xa

coordi nat e sensor H85ePerSinaets agtprRinta i Siser pad FLHL Gromgeas8°

det ermi ni ng ci¥cuidriyepe2apl| [reseiyerse tor i determing rtébla‘i:h/eﬁslt‘ehdétser m ne
which switch is clkossed, aasaaeeweﬁelnkmm ik heh&@r hrt Andné0Qbgi&o to

transl ate the | ocqbbpm fle LAl Slakiln' 8e2 HERTLOGLAL 46! Hpdslgldels 1o the

pad surface 110 & overl SCLTOn Crr IS 1N Crrcul
communi cati on w t Fatne %ﬁlé(y tee%rpaiizéué?ﬁécﬁhbl?nt erface circuitry

210. The .overlay TRl @@kkDily detection circuitry 204 is in circuit
15 communication with the overlay sensor 124 and the
interface circuitry 210. The overlay detection
circuitry 204 accepts the electrical signal 205 from the
overlay sensor 124 and generates a message corresponding.
to the identification pattern 108, or lack thereof,

20 which is detected as the 000000,, as described above.
The direction determining circuitry 206 is in
circuit communication with the joystick sensors 200a,
200b and the interface circuitry 210. The Jjoystick

senscors 200a, 200b comprise four rubber dome switches

25 150a-150d and the two joystick switches 130a, 130b, as

described above. The direction determining circuitry

generates a message based on closure events of these
switches. -

The 100 millisecond timer 208 is in electrical

30 circuit communication with the coordinate determining

circuitry 202. The timer 208 repeatedly determines the

expiration of a 100 millisecond period of time and

generates a signal 209 that indicates the expiration of -

the period. The coordinate determining circuitry 202
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~circuitry 204 accepts the electrical signal 205 fromthe overlay sensor-124: %
and generates a nessage corresponding to the identification pattern 108, -or
| ack thereof, which is detected as the 000000[err], as described above.

The direction détermining circuitry 206 i's in circuit conmuni-cation with

the joystick sensors 200a, 200b and the interface circuitry 210. The
joystick sensors 200a, 200b conprise four rubber donme swtches 150a-150d

and the two joystick switches 130a, 130b, as described above. The

direction determ nyags ctheUEkiNa0°H6s a&ssdatg%sa%hgaasd 18N tHOSHhREVENt S
of these switches. _ The ,’LOOO&J cond tiner. 208 In"electrical circuit
r

'S

comuni cation wit h*PREEEHD %B‘F%‘fm?ﬁ’ﬂ@‘ Zr]'cuPFr‘y'h?OElkﬂ'HéEtt‘Ter?é‘r 208
repeat edl y det er ni axBixsdeianepiofathenled milliGeriondi perbods pieteated hyi ne
and generates a sigﬁaltgﬁgktﬂy%t indicates t he expiration of the period.

The coordi nate getern1n| the Si nal 209 t%

Cir
detect a change”in the touch’l 5%?%?1 ?lf'(ﬁ"é 5 nge stlﬁ us rbl e i ke
bet ween expi r at i onSowRuURigation Wiltlllltﬁ@cGnQréeM!‘@%isiMGPédg bsynt%ﬁﬂYrmr

116. The interfacgoz¢i rene troverddd &stedt &iﬂdﬁliti:yComﬂl Ctxid OrgaMal h the
coordi nate determ o 2 th overl et cuitr
gfggegéfnqﬁ l}r}lX'. %.g \;Véa ﬁge ser CL_ %) ot her

204, the data processing s&FT 4 1 I
i nput devices, if aﬁberv¥%P4#m9%¥ﬂQQ§b éétaannEl@xthﬂs$%W#4K3datﬁuilne _
interface circuiotrygxtdfsimrcepl.s The GADEEELRS Q:u\balllue? 206t aedeprasl tHey the

e et o BhDfa b S ]  REEeBIdSY Bo039R GeNSLAlSihdy (Ne

overlay detection circul € nessages
di rection det er ni nFﬁBeE'P’r’&:’tﬂ‘l ngrtz'%trarnaoer aarever ‘"ﬁfféﬁgFrﬁ‘%}F?ﬁi’c’?% to
t he data processi nhy the overlay detection circuitry 204, and the messages

generated by the direction determining circuitry 206 and
15 transmits any such information to the data processing
unit 12 via the serial data link 22.

All input devices' are daisy chained to the

_ processing unit 12. Thus, the interface circuitry must

ﬁﬁﬁ& pass any packets from other input devices on to the CPU

20 -30. As_will be explained more fully below, each input
device connected to the processing unit 12 has a unique -

device number. The device closest to the processing

unit 12 has a device number of 0, and the farther away

from the processing unit 12 a device is, the higher its

25 device number is. However, the input devices are not
aware of their own or other devices’ device numbers.
Thus, each device must add one to the device number of
any data packet passed from other input devices of the
same type. Any input device in the chain with a device

30 number greater than fifteen is ignored.

