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Field of the Invention

The present invention relates generally to
coordinate~type pointing devices for use with digital
systems and, more specifically, to a computer system
with support for a touchpad in the operating system.

_ Background of the Invention -

Video graphics computer systems are well known,
popular consumer products. A typical system includes a
data procéssing 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

is usually packaged in the form of a carpridge. The

cartridge is removably plugged into the data processing
unif.' At least one pointing device, such as a mouse,
joystick, touchpad, touchscreen, switch pad, or light
gun, is alss_connected to the data processing unit to
allow the player to iﬁput positional informatisn that is
used by the controlling software to execute the
appllcatlon. _ ' ’ '

The data processing unit typlcally has a single
central prpcess1ng unit (CPU) and associated volatile

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 iﬁterface to the various
pointing devices. These devices are _in circuit

communication. One distinguishing characteristic of.

these systems is the use of a motherboard or system
planar to electrlcally connect these compornents
tégether.

Touchpads are coordinate type pointing devices
used to input coordinate type data to computer systemns.
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is usually packaged in the formof a cartridge. The cartri dﬂ“l‘lﬁl““mm
pl ugged into the data processing unit. At |east one pointing 5

as a nouse, joystick, touchpad, touchscreen, switch pad, or |ight gun,
al so connected to the data processing unit'to allow the player to input
positional information that is used by the controlling software

execute the application.
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stylus) or the 1like, the touchpad determines the
location being touched and reports via some type of
generated signal to the attached computer system the
coordinates of that location. 1In response, the computer
performs the function, if any, associated with the
location pressed. '

Typically one or more regions of the touchpad are
assigned to ‘certain functions within the system or
within application programs such as entering data or
providing directional inputs. The user conventionally
is made aware of what function is associated with which
region by a template. A template is a sheet with a
gr'aphic design and is typically superimposed on the
touchpad surface. The graphic design typically

_delineates or maps out regions of the touchpad -surface

and the regions are normally labeled to provide a
reminder to the wuser as - to which functions .are
associated with which of the various mapped out regions.
In typical touchpad systems, application programs
receive coordinate location data signals from the
touchpad. TFor example, when the touchpad communicates
that the pad surface was touched fifteen columns over
and twelve rows down, the application program must
associate the coordinate 1location with the function
mapped to that particular regioﬁ, That is, the
application program must decode the signal which
indicates region of the graphic design was touched
thereby determining the function associated with the
touched location. '
Relying on each application program to determine
which region was touched leads to several problemns.
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these systems is the use ‘of a notherboard or system pl anar
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First, appllcatlons become hardware dependent. A
particular appllcatlon must Y“know" the resolution (the
number of rows and columns), overall size, and data
format of the touchpad being used, thereby leading to
applications possibly being unable to perform with
various types of touchpéds,_ As technological.advances
increase the resolution of the touchpad, existing
programs may not have the flexibility to adjust.
Second, this requires application programmers to write
into the application programs location decoding code.
Thus, each application program must have its own region-
determining routines, thereby leadlng to unneeded
dupllcatlon ‘of effort and possible inconsistencies and
even errors in the way touchpad regions are supported.
Summary of the Invention

According to the. present'invention, a computer

system is provided with touchpad support in the

operating system.- ~ The operating system has the

following capabilities: (1) to map out geometric
regions of the touchpad and assign the regions to
specific region identifiers responsive to application
programs and (2) to determine the region identifier of
a touched region and pass that'region identifier to the
application program. ' ' '

_ These common capabilities provide consistency and
flexibility to the task of interfacing to a touchpad.

_ These ~énd ‘other advanteges of the present
invention will become more apparent from a detailed
description of the invention.

Brief Description of the Drawings
.In - the. accompanying drawings, which are
incorporated in and constitute a part of this
specification, embodiments of the invention are
illustrated, which, together with a general description
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| ocation. In response, the conputer perforns the function, if
associated with the |l ocation pressed. Typically one or nore re
touchpad are assigned to certain functions within the systemor within
application prograns such as entering data or providing directional inputs.
The user conventionally is made aware of what function is associated with
which region by a tenplate. A tenplate is a sheet with a graphic design
and is typically superinposed on the touchpad surface. The graphic
desi.gn typically defi nemé esimdrentaps Ogiveregiapeve)f ahe the hphakaduetace
and the regions areq Quilibn! GHAIP el Bu MO Eolek il the! r il giSEr S
ed wth whic h 3

to which functions are .assqci a of the various mapped out
r egi ons. of this invention.

) _ . This Sheet Has Been Replaced
generated signal to the attached conputer systemthe coordrnatE Jlu mluml

o e figures from "pefault Tenplate"
5 application. ' _
Figure 4 shows one possible configuration of a
touchpad mapped with the operating system with touchpad
support of the present invention.

Detailed Description of the Preferred Embodiment

10 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
thereto. Also connected to the data processing unit 12
15 is a standard television set (TV) 16, and an input
. device 18, which has a. touchpad 19 and two joysticks
%ﬂﬁﬁ 20a, 20b. - The input device 18 sends to the data
processing unit 12 coordinate type data corresponding to
the location of a touch of a finger, stylus 21, or-the
20 1like on the touchpad 19. In addition, the input device
18 sends to the data processing unit 12 directional type
data corresponding to movements of the joysticks 20a,
20b. Although not shown in Figure 1A,  the standard TV
16 can be replaced with a pair of speakers and a display
25 device that accepts a composite video signal. The input
'~ device 18 connects to the data processing unit 12 via a
serial- data link 22. The TV 16 connects to the data

processing unit 12 via an RF video line 24.
The cartridge 14 has an edge card -connector,
30 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

12.
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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
connected to a SY'STEM' bus 34 generated by the AfV
controller/coprocessor 32 from the SYSTEM bus 31, first
and second decoder chips (not shown), an I/0 coprocessor
36, two cartridge connectors (one indicated at 28, the
other not shown), édditional'circditry 38 required to
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. | _
The CPU 30 generates multiple buses: -a DATA bus,

an ADDRESS bus, and a CONTROL bus, as are well known in

the art. These three buses are ¢collectively referred to

as- the SYSTEM bus 31. In the preferred embodiment, 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 also available from Intel Corp.
The 80376 differs from the 80386SX in that the 80376
starts up in 32-bit mode, rather than '16-bit -mode.
Specifically, the CRO register is forced to a O0011H
(0011 in hexadecimal notation) state with bit 0 forced
to a logical ONE, effectively making the 376 operate in
a 32-bit. memory 'mode. Paging is enabled to allow
virtual 386 operation.

The A/V controller/coprocessor 32 generates three

spare general purpose I/0 decoder'lines {GPIO1l, GPIOZ2,

and GPIO3) from the SYSTEM bus 31, each providing a 32-
bit I/0 address range. The general purpose decoders can
be used to provide three active low chip enables to
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.touchpad bei ng used,
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decoders are used to decode address ranges to the I/O
coprocessor 36 (GPIOl) and the two cartridge connectors

(GPIO2 and GPIO3). The remaining circuitry of the a/v

controller/coprocessor 32 is discussed below.