For example, assume that three input devices of
the same type «a, B, and ¥y are connected to the
processing unit 12 as follows: a is connected to the
processing unit 12, g is connected to a, and y is
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unit 12 via the serial data link 22. Al input devices are daisy chained:
to the processing unit 12. Thus, the interface circuitry nust pass any
packets from ot her input devices on to the CPU 30.- As w |l be explai ned _
‘nmore fully bel ow, each input device connected to the processing unit 12 has
a uni que device nunber. The device closest to the processing unit 12 has a
devi ce nunber of 0, and the farther away fromthe processing unit 12 a

device is, the higher its device nunber is. However, the input devices are

not aware of theircéontedttedtthep. dem&%"tor@ev&cleagu&rrgg{@ceTmere%%hodew ce
nust add one to thg (devi, cgfgynberx‘%fr 8 u]Slata packet passed from ot hér

i nput devi ces of the same & MY F&G X35 3 AEVERRi HRReEh o4
devi ce nunber greafer Fﬁ&nqt £redfViiges gAbe edot Favarxanf| thedssawe bthat
three input devi cestivdr tdevickanmbgpe. a8, EabRl dévidiGendd’ GtsCowneahed to

the processing ynif, has fi@hl gv\r&TVléﬁ n%m%ggnggtgd to the processing unit

12, [err] is connected to a, an connected to [err].
Therefore, a has a devi dBeRURIRASSSS & d3%a Prokas te dbei proeessiag vhit, and

y has a device nunbz; tHe Hefalhle abhfte AAMIKRES o2l 6 DOt caMEddt ,OfbelcRakE ovvn
or ot her device nu h at acket s Wit
&b\}ﬁm%ms’é@% tg%é I%%Qgglttésurﬁ% tl% aﬂgwevesr i 6 aﬂ t 12

devi ce nunmber of asses a ta ac € proces
the default deviceY rﬁllrﬁfbrseﬁfi gata Ragkels: Wl'ﬁ’éc%ui?é’l&% Bumber afi 0.0 The
processi ng uni L012remédypvcher sifetrijorgndagyh ai@ac&emhgim ﬁacthf& Aevlith a

devi ce number of - Onumifo: IANBAYEL palska! b Tﬁaf ‘ﬂ}% 6opdds: Y8akg Lhe

devi ce nunber of pacg es a packet -
fromy to a, [err]P¥ oﬁ‘fé’"’t i Heh c%dqﬁjrfﬁ?r Vd-lcﬁl AYPRE - packet
fromy a device nubikerehy %Vlngkbhesmchdsterfmmpasaeéevime yhuidiex packet to

t he Likewise, when a passes the y data packet to the

15 processing unit 12, a adds one to the device number,
thereby giving the packet from y a correct device number
of 2. Thus, each device in the chain adds one to the
device number of each data packet from- devices of the
same type passed on to the next device. -

20 . Therefore, in addition to passing on data packets

received from other input devices (if any), the

interface circuitry 210 adds one to the device number in
any data packets from devices of the same type received
via the serial data line extension 23. The interface

25 circuitry 210 passes the data packets with modified and

unmodified device numbers to the data processing unit
12. )

Using the system 10 with the input device 18 of

the present invention is very straightforward.' The

30 input devices send data packets to the data processing
unit 12 via the serial link 22. As mentioned above, the
input devices interface to the CPU 30 via the I/O
coprocessor 36. Each input device is daisy chained to
the next input device. The I/0 coprocessor 36 receives

-
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processing unit 12, a adds one to the device nunber, thereby giving t he i
packet fromy a correct device nunber of 2. Thus, each device:in'the chai.n -

adds one to the device nunber of each data packet from devices of the sanme
type passed on to the next device. Therefore, in addition to passing on -
dat a packets received from other input devices (if any), the
interface circuitry 210 adds one to the device nunber in any data packets
from devices of the sanme type received via the serial data |ine extension
23. Thelnterface r 1 pa se t he ets. with_nodified and
unnodi fi ed device nglﬁb%rgs? chg & ?’6%%5%%1 rﬁ&lfﬁt"t}é’ﬁfdrstthé’ utystem
10 with the input @BHF@e mpansK. the present I nvention is very

strai ghtforward. The gl dsyi cig%_&engllgatatagckp;@ E@ tbgededd 36
processing unit 12;y aI ment i on t he i nput
devices interface 10 ?#J}’%U% t}ﬁe Ve, 535?833%‘30%’%&%&%?55

devi ce is dai sy Schilfetingdet H?étﬁe%& Ii/RpperyAsc et thﬁ]@@ﬁf@cewn@tﬁs%r 36
recei ves 34 t hedelaémhacltmESnamHeﬁtafeslctlhaerﬁlln&eatﬁérﬁistt Neddesst put

(FIFO manner. Evegye E&’U'TBEﬁd Ck;xumLQF th[ Odeg éoqnetgggg? I/q,é;n%‘?arrupts _'

the CPU 30. In res onse accesses_the sing t ASO
of the coprocessor %nﬁ??&derﬁ%eeMPMePbﬁYetlcl@'é‘esl‘ﬁ%fe ’Fme$a9tf
access by the CPUdeuick thessagesbare sHowrtldywi ¢Renesisbgamlow0 be

transferred, as expl ai ned above The ten types of deV| ce massages are
shown in the tabl Fr"—a-vv Am £ == Byte 2
Byte 3 ByttOe " ofrBte 0 i Scan
N A N A (Pg 2)ee . . Code {Mouse
4 1 g '
Mouse 4 1. 0 Mouse Mouse Mouse
15 || Psr2) Byte Byte 2 Byte 3
1 (X Dats) | (Y Data)
(Buttons)
o Switch Variable| Device 1 Button Button Button
i Closure . 1-255 | Number in States States States -
Chain 0: Open { (Optional) | (Optiopal)
1: Closed
Joxstick 2 Device - 2 Switch N/A N/A
(Digital) Number in Closure '
Chain /Open
Code
20 |} Coordinate 4 Device 3 Button | Delta X | Delta Y
(Relative) Number in States
Chain
Coordinate 4 Device 4 Button | X Coord. | Y Coord.
(Absolute) Number in States
Chain
Touchpad 2 Device 5 Overlay N/A N/A
25 Overlay Number in Code
Message Chain (0-63) .
Action | Variable| Device 6 Action | (Optional) | (Optional)
Message 1255 | Number in Button
: ' Chain Data
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(PS2) Byte -

o : Byte 2 Byt &3}

Dat s) Y Data) (Buttons) Switch. Vari abl e - Device | -
But t on But t on Button Cl osure - 1-255  Nunber in o