‘The system memory 33 comprises screen RAM, system
RAM, and bootsfrap ROM (all not shown). The on-board
screen RAM and system RAM is 1 megabyte of 32-bit DRAM.
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 portipn of the address
space of the CPU 30 is decoded to a number of eight-bit
registers within the A/V écntroller/coprocessor-32. All
internal locations are on-even address boundaries; word-
wide I/O reads and writes can be performed where
appropriate. . in.this particular embodiment, the byte-
wide writes cannot be performed on word-wide registers
and I/0 cycles cannot be used ‘to access odd addresses.

The bootstrap ROM is always 16 bits wide. The
bootstrap ROMZéomprisés two 27C512 erasable programmable
read-only ' memories, manufactured by numerous
manufacturers, thereby giving 128K of bootstrap ROM.
Following a reset; the one megabyte window from F20000H
to FFFFFFH cohtaining- ROM and internal memory is
repeated throughout the 16 megabyte address range.

The system memory 33 is shared between a number of

devices. The -A/V controller/coprocessor 32 is the-

arbitrator for the system memory . 33; therefore, the
SYSTEM bus 31 is nmnodified 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.
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eveh errors in the way touchpad regions are supported. Su NH"MM"“IIM III
I nvention According to the present invention, a conputer sydte

wi th touchpad support in the operating system The operating system

has the following capabilities: (1) to map out geonetric regions of

t he touchpad and assign the regions to specific region identifiers

responsive to application prograns and (2) to determ ne the region

identifier of a touched region and pass that region identifier to the
application program These common capabilities provide consistency and
flexibility to the task Wfe iLfCechREPAESIAY B& ontieyfaceFhthe CBAJ30 otdher

advant ages of  t hgum@¥&&LNinpulVesridys , Wshbh bacaie FRpet apparentsf M a

detai | ed descrlptlon Of Hhedeeyggélcghch ‘as a keyboard (not shown),

controllers (not shown), a mouse (not shown), and a

5 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

10 a peripheral device: (1) PAO-PA7 are conneéted to DO-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;

15 and (3) PB3, PB4, and PB5 are connected to ADS, READY,
- and W/R, respectively, of the CONTROL bus. The I/O

n

] coprocessor 36 is . "decoded . by the A/V
- : "~ controller/coprocessor to have four 16-bit addresses in-
I/0 space (referred to herein as AS0, AS2, AS4, and

20 ASS6). '

The program inéide thé 68HC705 interfaces to the

CPU 30 as follows. The 68HC705 is deSigned to attach
directly to the processor bus and act as an I/0 port to
the CPU 30. A pair of internal latches holds data

25 passing between each of the processors. until the other
is ready to receive it. - Status bits to each processor
indicate the condition of the data latches. Each can
tell if the previous data has been read and if any new
data is waiting to be read by checking the status bits.

30 The I/0 coprocessor 36 implements, inter alié,-the
following functions: (1) a 50 ws timer, (2)-a serial
controller link for receiving communication packets from

the ihput devices, (3) a cartridge/expansion sense,. for
determining the presence or absence of a cartridge 14 in

BC9-93-101  (21322-00187) B 7



Brief Description of the Drawings In t he acconpanyi ng 'dr
whi ch are incorporated in and constitute a part of this spe

enbodi nents ~of the invention are illustrated, which, toget her W|t
general description REPLACEMENT SHEET Date:.22 AUG 1995 4 of the
invention given above, and the detailed description given bel ow serve
to exanple the principles of this invention. . . . figures: from

" Def aul t Tenpl ate” application.

each cartridge connector and the presence or absence of
an expansion device or €D drive in the 'expansion
connector, (4) a system reset, and (5) an I2c
nonvolatile RAM (NVRAM) interface. The I/O coprocessor
5 36 also 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 fimer of the 68HC705 I/0 coprocessor 36 to
10 expire at regular 50 millisecond intervals. Each time
the watchdog- timer expires, the I/O0 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

"

15 1line in résponse to the I/0 coprocessor pulling AIO
' low). The CPU enables and disables the 50 ms timer by
. writing either the byte OFOH or the byte O00H,
_ﬁgﬁg . . respectively, to the I/O port ASO0. The timer defaults
to belng enabled. .
20 Durlng the interrupt acknowledge 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 mare bytes from
the 16~bit I/0 port Aso; which corresponds to the I/0
.25 copfocessor. During each read of I/0 port ASO, the A/V
controller/coprocessor 32 to selects the I/0 coprocessor
36, thereby allowing a data transfer between the CPU 30
aﬁd-the I/0 coprocessor 36. '
The I/O coprocessor 36 will always have one byte
30 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

BC9-93-101  (21322-00187) ’ 8
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Description of the Preferred Enbodi nent - Referrlng to Figures 1A
conputer system 10 of the present invention is shown. As shown in Figure
1A, the system 10 conprises a data processing unit 12 with a program
cartridge 14 renovably connected thereto. Al so connected to the data
processing unit 12 is a standard television set (TV) 16, and an i nput
device 18, which has a touchpad 19 and two joysticks 20a, 20b. The i nput
devi ce 18 sends t o traasdatredriac ehsi CRU.UNLE the OOt ititiee isypﬁsdanad
corresponding 10 t iechOGabl 98yal AibAHE oAl uiftd IAEM vishYblS el Oy

| i ke on the touchpad 19. tion, the input device 18 sends to t
processi ng unit 12“@FF65P?8H&§ p§5§ages have been received, then 15 1is
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sent in the upper nibble and any remaining messages are
sent during the next transfer. Depending on the
contents of this first byte, the CPU might read
subsequent bytes from the 'I/C 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
keeping message transmission frequency very low.

The input device 18 and all other input devices

- are connected to the . I/0 coprocessor 36 via the serial

data link 22. The individual input devices. (e.g., the

laced

e data

input device 18) transform the movements of the control .

devices into a format suitable for transmission along
the serial 1link 22. The input device 18 sends data
packets via the serial data link 22 to the system unit
12. As will be explained below, the structure of the
data packets :differ depending on the type of input

-device. Coordinate type devices (mouse,. analog

joystick, touchpad, etc) have a different data packet
structure than a switch closure type of device
(keyboard, digital joystick, switch pad, etc).

The serial -controller link 22 consists of three
(3) lines: a data receive line, a VCC (45 VDC) line,
and- a ground line. The 68HC705 implements the data

receive - line of the controller serial link using the-

PDO/RDI pin of the 68HC705. This pin is designed to be
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
format could be used in the alternative. The serial

BCS-93-101  (21322-00187) S



datd corresponding to novenents of the joysticks 20a, 20b. Al (T
shown in Figure 1A, the standard TV 16 can be replaced with a
speakers and a display device that accepts a conposite video si

i nput device 18 connects to the data proceSsing unit 12 via a serial
The TV 16 connects to the data processing unit 12 via an RF video
line 24. The cartridge 14 has an edge card connector, indicated gener '
at 26, which connects to a cartridge -connector 28 thereby electrically

connecting devices in the cartridge 14 to devices in the data processing
REPLACENMERAOMEELink 22 is connected to external devices by

i nk 22..

unit 12.
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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-
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
each cartridge connector or the expansion connector and
is implemented by'having the I1I/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 préperly connected cartridge
14 pulls the pin to a logical ZERO. Thus, a ONE at each
cartridge sense indicates the absence of a cartridge 14
and a ZERO indicates  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 indicates the presence of an expansion
device. S '
The reset is implemented by giving the I/O
coprocessor 36 control over the reset signal of the aA/V
controller/coprocessor 32, which in turn controls the
reset signal of the CPU 30. The CPU 30 can command the
I/0 coprocessor 36 to reset the system 10 by causing the
I/0 coprocessor 36 to reset ' the A/V

controller/coprocessor, which in turn resets the CPU 30.°

The CPU causes the I/0 controller to generate a system
reset by writing the byte OFFH to I/O port ASO. = 1In
addition, the I/0 coprocessor 36 monitors the optional
reset switch (not shown) for the system and resets the

system when it detects a switch closure.
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Dateé 22 AUG 1995 5 The processing unit 12 conprises a cetl!“!”l“““ll‘l”“‘
processing unit (CPU 30, having .a SYSTEM bus 31 assoctated -~
t herewi t h, an audi o/ vi deo (A/V) controller/coprocessor 32, a
system menory 33, which is connected to a SYSTEM bus 34 generated by the
Al'V control |l er/coprocessor 32 fromthe SYSTEM bus 31, first and second
decoder chips (not shown), an |I/O coprocessor 36, two cartridge connectors
(one indicated at 28, the other not shown), additional circuitry 38
required to generate the audio and video signals, and an expansion
connector 39. These devifieelidve @ﬁnéd@ecbdm_ogﬁﬁw-t1Wt@at4mnl% shown
in the Figures. ThgomésliddiaRalrast r(wRhiy SBtdrraTR0OWd rBaki JWretdB amdl -
discussed in nore detatl 4t WNGLREL SFOAPHPLDF WHo14Bile systen
RAM. The NVRAM (not shown) comprises a PCF8594
5 manufactured by Philips Semiconductor and is in circuit

communication with the i/O coprocessor via the I2C
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
10 accessed through I/0 port ASO. The first byte written
to the I/0 coprocessor by the CPU indicates whether the
transfer is a read or a write and gives the I/O
coprocessor a segment address. The lower nibble of this

't

byte indicates the type of transfer: 01H indicates a

15 write from NVRAM and 02H indicates a read from NVRAM.

' The upper nibble of this byte is'a 4-bit segment number

. corresponding to;a 256~byte segment of NVRAM. With 512
%@%ﬁ bytes-of NVRAM, only the bottom two segménts (0 and 1)
are .used. For both reads and writes, the next byte is

20 the same--the next byte is written by the CPU and is the
address of the byte being accessed within the ségment.
The last byte is either written to or read from the Ijo
coprocessor by the CPU and is the data byte read from or
to be written to the NVRAM.

25 . In the alternative, the I/0. coprocessor can be
implemented in other ways. For example, a tristated
readable shift register might suitably receive the
information from the serial data link 22. In that case,
the CPU 30 periodically reads the shift register to

30 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
connectors 28 (the other not shown).' The first decode

BCS-93-101  (21322-00187) 11



The 'CPU 30 generates mnultip!te buses: a DATA bus, an ADDRESS busi
CONTROL bus, as are well known in the art. These t hree buses ar
collectively referred to as the SYSTEM bus 31.

the CPU 30 is an 80376, manufactured by Infel Corp., 3065 Bowers Ave.,
Santa Clara, California, 95051. The 80376 is a variation of the well
80386SX, which is well known in the art and al so available from Intel
The 80376 differs fromthe 80386SX in that the 80376 starts up in 32-bit

node, rather than 16-bit node. Specifically, the CRO register is forced to
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the 80376 C 63 B 1nto four 4 megabyte reg
represented by three chip select lines: two for the

ons,

cartridge connectors 28 (the other not shoﬁn) and one

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. ' '

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
decode chip permits the A/V cgntroiler/coprocessor 32 to
decode a 128K.block of system ROM starting at F20000H.
The range from F40000H to FFFFFFH is decoded by the
second decode chip for use by the expansion connector
39. This block of ROM decoded by the second decode chip
is used to add ROM to the s&stem 10 via the expansion
connector 39.

The data processing unit 12 also has a pair of
cartridge connectors (one indicated at 28,'the other not
shown) ~ for placing a «cartridge 14 in circuit
communication with the CPU 30 and other system
components. The cartridge 14 connects to the connector
28 of the data processing unit 12 via a gold plated 62-
pin (two rows of 31 conductors) edge card connector 26.
The processor unit 12 has two cartridge connectors 28
for accepting the edge card connections of the edge card
connector 26. The cartridges 14 ﬁave gold plated card
edge connections to match the conductors of. the
connectors 28, allowing the cartridges 14 to be

BC9-93-101  (21322-00187) 12
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spare general purpose |1/0O decoder lines (GPIOL, GPIO2, and
SYSTEM bus 31, each providing a 32- bit I/0O address range he

pur pose decoders can be used to provide three active |ow chip enables to
REPLACEMVENT SHEET Date :22 AUG 1995 6 devices external to the A/V

control |l er/coprocessor 32. In the data processing unit 12, the general
pur pose decoders are used to decode address ranges to the I/ O coprocessor
36 (GPIOL) and the two cartridge connectors (GPIQ2 and GPI ). The

remaining circuitry of the A/IV controller/coprocessor 32 is discussed
bel ow. 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 line, power,

5 ground, analog interrupt 1 or 2 (each cartridge has a

unique 1nterrupt), GPIO 2 6r 3 (each cartridge has a

unique cblp 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

10 chip. In the alternative, the signals needed to connect

to an optional CD drive can alsc be connected to
external devices via the cartridge cdnnector 28.