- States States States Chain .~ O Open (Optional)
(Optional) 1: Cosed Joystick 2 Devi ce : 2 Swi tch
N A NA (Dagital) Nunber in Cl osure Chain
/ Open Code Coordi nate 4 Devi ce 3 But t on Delta X
Delta Y (Relative) N er—H—— St-at-qs—Ehai
Coor di nat e 4 SysteaDev/|| ¥agiable | Device] | 14 BuBfte® | ByteGoqr Bye2Y| Coord.
(Absol ut e) Passq\| r1-35% | Number in | St at es| ©piopad | ToRtEMPald 2
Devi ce 5 througp, | Jf | ay Chajnp ! LA _Quprlay
Nunber in Initisli- CpueiafHSSBERe | 15 Device | Milg@otle | Mfg Code
(0-63) Action S [Vamticablp 1-25De{\Nu@®er in | 6] Type KCByrean | Bt ifonal )
(Opti onal ) I\/Essagel Message] _ P55  [Nuffsir | n | ) But|t(@micomh di n
Dat a 35 System Vari abl e vice 14 Byte 0. Byte 1 Byte 2 Pass-
1- 255 Nurber in ( Opt i diakl¢:) Input Dpyice Maesriey Strdafstigh Chai n
Initiali- Variable Device. 15 Device Mg Code Mg Code zation 1- 255
Nunber in Type Byteas seByt ¢nl théesssiflie, the me€Baga. structureg| Bye
(Cptional) Table: Lpnuiedodhee: MioopQaShhyG! LAS AR S08RoLY harhalhe. the
nmessage structures are of different |ength and have structures_closely
related to thelPnph? &BGi &éguf'odﬁﬁi’-ﬁﬂstﬂey whdche &hGK( correfpond.  The

device messages in the table are the same for the data
sent to the I/0 coprocessor from the individual I/0
devices as the data sent to the CPU by the I/O
coprocessor., Iﬂ addition to the structures shown above,
15 eaéh message from an I/0 device to the I/O0 coprocessor .
has a checksum to ensure uncorrupted data is sent from
the input device 18 to the processor unit 12. The
checksum is a standard modulo 256 checksum in which the
checksum value is the value needed to make the sum of
all the bytes =zero (ignoring any carry during the
summation). The I/O coprocessor strips off the
before sending the data to the CPU.
the stream of bytes read by the CPU is
virtually identical to the stream of bytes received by
the I/0 coprocessor,'with the following exceptions: (1)
the first byte read by the CPU is the special byte
containing the number of ticks and the number of I/O

device messages and (2) the checksums are missing.

20

" checksuns
Therefore,

25

The PS/2 mouse and keyboard devices are supported
as device type 0. The keyboard has a chain number of 0
and the mouse has a chain number of 1.
are supported by the I/0 coprocessor using the existing
PS/2 protocol via the serial data link 22.

30

These devices
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device nmessages in the table are the sane for the data sent to the I/O "
coprocessor fromthe individual. I/0O devices as the data sent to the CPU by_
the 1/0 coprocessor. In addition to the structures shown above, each

-message froman I/O device to the I/O coprocessor has a checksumto ensur e
uncorrupted data is sent fromthe input device 18 to the processor unit 12.
The checksumis a standard nodul o 256 checksumin which the checksum val ue

is the val ue needed to make the sumof all the bytes zero (ignoring any

carry during the summat iraRg. dené;betyﬂé Q LOpffiERIsar fout a‘epSce@f&ltm he

gpegttsggsreggf gget’ﬁ%%ngb&???%al I §’ taeﬁ% rcl’gtetsolrj?h 'p&{rea ngeft eam
recei ved by the |/@F cffbdaddons aRnhbe htnpw |onithe SYESSH b‘ﬁé"g tr¥st he

first byte read bymddadePWybs.t hep&pasiittlonBy hfe COSHEI 48 NY Ided calnBERO of
ticks and the numhgt. ol chbSedY G IPgsR0e5A0d {Aocilie, Chge ks YA

m ssing. The PSI'2 nouse an Oar eV| ces are supported as device type
0. The keyboard h%lsva&‘J@W&PnlﬁmerﬁsaGeand t he nouse has a chai n nunber
of 1. These devices ar @igtippDridgtiykheshdOazogogsessks 20H ,n@obhare

existing PS/2 prot %.g%ofge% ta[%h Sl tg@%ugt' nkrh%% areBQwEh'ﬁy@%‘ibﬁg type

1 is intended for mult ons. E%c by es g
buttons per byte) wsmesuw*éhsem tuchpadt 180 t 1Eyjs‘f 1K BgSt Ai s
nmessage type. 1i6Gpeanbglid ahaiar ausbar. asgath qgiftaljoysEieknhid eodd dded3butt ons

are sent as a 109l galy O eedf Sulad oo Aol ol eogih 13E858a% 0 D2l 4

joysticks, such as [oystic are su as devi.ce

There are two joysfr RE-dssokdsh é&yﬁf%ﬁke‘é’tﬁei’ﬁ’aﬁ agd f?endﬁ’éﬁ'?y‘j o?éﬁ ck
has a uni que chai nmessdpy is Batixédflengthshessages o@éCélJ. that digital

joysticks sensors comprise a number of switches 150a-
15 150d. The message is a byte representing up to eight
switches, which include the movement sensor -switches
150a-150d and data input switches, such as switch 130a.
The individual bits of the message byte for this type
Sk - represent: up switch (MSB), down switch, left switch,
o 20 right switch, switch #1, switch #2, switch #3, and
switch #4 (LSB) . The joysticks 20a, 20b included with
the touchpad 19 only have one button 130, which
corresponds to switch #1 above. The other three buttons
-are always reported as zero.
25 Coordinate devices -such as mice and trackballs are
reported as device type 3. The first byte follqwing the
ID is to report any button information for the device.
Up to 8 buttons can be reported. The next byte is a
delta X value followed by a delta Y value. The delta X
30 and Y values are based on the last reported position of
the device. The application programs must convert these
values to absolute coordinates, if necessary. The
maximum movement is 255. If the actual movement exceeds
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5, 7, 9, etc.) and each right joystick is even (0, 2, 4, 6, etc.). :° R
Joystlck i's reported independently. The message is a fixed Iength message.

" Recall that digital joysticks sensors conprise a nunber of switches 150a-

1150d. The message is a byte representing up to eight sw tches, which

I ncl ude the novenent sensor sw tches 150a-150d and data i nput smntches,
such as switch 130a. The individual bits of the nessage byte for this type
represent: up switch (MSB), down switch, left switch, right switch, switch

#1, switch #2, swifgh noad # epd Wsid CKkgn0ay 2Qb
included with the st%dugﬁ go‘éd Eu%? é?n ?g)soﬁéﬂbﬁtton 130, V\::FI?C
corresponds to swftlé‘}‘?d#}eﬁ‘é%é“esﬁ?geot her three buttons are al ways reported

as zero. Coordinate dev‘mnestsuellipaas 19 cks asdpportddald sdevirce cpype edl. as
device type 3. Thedy tdQ¥§.8ee[; ol O\N'tﬂgst headilke! St e.r eﬁ’Qfltud@'WaHHi.éQn

I nformation for_the device. buttons can be tg_‘ar The . ngxt byte
s a delta X vaF ud FAEGHEY b'gh"a %’e‘Tst% bytgafabloviek trg %5aH5%Y V2l ues
are based on the |mstortepmitited potbthnaniaf. t MEhalevexte. byite Bpphsedit ton

programs nust conuSddortheRe Mddittel @ FSQliMhe GoR dhBBigce v bbsheesssary.
The maxi num novenent is 255. |f the actual rmve 2 %ﬁ)?é‘ge@ Sf?‘ 37_255
["e

then two or nore mESSHYEs Wi S°IWE EENt . Thﬁ'h?’%s‘?lé‘ Fe2Eqe

message.
The touchpad 19 i seaupgobyte asddawe chinifed o & hange dlﬁ/loc@§5 i nThifj s

device type ifclide 3Rak0TeheMstiddsage. The first byte following the 1D
absol ute X position T 8ua{a%$“f‘nv@r@aaas+$‘%ea%%x%eﬁéﬁﬁeéﬁ 2t VAR bR 1T
absolute X and Y V@l u@sughpadaeveriladys eransenged usingcthe FPita F§ser :
0-255. This is a f3xeth +RI%BuBRSS2JE When an overlay change is sensed
by the touchpad, a message is generated. All overlay
15 codes are application-dependent and the application
program must recognize the codes of each overlay. This
message is a fixed length message.
The action message is used to define a common set
i of predefined device-independent functions that can be
i 20 generated by multiple device types in different ways but
are used and interpreted by the system and application
programs in the same way. Action messages are reported
as device type 6 using a variable length message. In
this particular embodiment, three device-independent
25 functions are defined and associated with the lower
three bits of this byte: START (start an activity or
process), PAUSE (pause an activity or process), and
SELECT (select one of multiple events or actions),
respectively. The bits are set to report these
30 functions. All other bits are reserved for future use
and are reported as zero to the CPU.
The system pass-through message type is used to
handle any device types not applicable to any previously
defined device types. Message type 14 is used. This is
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Touchpad overlays 102 are reported as device type 5. Touchpad overl ays™a
sensed using the 6-bit sensor 124 in the touchpad. - When an overlay change:
i s sensed by the touchpad, a nmessage is generated. Al overlay codes are
appl i cati on- dependent and the application program nust recognize the codes .
of each overlay. This nessage is a fixed | ength nmessage. The action
nmessage is used to define a conmobn set of predefined device-i ndependent
functions that can be generated by nmultiple device types in different ways

but are used and wnigrpasiedidhgtteniagen apdsapptididOrthy @grtamdsi n the
same way. Action_ nessages are reporjed as_device. typ ing a I abl e

| engt h nessage. Fﬁvfﬁ?s ezﬁqﬁe %Ié?’e %dfﬁgg%?afﬂ?%egﬁgﬁgégglndé%%%dent
functions are def RREYioakiqsustdeeansdiatie this [tower of messaget nt? 1§ s
byte: START (stakbqairédtfutidtioahlpepcess), PAUSE (pause an activity or
process), and FELECT (gl §GL50"Re0ladd!! &Rl 82BN WUV iBCALON type
respectively. The bits "are Se O Treport these tunctjons..  _Al )
other bits are redfrvetR¥orist ysgfetasteldndhg sYFEgdted 3s99% e *8-1the CPU.
The system pass-t beadghinpassageshype. i S Meiad nesdagedlad sanydeddnese thepes not
applicable to any L0 | Vi t Yaessea VMBS SagSottY Pen s
used. This is fg‘%g%a‘%vg%’% fgé*ﬂt}ﬁ%ﬂhj&ne@gégég Bgf inition of t h%&dat ais
devi ce- dependent FRASi &S P pIAROL6n 1ePBER {ReSSa9eEach appl i cati on nust
transl ate thi sidype of omsspafen Howerhapr agdi 56dnsudotevvals t yEheTHY X | r st