In addition, the processor unit 12 has a single

43

112-pin (two rows of 56 pins each) edge card expansion
15 connector 39. The expansion connector 39 allows devices
~to add more memory to the system memory 33 and to add
various other features. Devices connected to the
e ' expansion connector 39 have gold plated card edges to
match the expansion connector, allowing the devices to
20 be pluggably connected to the processor ‘unit 12. The
following signals'are communicated to external devices
via the expansion connector 39: SYSTEM' bus signals, an
.expansion connector 39 sense line, powef; ground, CAS
and RAS lines, and an expansion connector 39 select,
25 which is generated by the second decode chip. In the
alternative, the signals needed to connect to -an
optional CD drive can also be connected to external

. devices via the expansion connector 39.
The program cartridge 14 comprises a program ROM
. 30 40 and a decoder 42. In the alternative, the decoder 42
can be designed into the processing unit 12.  The
program ROM 40 contains code suitable for execution on
the CPU 30 in a read only memory format.: In the
alternative, other_memory types, such as battery-baéked

BCS-93-101  (21322-00187) 13



menory chi ps,

The on-board screen RAM and system RAMi's 1
32-bit DRAM Suitable DRAM are a pair of TCS14170BJ 256 kil oby

manu

factured by Toshi ba, configured to provide a 32-bit

~This Sheet Has Been Reﬁaced

The'system nenory 33 conprises screen RAM system RAM and boot m
(al1 not shown). ' '
te

y 16-bit

|

menory. A portion of the address space of the CPU 30 is decoded to a nunber

of eight-bit

regis

ters within the A/V controller/coprocessor 32. A

internal |ocations are onn even address boundaries; word- wide |/O reads and
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The address decoder 42 within the cartridge 14
decodes the full width of the ADDRESS bus to a memory
range appropriate for the prbéram 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
numerous manufacturers, e.g., AMD Corp. If the decoder
42 is- designed into the processing unit 12, then the
select 44 is electrically communicated to the ROM 40 by
the connector 26. : ) '

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
comprises four devices: a video digital-to—-analog
converter (video DAC) S0, an NTSC/PAL (“PAL" referring
to the well known European television signal standard)

"encoder 52, an audio digital-to—-analog converter/

25

30

analog-to-digital. converter /compressor /decompressor
(ADC/DAC/CODEC) 54, and an RF modulator 56. Each is
connected as shown in the Fiqures.

The Audio/Video controller /coprocessor (A/V
controller/coprocessor) 32 electronics are largely
contained within one massive custom logic chip, known as
an ASIC (Application Specific Integrated Circuit). An
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
processor interface 60, a processor cache 62, a memory
interface/refresh 64, a video controller 66, an

BC9-93-101  (21322-00187) 14
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manuf acturers, thereby giving 128K of bootstrap ROM Follomnng B

one megabyte mﬁndom/fron1F20000H to FFFFFFH cont ai ni ng ROM and

menory is repeated throughout the 16 negabyte address range. Th

menory 33 is shared between a nunber of devices. The AV

controll er/coprocessor 32 is the arbitrator for the system nenory. 33;
therefore, the SYSTEM bus 31 is nodified to a SYSTEM bus 34 (conprising a
DATA' bus, an ADDRESS bus, and a CONTROL' bus, all not shown) by the AV
controller/coprocessor 32. Thus, the system nemory 33 is accessed via the

SYSTEM bus 34. REFrACPhErANtSqRder 68, a video blitter 70, an optional
CD block decoder, a dlgltel signal processor (DSP) 74,

and a DSP memory 76. The processor interface 60, the
memory interface/refresh 64, and the video controller 66
5 are referred to collectively as the v1deo/memory
controller 67. The system memory 33, central processing
unit 30, and other devices 1lie outside the A/V
controller/coprocessor 32.
The A/V controller/coprocessor 32 generates the
10 SYSTEM' bus 34 from the SYSTEM 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
15 lowest priority, respectively): the memory refresh 64,
'~ the video controller 66, an optional CD block decoder
. (not shown), the DSP 74, the blitter 70, and the CPU 30
.ﬁ%ﬁﬁ {(through the processor interface 60). Only one of the
bus masters can control the SYSTEM! bus 34 at any one
20 time. The arbitrator within the video/memory controller
67 controls the changing priorities of the devices, as
" described herein, and is in electrical circuit
communication with all the devices within the a/v
~ controller/coprocessor 32. For example, the CPU 30 has
25 the lowest priority of all bus masters until an
interrupt occurs. Thus, the arbitrator is in circuit
communication with both the CPU- interface 60 and the
‘interrupt controller 68. '
The cache 62 is not a_qeche in the sense that it
30 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,
stack, or program code to speed up program execution.

BCY-93-101  (21322-00187) 15



Date : 22 AUG 1995 7 The |/ O coprocessor 36 interfaces the CPUihdSh¢epHas BeenRe laced
numer ous i nput devices, such as the input device 18 and optiona “‘H“‘m |\
such as a keyboard (not shown), controllers (not shown), a nous

shown), and a printer (not shown). In the preferred enbodi nent, el/0O
coprocessor 36 is a preprogramed MC68HC705C8 (hereinafter "68HC705"),

manuf actured by Mdtorola Corp, running at 2 MHz. - The 68HC705 1/0O

coprocessor 36 is interfaced to the CPU 30 by configuring the 68HC705 as a

peri pheral device: (1) PAO PA7 are connected to DO D7 of the DATA bus; (2)

PB7, PBl, and PB2 are cdifecvédee/reamoryl cqyredleyt S7addFees Rré.’ﬁgésaécoded
by the A/V control L AtéEEHEO GOS Stlie T2moRg Uerfabetrdlean) 64 Ahndanidéa,

respectively, of t anmﬁg- GQYSch&m%Y@fﬁM' bus 34, and provides
the memory timing s1gnals (__g_, CAS, RAS, write enable,

5 etc.) for memory devices attached to the SYSTEM' bus 34,
és 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.

10 The video .controller 66 has a flexible wvideo
timing generator that can be programmed 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/

is coproceésor: horizontal period, horizontal sync,

horizontal blanking end, horizontal blanking begin,

ho:iéontal display ‘begin, horizontal ‘display end,

Eﬂﬁ% .horizontal fetch begin, horizontal fetch end, horizontal

verticai sync, vertical period, vertical sync, vertical

"20 blanking end, vertical blanking begin, vertical display

begin, vertical display end, video ihterrupt, and light

pen registers. The video controller 66 has three color

resolutions available: four bits per pixel, eight bits

per pixel, and 16 bits per pixel. The memory map of the

25 screen is not tied to the video display width, but is
defined independently.

The video/memory controller 67 decodes the 16
megabyte address range of the 80376 CPU 30 into the
following memory map: 1 MB of system RAM (000000H -

30 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
block of system ROM (FEOOOOH - FFFFFFH). The 64

BC9-93-101  (21322-00187) . 16



and " (3) PB3, PB4, and PB5 are connected to ADS, READY, and WR \““‘“\““m“
respectively, of the CONTRCL bus. The 1/ O coprocessor

decoded . by - t he Al'V controll er/coprocessor to have four 16-bit
addresses in 1/0O space (referred to herein’as ASO, AS2, AS4, and AS6). The
programinsi de the 68HC705 interfaces to the CPU 30 as foll ows. The 68HC705
Is designed to attach directly to the processor bus and act as an I/ O port
to the CPU 30. A pair of internal |atches holds data passing between each
of the processors until the other is ready to receive it.- Status bits to
each processor indkéackytem efndintiesnadf meperyarcamprisdrespraleitie cBAMiel | if
the previous data Bastbeenrégisteais( iahaabgpnesyitidedsi andambndgyt 0 Prer ead

by checking the stgbygebl!Saaddis FRSORIR EtaRea3QobVl! e ERLS 1 PEEE @l T 2,
registers extend from the range F10400H to F107FFH. The
5 DSP memory extends from F10800H to F18000H.
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 (FCOO000H - FDFFFFH).