message f1om each Aeybleddr IRULAE RS daterilies drdt Uoffarsioh® deridi

systemthat a devic send 1 nput nessa%gsu Th) s nesga%ﬁ aksqggffines
the future device PS8 thfat dGFPFIRe EBE (HPEAEBFICINHURDS TRIS™ s A
vari abl e | ength m=ys&gs.and sends a configuration byte to the CPU. This

is the first byte the CPU receives from the I/O

15 coprocessor on power up. The I/O coprocessor will only

generate a module configuration interrupt when a change
is sensed; a change in cartridge status causes a system
reset, thereby causing the I/0 coprocessor to send:

oon another configuration byte to the CPU. The appropriate -

o 20 bits set in the byte sent are set to indicate the
presence of the associated item: bit 0 corresponds to
cartridge 1, bit 1 corresponds to cartridge 2, and bit
2 corresponds to the optional CD drive. The other bits
are set to ZERO.

25 In addition, the CPU can transmit data to the I/O
devices via the serial 1link 22 by writing the
information to the I/0 coprocessor 36. Data bytes are
written to I/0 port ASO with each byte prefaced by the
byte 03H. The I/O coprocessor writes these bytes to the

30 I/0 devices. This capability is used to send data to,
for example, a printer (not shown).

Interfacing to the input device having two
joysticks and a touchpad with an inscribed default
template graphic image of the present invention is also
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On system power up and 50 ns intervals, the I/O coprocessor scans the =~ = 7
cartridge and expansion sense lines to determ ne the configuration and
alert the system and sends a conf.iguration byte to the CPU. This is the
first byte the CPU receives fromthe 1/0O coprocessor on power up. The
|/ O coprocessor will only generate a nodule configuration interrupt when a
change is sensed; a change in cartridge status causes a systemreset,

t her eby causi ng the 1/0 coprocessor to send another configuration byte to

the CPU. The appEQPﬁiﬁi?fo@wE%dset%ﬁ N i) Eehéﬁaﬂiexareeceeahﬁ@ déneat e the
presence of the associ ated

it orrespon s.to cartr bit 1
corresponds to cafFtFithydrom Bhg ﬁ?stte? 86?? &S558 St %aﬁﬁﬁ(?b‘t#%%dlnpeﬁ drive.
The other bits ar@egites ovZ&R@hel nitRideopoocessry GFU carfher abRtAnrugsta to
t het Ih/ OI ?%V' ces Ylhﬁdlélggmeﬁéiy ai)lacl:ézé1 kanQZtrQ?(smiMélbhi@/g 5rbﬂe tihaf (Ir/@ﬁ'; Ihon

o the copr.ocessor es are

each’ byte pref ace§° B§°‘f?‘?es°5y'ltj:gé 05?—?% ‘@‘”ﬂg%b 2‘88&: th’}t 5° §:r(%e\sge byt es
to the I/ 0O devi cesxecUhing cupdivel CPY B9 podd tl‘cﬁ ma&ana §b5t%r3165§anpl e,
a lorlt nt Er (ngt SP%%%odiaéHﬂyf afildta é&twtali‘é 1?'1%E|!|£up€jeﬁdlucﬁetéﬁt\&lﬂ&9 ift wo

joysticks and a touchpad with _an_inscribed _defau a mage
of the present m?@ﬁt? TGS e ST e YT r#f SPWaéh rg)n %ﬁ?g"rq%é%tce#andl er
executing on the GPUthe @PMQ&@%S’F@%&@@Y@@@ \f@?’-’é&#ﬁgﬁb‘fﬁ%%em nput
devices via the | HespoRs®ORS e dbftwaddeintdrafuppt handl er nerely pl aces

any transm ssions from#}&e I lgéggg,g?%gs'ﬁ&rog%gmgntﬂom’g}r ytﬁé C%MAtcat I on

prograns executing on t eratl ng syst em
periodically via &esplatare % eﬁ%p@eiﬁlﬂétﬁw#ﬁq foEaRRLcH Pt eneh®
received. |f so, defteptéde coiaubvesiad t<erdesr apphi catllondetegtarmsllby t he

operating system i‘I:Q'ansmission—type identification patterns 108, i.e.,

15 000000,), then the application program operates
responsive to the default template. If, on the other
hand, a template overlay 102 is detected, then the
application program operates responsive to that
particular template overlay 102.