10 The interrupt controller 68 interfaces six
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).

3

15 - The interrupt controller automatically clears an
interrupt when the CPU 30 performs the interrupt
~ acknowledge cycle. A mask bit is available for each of

the interrupts.
The blitter 70 is a graphics processor for fast
20 screen updates .and animation, acting as a hardware
graphics subroutine for the CPU 30 or DSP 74. It
executes commands ﬁritteh by theICPU 30 and the DSP 74
into memory. It can perform arbitrarily long sequencés
of graphics operations by reading new cdﬁmand sets from
25 system memory 33. It becomes bus master through blitter
program operation, and can therefore have exclusive
control of the SYSTEM' bus 34 for considerable periods.
However, its priority over the CPU 30 is not absolute;
it can be requested to give up the SYSTEM' bus 34 to the .
30 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
uhder CPU 30 program control. '

BC9-93-101  (21322-00187) 17



foll owi ng functions: (1) a 50 ns timer, (2) a serial contr IHBmShwﬂhmB&mRelma
recei ving communi cati on packets fromthe input devices, (3) & “J!MII! ll [i
A

cartridgel/ expansi on sense, for determ ning the presence or absen
cartridge 14 in REPLACEMENT SHEET REPLACEMENT SHEET Dat e:

each cartridge connector and the presence or absence of an expan5|on devi ce
or CD drive in the expansion connector, (4) a systemreset, and (5) an
[err] nonvol atil e RAM ( NVRAM interface. The I/0O coprocessor 36 al so

! rrpl ements an opt| onal D%ecgirpt?tcér qbsl'll(ascon;[rgzqéatlle comparator to allow

intelligent blitting operations, and a logic function

unit (LFU) to generate. the output data. The 1logic
function unit can combine the contents of the data
5 registers in a number of useful ways to produce the
output data and the domparator can perform certain
comparisons on the data to inhibit write operations, and
optionally stop blitter operation.

The logic function unit generates the output data,
10 which is written to the destination in system memory 33.
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 =
15 the four Boolean nminterms (A & B, A& B, A & 5, and A &
E) of the two sets of input data from the data
registers, and generates the. logical OR of the two

selected minterms. This allows any logical combination
of input data; thus 16 functional possibilities exist.

20 ‘The cbmparator can perform a variety of
comparisons on the data in fhe source, destination, and
pattern data registers.' If its comparison conditions
are met, then it generates an inhibit signal. The
inhibit signal is used to inhibit a write operation, and

25 optionally, to stop the blitting operation. The
comparator can also be used to provide a pixél plane
effect, to give transparent colors, for collision
detection and system memory 33 search operations, and as
an aid to character painting.

30 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

BCY-93-101  (21322-00187) 18



serfal line to allow comunications with an opt'i onal CD dev[if ceumlﬁlﬂﬂ“ﬂ"
tinmer is inplenmented by configuring the watchdog tinmer of tlhe VAl

coprocessor 36 to expire at regular 50 nmllisecond intervals. Each tine the
wat chdog tiner expires, the.1/O coprocessor 36 interrupts the CPu-36-using
analog interrupt 0 (AIO of the. A/V controller/coprocessor 32 (the
Al'V control |l er/coprocessor interrupts the CPU via the IRQIline in response
to the 1/0O coprocessor pulling AIO low). The CPU enabl es and di sabl es the
50 ns tinmer by witing either the byte OFOH or the byte OCH, respectively,

to the I/0 port ASQusfbg By defiaul t §ntoe beirBfsfflab! 88cuPUihnGHdR

i nterrupt acknowl edge_gycl e Pl LG R g ALY S LIl o/ SRP" RGP S50
actually executes programs and stores data in its own
private high-speed memory 76.

5 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 audioc signals with 16 bit precision, giving a

10 sound quality 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

15 different from that of “music synthesizer." Such
applications might include algorithmic speech

generation, audio analysis using fast Fourier transform
fa ) techniques, and three-dimensional graphics rotations.:
The DSP 74 uses Harvard architecture (separate program

20 and data buses) for maximum data throughput. The DSP 74
has an arithmetic logic unit (ALU), which features a
hardware 16-bit by 16-bit hardware multiply/accumulate.
as well as addition, subtraction, and logical functions.
There is also a separate serial divide unit, which

25 generates one quotient bit per tick.

The ALU within the DSP 74 is a 16-bit arithmetic
logic unit, with the same functions as a Texas
Instruments. 74181, which is well known in the art.
Common arithmetic operations are encoded as

30 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.
The DSP memory 76 comprises program RAM, data RaM, a

BCO-93-101  (21322-00187) 19



T

the interrupt handling routi ne. The |nterrupt handl i ng routlﬂ1
CPU 30 to read one or nore bytes fromthe 16-bit 1/0O port ASQO m‘m
corresponds to the I/ O coprocessor. During each read of I/Op

AV control |l er/coprocessor 32 to selects the |/0O coprocessor 36, thereby
allowing a data transfer between the CPU 30 and the I/ O coprocessor 36. The
I/ O coprocessor 36 will always have one byte to be transferred to the CPU
in response to the 50 ns interrupt. The.lower nibble of this byte contains
the nunber of expirations of the 50 ns time since the last interrupt
acknow edge cycl e regilgiex/gopekant b‘BIbée@faf‘tqqlasSb% &OHofr bk motishowinber of
|/ O devi ce nessageshd I 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
5 512 18-bit words. These locations can only be written

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
10 is accessible when the DSP is idle.

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 similar) DAC, -and to input data from a

15 synchronous serial data source such as a CD drive.
' The video controller 66 of the A/V codntroller/
coprocessor 32 connects to the external video DAC 50,

which converts the eighteen bits of pixel information 78

{six bits each of red, .green, and blue) from the video

20 controller 66 into an RGB signal 80, as is well known in

the art. Each color channel (R 80a, G 80b, and B 80c)

of the video DAC 50 is implemented with an R2R resistor

tree and a 2N2222 transistor, as shown in Figure 1C.

The devices in Figure 1C are in circuit communication,

25 as shown. The resistors 86a-86j in Figure 1C. are all

0.25 watt resistors with the values shown, within 5%
tolerance. The transistor 88 is a 2N2222.-

Referring once again to Figure 1B, the RGB signal

_ 80 is converted to an NTSC composite video signal 90 by

30 the NTSC/PAL encoder 52. The NTSC/PAL encoder 52

accepts. the chroma clock 92, the HSYNC and VSYNC signalis

94, which are generated by the video controller 66 of

the A/V_controllér/coprocessor 32, and the red 80a,

green 80b, and blue 80c video outputs, which are
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9 transferred to the CPU. If the 50 ns tinmer is disabled, th het 142 B8 R 1aced
ni bble of this byte will be zero. I f more than 15 nessages

received, then 15 is sent in the upper nibble and any renai ni ngm ‘m
are sent during the next transfer. Depending on the c

this first byte, the CPU m ght ‘read subsequent bytes fromthe 1/0O

coprocessor 36, which will, for the nost part, be packets of data from

i nput. devices. Typically, the input devices will only send nessages when

t hei'r respective states change, thereby keepi ng nessage transni ssion
frequency very | owgeRkeatedpby theivigled3DaRE0al Andtdrneratipata domposstar e

connected to the |AQqae8PERARASIH 36 thedwd e xeBkhalTstibe baddbadd vIh&s

i ndi vidual input deyiges (€ gy {RE TIRULAJEYLSES 1Rk LA WD Cens
(European television signal standard) format can be

5 generated. The composite video signal 90 is connected
to external deviceé with a single female RCA type phono
jack (not shown), as is well known in the art. 1In the
preferred embodiment, the NTSC/PAL encoder 52 is a
CXA1145, ménufactured by Sony Corp. In the alternative,

10 an MC1377, manufactured by Motorola Corp. can be used.
The audio ADC/DAC/CODEC 54 is linked to the DSP 74

with a serial 1link 96 conforming to the well known
Philips I2S protocol. The ADC/DAC/CODEC 54 converts
analog data to ‘digital data, and vice versa, and

o

15 compresses and decompresses digital data. The
' ADC/I_)AC/CODEC 54 interfaces externai stereo analog data
97a-97b from optional' microphones to the A/V
ELE controller/coprocessor 32. The audio inputs 97a-_-97.b are
connected to external devices with a standard stereo
20 1/4" connector. The audio ADC/DAC/CODEC 54 also
interfaces digital data. - .from . the A/V
controller/coprocessor to external devices by generating
left and right audio line out signals 98a-98b. These
signals 98a-98b are connected to external devices, such
25 as optional. speakers (not shown) with two female RCA
. phone jacks, as are well known in the art. As mentioned
below, ‘the audio line signals 98a-98b are also added to

the RF video signal 22.
In the preferred embodiment, the ADC/DAC/CODEC 54
30 is a CS4216, manufactured by Crystal Seniconductor. The
part contains microphone inputs, with programmable gain,
as well as outpﬁts with programmable attenuators. Gain
and attenuation are both programmably controlled by the

DSpP 74.
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devices into a format suitable for transm ssion along the sef qhﬁ*

systemunit 12. As will be explained bel ow, the structure of t

The i nput device 18 sends data packets via the serial data |1 &\ﬁ&“

packets differ depending on the type of input device. Coor
anal og joystick, touchpad, etc) have a different data
packet structure than a switch closure type of device (keyboard, digital
k, switch pad, etc). The serial controller link 22 consists of

devi ces

Jjoystic

(3) lines:

(rmouse. ,

a data receive line, a VCC (+5 VDC) line, and a ground |i ne.

The 68HC705 i npl enent s tine that aillteﬁ'ﬂaftﬁvé,l Neheofaddy@acpodDEd | Br <2t il

usi ng the PDQ RDI
interface to seria
transm ssi oR®

Seri al

10

15

20

25

30

evi ces ,usin known asynchronous for mat
1§Eﬁngp is used, the ADC and CODEC functions will not

be available.

The RF modulator 56 merges the composite wvideo
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
(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. _ '

.Referring now to Figqures 23-2M and 3, an
embodiment of the input device 18 of the present
invention is shown. As shown in that figure, the input
device 18 comprises a touchpad 19 and two -joysticks 20a,
20b enclosed in-a single enclosure 100. 'The-enclosure
106 is made of ABS-T (acrylonitrile-butadiene-styrene;
available from Wong's Electronics Co. LTD., Wongs
Industrial Centre, 180 Wai Yip Street, Kwun Tong,

"Kowloon, Hong Kong, as material ABS, grade T). The

input device 18 accepts template overlays 102, each of
which overlay comprises a body 104, a .tab 106, and an
identification pattern 108 at one edge on the bottom.
The template overlay 102 is made of a thin material such
as coated paper, coated cardboard, or polyester film.
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,
printed, painted,' carVed, engraved, silkscreened, or
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the fol l.ow ng fornat 4800 bits per second, no parity, 8 data bi'ts, and ‘one’

stop bit.

The seri al

Ir

A cl ocked synchronous format coul d be used in the 'Ehst%m&asr Re 1a°ed
REPLACEMENT SHEET Date : 22 AUG 1995 10 control -----
connected to external devices by a six-conductor mni-din pIu
which are well known in the art. | nput devi ces are alsy

(not shown),

chai ned,

unit 12. For exanpl e,
system 10,

thus a single device physically connects to the data processing

10

15 -

20

25

30

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.

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
written, printeqd, 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
inscribed in or on the pad surface 110: "enter, "
"exit," "pause," Yprevious," "next," and arrow keys (up,
down, left, and right). 1In the alternative, "select"
can be used ipstead of “enter" and "cancel" can be used
instead of “exit." Again in the alternative, ten
rectangular areas can be mapped out-~one for each Arabic
numeral. Again in the alternative, the letters of the
English language can each be mapped to a region of the
touchpad. Again in the alternative, a QWERTY keyboard
could be mapped onto the pad surface 110. Indeed,

-virtually any pattern, or combination of patterns and

symbols, can be chosen. The default template .graphic
image should be chosen to be useful to a large number of
applications targeted for the system 10. '
The input device 18 comprises two forms of
retainers to secure a template overlay 102 proximate to

- the pad surface 110: (1) an overhanging lip 112, which

comprises-three straight lip portions 112a-c that define
a generally U-shaped slot 114 and that retain the
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if a so- called npbuse pointing device is added to the
the nmouse is connected to the input device 18, which is
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connected to the proce55|ng unit 12. The -cartridge sense and GXBsmﬁﬂQQB

sense are for determning the presence or absence of a cartrld
cartridge connector or the expansion connector and is |nplenent
the I/O coprocessor 36 poll a pi.n of the cartridge connector

pulled to a | ogical
system pl anar and a
ZERO. Thus,

| ogi cal

a cartridge 14 and a ZERO i ndi cates the presence of a cartridge 14.