20 While the present invention has been illustrated
by the description of embodiments £hereof, and while the
embodiments have been described in considerable detail,
it is not intended to restrict or in any way limit the
scope of the appended claims to such detail. Additional

25 advantages and modifications will readily appear to
those skilled in the art. For example, a QWERTY or
other type of keyboard could be inscribed in or on the
touchpad surface 100. As another example, the
coordinate determining circuitry 202, overlay detection

30 circuitry 204, joystick circuitry 206, 100 millisecond

' timer 208, and interface circuitry 210 can all be
implemented in a single microcontroller. Therefore, the
invention in its broader aspects is not limited to the
specific details, representative 'apparatus' and method,
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response to the software interrupt. The application ' prograns nnnitor'the '

current tenplate. If the default tenplate graphic image is detected (the
overlay sensor 124 will detect all transm ssion-type identification
patterns 108, ie., OOO0OJ err]), then the application program operates
responsive to the default tenplate. 1f, on the other hand., a tenplate
overlay 102 is detected, then the application program operates

responsive to that particular - -tenplate overlay 102. Wiile the present

i nvention has bee | 1 ust lpti f odi r eof ,
and while the enbg ?negééh%%%gtgien eg§§£%ed |§gc§ns% rab J%f%?p, it is
not intended to rRSEPFTINDY /i ﬁ%@ﬁytﬂﬁﬁslP%Ytb?h%aéﬁxﬁﬁPWﬁs% ferted
clainms to such dewathout Addparvimd dvanttagesspixditrodrf ispeonst witihe
readily appear tO0,5B056amkid 'g%qekaltn‘?vé}rttm cbREegXanpl e, a QAERTY or

ot her type of keyboard couldbe inscribed in or on the touchpad surface
100. As another exanple, the coordinate determning circuitry 202,
overlay detection circuitry 204, joystick circuitry 206, 100 mllisecond
timer 208, and interface circuitry 210 can all be inplenented in a single
m crocontroller. Therefore, the invention in its broader aspects is not

limted to the specific details, representative apparatus and net hod, 40
and illustrative exanples shown and described. Accordingly, departures
may be made from such details w thout departing fromthe spirit or scope of-
the applicant's general inventive concept. W claim
«a-ﬁ iy
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- 1. An input device corrpr'i sing: (a) a pad surface exposed to all ow_coﬁ':t':éi;é_
by a finger, stylus, or the like; (b) a retainer for renovably securing .a

t enpl ate overl ay proximate to said pad surface; and '(C)-—F:LLL_pad\

proximate to said pad surface for generating an el ectrical signal
" responsive to a stylus, finger, or the like touching saummmngmnj
touching a tenpl ate overl ay proximate to said pad surfa Wﬁ“ pad
configured such that said electrical signal corresponds fo the cdordina
of the location togehetaimherein said pad surface has an inscribed def ault
tenpl ate graphi; [ ge Ss.QcCi tgd therewith. .2. A touchpad conprising: (a)
a pad surface expos APPSR SEMEER CBPTASEM ber, stylus, or the |ike;
(b) a retainer Ror renovﬂ'ﬂil Y gedursurdaget exposace m/@rlllaiyw ;ﬂ@%iaﬁﬁt byte said.
pad surface; (ch areRgés) ra_tyquggrnggrtym qggk@@te to sai d pad surface for
generating at | gast one ectrl ig res ve a styl.u nger,
or the |ike touchl ng sai @’)pad su?ﬁ'&%’é g?rt %gy s?% Jrna‘{ ea}/ovzﬂﬂlat
proxi mate to saisd pHErkay fm@e‘lalﬁ&esmCFQJ@oPdfina@Jef%”is@mdconf|gured such
that said at |eagst one elfctar ic@abhaia@nﬁéoﬁ@faltesaensslappichesnc:q&rdéi Fakes of
e urCatlon t uehElne if LhOLTLBRSEAY OLLHE! &40, 3810cP88 FuidAGE, (©)
coordinate determniLng cIr PR CIFCUrt JCommunicat on W t sai d

coordi nat e seﬁsoifmg?ﬁr @&t eF nilddkef r BPRAHING afaidadrdonsuefake r oFal
signal the coordi ngbashixigt he séyplite f bgelay Oprokimat&e tioousaidig pad 42

said pad surfagy Okyulpyel! Qa? shalP!@hRnBYE" BN e PLOFLd LA O thatd S23d
11

surface; and . .
electrical signal corresponds to the coordinates of the

12 location touched;
13 wherein said pad surface has an inscribed default
14 template graphic image associated therewith.

1 2. A touchpad comprising:
2 ‘ (a) a pad surface exposed to allow contact by a
§§§ﬁ§ 3 finger, stylus, or the like;

4 (b) a retainer for removably securing a template
5 overlay proximate to said pad surface;

6 (c} a coordinate sensor proximate to said pad
7 surface for generating at least one electrical signal
8 responsive to a stylus, finger, or the like touching
9 said pad surface or touching a template overlay
10 proximate to said pad surface and said coordinate sensor
11 configured such that said at least one electrical signal
12 corresponds to the coordinates of the location touched;
13 {(d) a rigid base proximate to said pad surface;
14 (e) coordinate determining circuitry in circuit
15 communication with said coordinate sensor for
16 determining from said at least one electrical signal the
17 coordinates of the stylus, finger, or the like touching
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(f) interface circuitry in circuit conmunication with satd - coordinate
det er m ni ng circuitry . for communicating t he det erm ned coordi nates to
devi ces external to ‘said touchpad; wherein said pad sui[l!l\lm"'“uﬁ ll””“l

i nscribed default tenplate graphic image associated th

conput er system conprising: (a) a central processing uni t (b a
menory circuit in circuit comrunication with said CPU, (c) a V|deo circuit
in circuit conmunication with said CPU and said nenory for generating an
el ectrical sigRal same dlsﬂ&ftaeea tstsuabmtm@e 0 Renglspé ayeebraayd