Li kew se,

devi ce,

an expanS| on device

such as an,

i0
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a ONE t heegppais i cdferiags @02 non Cetiree isideabsadice2 pfa gpaiexpensi on
9&%%9 nf.Jn.rséal e 1‘5‘_"5}9V€ha@ rilqatﬁlg | i Aakes o"vgflaﬁf egpnce of

b |V|n /O
on the fourth 51de. T e 11p 112 fgt % gnd rfﬁg

1i6a, 116b are shown in more detail in and descrlbed in
the text accompanying Figures 2C, 2D, and 2E.

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
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 1ll2a-1ll12c.
Also shown. in that figure are the ridges 116a, 116b
retaining the fourth side of the body 104 of the overlay
102, one positioned on either side of the tab 106 of the
overlay 104. The overlay 102 is inserted by slipping
the left hand and right hand sides of. the body 104 of
the overlay 102 under the lip portions 112a -and 112c and
sliding the overlay .102 down until the bottom edge of
the body 104 of the overlay 102 is under the other 1lip
portion 112b. Finally -the overlay 102 is released and
the tab 106 is nested between the ridges 1l6a, 116b,
which retain the overlay 102 at the top side.

Figures 2C, 2D, and 2E show the details of the
ridges 116a, 116b and the overlay 102. Figure 2D shows
the tab 106 extending beyond the ridge 116b. Figure 2E
shows the body 104 of the overlay 102 abutting the ridge
116b.

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 ridges 116a, 11l6b.
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ONE by a suitable pullup resistor (not shomn) on the
properly connected cartridge 14 pulls the pin to a
a ONE at each cartridge sense indicates the absence of
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coprocessor 36 control over the reset signal of the AV '
control |l er/coprocessor 32, which in turn controls the reset s"ih
CPU 30. - The CPU 30 can command the I/0 coprocessor 36 to rese
10 by causing the I/0 coprocessor 36 ° to reset t

control.ler/coprocessor, which in turn resets the CPU 30. The CPU causes t[@"
|/O controller to generate a systemreset by witing the byte OFFH to |/ 0O

port ASQO. In addition, the I/O coprocessor 36 nonitors the optional
switch (not shown) for the systemand resets the systemwhen it detects a

swi tch cl osure.

10

15

20

25 -

30

REPLACENENE SHEEShdvest ethe22s WG 11996hat 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 templéte overlays
102, and a substantially rigid base 127 made of the same
material aé 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
thét 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
sensors, and switch closure type sensors. Examples
include membrane switch matrixes, e.g., the device
disclosed in U.S. Patent No. 4,736,190 to Florella, and
finer resolution switch closure type sensors, e.q., the
device disclosed in U.S. Patent No. 4,529,959 to Ito et

‘al. One suitable sensor 102 can be .purchased from

Wong's Eléctronics Co. LTD., Wongs Industrial Centre,
180 Wai Yip Street, Xwun Tong, Kowloon, Hong Kong, as
part number:PR39983.

The sensor 122 generates at least one electrical
signal responsive to the stylus 21, finger, or the like
touching the pad surface 110 or fouching the template
overlay 102 proximate to the pad surface 110. For
example, switch closurée type sensors typically require
a number of drivers to sequentially drive the many lines
on one axis and a numbér of receivers to detect which of
the lines on the other axis is conducting the signal
driven by the drivers. Know1ng whlch driver generated

the signal detected by which receiver allows one to
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11 Finally, the I/O coprocessor inplenents an [err] nonvol ati].e  RA M NVRAM)
inteffaceyto read, wwi?e, and verr?y the contents of 512 byteg] etH"SBeme-laced
nonvol ati |l e syst em RAM The NVRAM (not shown) conprise

5 manufactured by Philips Sem conductor and.is in circuit co

with the I/O coprocessor via the [err] interface. More than one PCF8594

can be cascaded to provide nore NVRAM capability. To access the NVRAM a

t hree- byt e sequence i s used. Al'l three bytes.are 10 accessed through I/0O
port ASO. The first byte witten to the I/0 coprocessor by the CPU

i ndi cat es whet her a&eerniansfthe Loc@tiRAGOkha Wohéle UL iGlgveRet BEitdD

coprocessor a segng dress. The | ower nibble of this byte indicates the
type of transfer: indicates a 15 wite from NVRAM and 02H |nd|cates a
read from NVRAM The overlay sensor 124 is a sensor that generates

an electrical 51gna1 corresponding to the identification

5 pattern 108 on thé overlay 102. Thus the overlay sensor

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/

10 receivers each having an angled transmitter and an

. : ' ‘angled receiver, which are well known in the art and are

available from Wong's Electronics Co. LTD, as part
number PR39990. ' S

' As shown in Figure 2G the overlay sensor 124 is

43

15 optically coupled to the identification pattern 108 via
°  six holes 128a-128f in the enclbéure 100.. Uhder each
. hole 128 is a. single optoelectronic transmitter/
s : receiver pair (not shown). In another embodiment (nof
shown)., the six receiver/transmitter pairs -of the
- 20 overlay sensor 124- and the . six holes 128a-128f can be.
divided into two groups- of three and positioned one on
either side of the touchpad sensor 122. That -is, three
holes ' 128a-128c (and their associated
receiver/transmitter pair) can be positioned under one
25 1lip portion 112a and the other three- holes 128d-128f
(and their associated receiver/transmitter pairs) can be
positioned under another lip portion 112c. '
Figures 2H-2K show examples of identification
patterns 108. 'The identification patterns 108 are
30 located on one edge of the template- overlay 102. There
are six 1nd1v1dual marks--one for each individual -
transmltter/recelver pair of the overlay sensor 124.
When the overlay 102 is in place, the identification
pattern 108 aligns with the sensor 124. If the
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The upper nibble of this byte is a 4-bit segnment nunber corres-ﬁgsrg‘hi

256- bSFe segnent of NVRAM Wth 512 bytes of NVRAM only the: bo Eel? as}i%enake laced
segnents (O and 1) are used. For both reads and wites, the nex Im) I’
the sane--the next byte is witten by the CPU and is the addres

byte being accessed within the segnent. The |ast byte is either wrltten to

or read fromthe I/O coprocessor by the CPU and is the data byte read from

or to be witten to the NVRAM 25 In the alternative, the I/0O
coprocessor can be inplemented in other ways. For exanple, a tristated
readabl e shift regisltesrnatjve smbedbhgntr.ecwiseyibhé ahbvemain ovhigrontude

serial data link 22gréubst 2t tEASE, hdlfé? §fEu1§=_Qi Rk eﬂé(&éﬂésbﬂseﬁgﬁ?‘f‘ rh&éhl ft
&gggz;eghfg ?gotagﬁ% éi?%caﬁlgf gggg%éhsrfggl q%%: 9 Véwf%e be d1v1§2d
1nto two groups of three and positioned one on either
5 side of the touchpad sensor 122.

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

10 white, then regions of black ink or paint applied to the
back of the overlay can be used as one form of
identification patﬁern and white areas without black ink
can be used as the other.