vi deo di spl ay device gaera L nt rface ircuit in circuit
cormmuni cati on Wt hP Egﬁ%F oFa t BPF &t S|gna s fromexternal devices
to said CPU; (@P a pad sif)f dekesfpoeecdireuttnbvinc irsuditpgogmpnigation
stylus, or thehik@githf) saiket abswraiindte’ en@madniniagur idigoniteypl et
overlay Prox M Lo Sl LA SULLEC Gt Tk Ref CUALBEBeSENSY BLPHATL© 1O
said pad surfa rgener a Ieas one el ectr si gnal responsive
to a stylus, fﬂﬁgePXtGFnQ}m¥q|S@édt§95ﬁhh§@sald pad surface or touching a

ténpl ate overl ay proxi matRrednsahildPpdd Bifface Ras @fiihscrdbdindésasidnsor
configured suc hat ol t e rresponds to the
coor di nat es of sLe% 8@.2%?%?#]{:“&%% &ﬁggﬁ)ésggéla%%dbg*s‘gp&%%é?nate to said pad
surface; (i) coordinate determning circuitry in circuit comunication

with said caqordbnate commitar system compghdisdeiger i ni ng t he coordi nates
of the stylus, fjnger, ofay he dekGal OBELLLL ) dnpRd(&stfACe Of touching a

3 (b) a memory circuit in circuit communication with

4 said CPU; -

S (c) a video circuit in c1rcu1t communication with

6 said CPU and said memory for generating an electrical

7 signal corresponding to a visual image to be displayed

8 on a video display device;

9 (d) a peripheral interface circuit in circuit
g 10 communication with said CPU for interfacing signalg from

11 external devices to said CPU;

12 (e) a pad surface exposed to allow contact by a

13 finger, stylus, or the like;

14 (f) a retainer for removably securing a template
15 overlay proximate to said pad surface;

16 (g) a coordinate sensor proximate to said pad
17 surface for generating at least one electrical signal
18 responsive to a stylus, finger, or the 1like touching
19 said pad surface or touching a template overlay
20 proximate to said pad surface and said coordinate sensor
21 configured such that said at least one electrical signal
22 corresponds to the coordinates of the location touched;
23 (h) a rigid base proximate to said pad surface;
24 (i) coordinate determining circuitry in circuit
25 communication with said coordinate sensor for
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tenpl ate overl ay pr'oxi mate to said pad surface; and (j) interface circuitry

in circuit comunication wth said coordinate determming circuitry and
said peripheral ."interface circuit for  comunicatin mnm
coordi nates thereto; wherein said pad surface has an i ﬁmm‘mﬂﬁ“&“

tenpl ate graphic i mage associated therewith. 4. The computert syst ém 6f

claim3 further conprising a software nodule for execution on said CPU
configured to conmuni cate determ ned coordi nates to application prograns

executing on sgid T . - f ' f urd,

conpri si ng: (aika g%bf%nel%éﬁ%g%%égﬁégﬁé%Pz’%l)e%rg%:?% %l:ﬁtsﬁe %Bg,%_ghcgrof

i denti fication2dt rtReurld¥easkoeshing frif PadkenprEfaCHYEF| afPuFHor 2

det ecti ng t he absetemplHteamyerdent pifdoxiaten tet satd pas suflfhce pvaid ay
detection cireyitry I n)CiinedibacoMmaunliall,onnichloast dediiiBliahesgyer ! ay
sensor and said interface_gi rcurtry for genefrating an electri caﬁ S|gnal
correspondi ng £8 it Fd tﬁﬂ‘i’rgilgl’ﬁ'&?urd@é:epéé’b i GArEMLEent?di &3tfon
structures bei A3 dperipheraly datdrfaeel atiecoutr | for seosmunidatifige ithput

device of claiBpl feEdARINEPBbLGERTted Bnetletbeast two joysticks _
operatively as§30| ated wi.th said touchpad. 7. fThe.i npyt devi ce of claim6

wherein said jOysticks aMETFIB; BRHHRRDFITEBCLRAT ATUAPEFTEE dﬁ&&&hgad.
44 8. An input 3deviempakpdraphdc {mdgarasseclieted ethddgwith. t ouchpad
physically annexed .to said enclosure and exposed to all ow contact by a

finger, stylus, .or the Like; agﬁ__ c% gwo | oysti.ck hysj cal | y annexed to
said enclosure &nd Hosi TTONEFEOITET SYELEH J%?o":l%"l’" éa%&ﬁ-g’“ comprising

2 a software module for execution on said CPU configured

3 to communicate determined coordinates to application

4 programs executing on said CPU.

5. The computer system of claim 3 further comprising:
(a) a template overlay sensor for detecting the
presence of identification structures associated with a
template overlay and for detecting the absence of any
identification structures; o
(b) overlay detection circuitry in circuit
communication with said template overlay sensor and said
interface circuitry for generating an electrical signal

W 0O 6 O & W NP

corresponding to identification structures responsive to
identification structures being detected by said
template overlay sensor.

s
= O

6. An input device comprising:
(a) a touchpad; and
(b) at least two joysticks operatively associated
with said touchpad.

oW

-

7. The input device of. claim 6 wherein said joysticks
2 are positioned one to each side of said touchpad.
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touchpad. 9. -An input device for use with a conputer system having &
‘central processing unit (CPU) enclosed in a central enclosure conprising:

(a) at least two joysticks having joystick circui ' L
therewith, which is configured to generate joystick si J:I“‘“Wlmlmmu“lo :
movenments of said joysticks; (b) a touchpad having a pad* sifrf &ce®ant *

configured to generate touch |ocation signals responsive to touches of said
pad surface; (c) interface circuitry in circuit comunication with said
joystick circui gry gnd g3iid,du@u .J.gured to conmunicate to the
CPU dat a’ packet s correspor}diﬁr?g tﬁgpfrr%evgéﬁlglﬁ?ggg#’géai d joysticks and further
configured to c8mmuni cat' @)t 87t RRC¥IRYTF4t a packets corresponding to the

| ocations of todches of d4didpadteswhpade bhysidalrper ,arsiededs, tor tshddlike.
10. The input devif€1&durd aisa Qe%gg@rt&ogpiwl REn8fct NBYt adeMifRr,

encl osure and \Mgere L] dcg %Z‘Sthc s_and sai d touchpad are physically
annexed to saidi npot deviTe BRclHEE €741,  The input device of claim9
further conprisiéng an i Nt teei doyshitksumbhysidalMigr eimexedd foyskidks and -
said touchpad are physbsiatd yaAdN@eRdtionsédi nkPtd @a¥hCesiRc! §suaand
configured suchst hggu |.d.touchpad is centrally |located on one face of said
i nput devi ce encl osuré and said joysticks are positioned on opposite sides
of said touchpad. 12. The input device of claim9 further conprising an

i nput device enal osgre ad ipareideviabd foRY seC k&t th SSokbutwC jateal €
physical | y annexed ssal d inpus device enclosure, id. touchpad _has a
sourariaf £ oRRtad W fnsina, dni tor el enmiated o0 2

general ly rectangu shape havi ng
' 3~ central enclosure comprising:

(a) at least two Jjoysticks having Jjoystick
circuitry associated therewith, which is configured to
generate Jjoystick signals responsive to movements of
said joysticks;

(b) a touchpad having a pad surface and configured

O 0 N o0 B b

to generate touch location signals responsive to touches
10 of said pad surface;

11 (¢) interface circuitry in circuit communication
12 with said joystick circuitry and said touchpad and
13 configured to communicate to the CPU data packets
14 corresponding to movements of said joysticks and further
15 configured to communicate to the CPU data packets
16 corresponding to the locations of touches of said pad
17 surface by a finger, stylus, or the like.

10. The input device of claim 9 further comprising an
input device enclosure and wherein said joysticks and
said touchpad are physically annexed to said input

SW N R

device enclosure.

11. The input device of claim 9 further comprising an

N

input device enclosure and wherein said joysticks and
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shorter pair of sides, said touchpad is centrally | ocat ed on one’ fat&rof -
sai d i nput device -enclosure, and said joysticks are po“rt‘roneﬁ-—adj—a(;e;nl__r_o _
the shorter sides of said touchpad. 13. A conputer sys n (a)

a CPU enclosed in a central enclosure; (b) first and m‘! ﬁ’

in circuit commnication with said CPU, and (c) atouchp

communi cation with said CPU. 14. The conputer system of claim 13 furt her
conprising an input device enclosure and wherein said touchpad and said
first and second3j ogesid cksueligaghyse C Phlyyizaneyedrinxeai d:d ngalid dawpae
enclosure. 15. [Jhegd ﬁher HEYLEE fan‘H % (}]Suéé'ét h ‘{:8 §i<{‘9c(?%%nk;§8“t

devi ce encl osure_and el n sal secon Joys s an
touchpad are phySi cHf | PR 196‘35%1‘? d°ﬁ‘ npie Erce cef e?ﬂ:’r s’tﬂ@“’aﬁ’&"me
configured such sha¢nslaisthriecandpsalid jogertichs| yrd qeatiedonad osre dpposigé sai d

46 input device enciofdy rad;gaisd ficks are positioned on opposite
si des of said touchpad. 16. The [nput device of claim 13 further conprising

an i nput device enclosure and wherein said first and second joysticks and
sai d touchpad aré phyasi caheyinpuexiyice sofi dlaimmitfurt¢ber ceommenicdioguas,

said- touchpad Baslnﬁ&%1@e| %n&@ﬁ&@?&ugﬁ& §H§P§11‘lﬂa¥éﬂﬂ JsQﬂg:ﬁg g lir of

sides and a shor er %ad sal d tqQuch E IS centra Loca,te
one face of sai d i np d'éQP‘élép%cPﬁgurpé‘Ys&ﬁal Bi AGred c"r& ﬁ?é pdé‘PPFoned
adj acent to the éhd@@c%l dowlgbusej d saidhphoduchpad has a generally

5 rectangular shape having a longer pair of sides and a
shorter pair of sides, said touchpad is centrally
located on one face of said input device enclosure, and
said joysticks are positioned adjacent to the shorter
sides of said touchpad.

VW 0 3 o

13. A computer system comprising:

(a)_a CPU enclosed in a central enclosure}

(b) first and second joysticks in circuit
communication with said CPU; and

(c) a touchpad in circuit communication.with said

N LW e

CPU.

14. The computer system of claim 13 further comprising
an input device enclosure and wherein said touchpad and
said first and second joysticks are physically annexed

B W NN

to said input device enclosure.

15. The input device of claim 13 further comprising an
input device enclosure and wherein said first and second
joysticks and said touéhpad are physically annexed to.
said input device enclosure and configured such that

N s W NhR

said touchpad is centrally located on one face of said
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input device enclosure and said joysticks are p051tloned
on opposite sides of said touchpad.

16. The input device of claim 13 further comprising an
input device enclosure and wherein said first and second
joysticks and said touchpad are physically annexed to
said input device enclosure, said touchpad has a
generally rectangular shape having a longer pair of
sides and a shorter pair of sides, said touchpad is
centrally located on one face of said input device
enclosure, and said joysticks are positioned adjacent to

O 0O 1 o 0 b W N

the shorter sides of said touchpad.

BC9-93-100 (21322-00186) 46
[

eet Has Been Replaced

T