Examples of several . different possible

15 combinations of identification patterns are shown in. .

| Figures -2H-2K. Figures . 2H through - 2K show

o identification patterns 108~.correspohding_ to binary

- e patterns of 010001,, 0111102,, 000000,, and -111111,,
respectively. Thus, the identification patterns appear

20 to be a group of.light and dark regions. spaced along the
édge-of the template overlay 102. The 000000, pattern
is shown for illustrativg purposes only. . In actual use,
the all white 000000, pattern will probably not be used,
because that pattern corresponds to the absence of any

25 template overlay 102, in which case.the default template
‘graphic image would be used. o

Figure 2L, which is a front elevational view of

" the ihput device 18 of the present invention, shows the
positioning of the joysticks 20a, 20b one on each side

30 of the touchpad 19. As shown in that figure, the .
joysticks 20a, 20b each have momentafy pushbutton .
switches 130a; 130b affixed in ﬁheir respective ends.
Figure 2L alsc shows the rectangulér aperture 132 that
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circuit communication with the CPU 30, the A/V controll er/ cx Em&EHaﬂB
and the two cartridge connectors 28 (the other not shown). T
REPLACEMENT SHEET Date 22 AUG 1995 12 chip accepts as inpu
two address |lines of the SYSTEM bus 31, decodes the 16 negaby te a res
~space of the 80376 CPU 30 into four 4 negabyte regions,

three chip select

not shown) and one for the A/V controller/coprocessor 32. The upper four

represented by

IF‘

li nes: two for the cartridge connectors 28 (the other-

nmegabytes and the |ower four nmegabytes are decoded to
~opens to the cavity 126, which is used to store a

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

' details of Figure 2M are repeated for both joysticks 20a

10

15

and 20b. MOreovef, the details of Figure 2M are 90-
degrees rotationally symmetrical; thus, while two of
many structures are shown in that figure, actually four
of the same structures are used in this particular
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 secired to the enclosure 100 by
four screws l42a-1424 to several standoffs l44a-1444,
which are physically annexed to the enclosure 100. - The

-aperture 136 is sealed by an annular seal 146, the

20

25

30

annulus of which fits snugly around the rod 134 and the-

outer edge of which is physically annexed to the
enclosure 100 at the:aperture by common methods.

The joystick 20a has a l4-degree freedom of motion
about the pivot point; i.e., the rod 134 can move seven

degrees from being perfectly perpendicular to the plane -

defined by the switch base 140 in virtually  all
directions. The rod 134 has four switch actuator arms
150a-1504 physically annexed thereto. The actuator arms
148 are located proximate to four rubber dome momentary

-pushbutton switches 150a-150d, which are physically

annexed to the switch base 140. - The arms 148 and
switches 150 are configured 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
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the A/V controller/coprocessor chip select and the two renai Nif
f our- megabyt e regi ons are decoded to two cartridge connector ch

for the expansion connector 39. The second decode chip is in ci

Sheet Has Been Re‘

"The second decoder chip (not shown) is used to inplement the ch“mag‘“ \“‘“

comuni cation with the AV controll er/coprocessor 32 and the expansion
connector 39 along the SYSTEM bus 34. The second 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 the

second decode chi p sdttchee B$O0t he Thwysansicdriopormfectior P9y sthlvks daocks of ROM

decoded by the secqpiedecd

ey

10
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20

25
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by other structures, such as potentiometer-based
systenms, which are well known in the art.

Referring now to Figure 3, a block diagram of the
circuitry within the input device 18 is shown. The
input device 18 comprises the touchpad sensor 122, the
overlay sensor 124, Jjoystick sensors 200a, 200b,
coordinate determining circuitry 202, overlay detection
circuitry 204, a 100 B;llisecond . timer 208, and
interface circuitry 210, all connected in electrical
circuit communication 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

circuit communication with the coordinate sensor 122,
the interface circuitry 210, and the 100 millisecond
timer 208. The coordinate determining circuitry 202 is
configured to accept the electrical signals 203 from the
coordinate sensor 122 and determine the X-axis and Y-
axis values corresponding to the location of the touch

-by the finger, stylus 21, or the like. For example, if

the coordinate sensor 122 is a switch-type sensor, then
the coordinate determining circuitry 202 will comprise
drivers and receivers to determine which switch is

closed, as are well known in the art, and logic to

translate the location of that switch to a meaningful
value relative to the pad surface 110.

The overlay detection circuitry 204 is in circuit
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
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cartridge connectors (one indicated at 28, the other not showh) Sheet/HAE Been R

eplaced
' cartridge 14 in circuit conmunication with the \ﬂ“
ot her system conponents. The cartridge 14 connects to the conn
the data processing unit 12 via a gold plated 62- pin (two ro
conductors) edge card connector 26. The processor unit 12 has two cartridge

pl aci ng

connectors 28 for accepting the edge card connections of the edge card
connector 26. The cartridges 14 have gold plated card edge connections to

a

mat ch the conductors of the connectors 28, allowing the cartridges 14 to be
REPLACEMENT SHEET Dad ethe? iddatifPéation pattern 108, or lack thereof,

10
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20
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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 joystick
sensors 200a, 200b comprise four rubber dome switches
150a-150d and the .two joystick switches 130a, 130b, as
described above. The direction determining circuitry
generatesla message based on closure events of these
switches. |

"The 100 millisecond timer 208 is in electrical
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
uses the signal 209 to detect é_change in the touch
location of the finger, stylus 21, or the like between
expirations of the 100 .millisecond periods detected by
the timer 116.

The interface circuitry 210 is in circuit
communication with the coordinate determining circuitry
202, the' overlay detect circuitry- 204, the data
processing unit 12 (via the serial data line 22), and
other input devices, if any, via the serial data line
extension 23. The interface circuitry 210 accepts the
coordinate values determined by the coordinate
determining circuitry 202, the overlay message generated
by the overlay detection circuitry 204, and the messages
generated by the direction determlnlng circuitry 206 and
transmlts 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
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13 pluggably connected to the processor unit 12, The f ol |-aydgnek: BisHed Keplaced ]
are communi cated to external devices via the cartridge conne
ot her not shown): SYSTEM bus 31 signals, a cartridge sense | ﬂﬂl‘ﬂmﬂj ﬁll
ground, analog interrupt. 1 or 2 (each cartridge has a uni que
GPIO 2 or 3 (each cartridge has a unique chip select), ‘a lock line (which
Is atypical 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 to an optional CD drive can al so
be connected to epeesnzty darkess §romtdtberainpitigevionneen dic 28e CRU
addition, the progessossumiil oz @@l&lﬁé@gﬁ&elkﬁi@ynbéiw 2wk @hpe€ pins
gg\cnh)cegdge card expansl oAU 85 ik pHiCeEXRA UL £OHRCLOUNIquE! | Ovs
device number. The device closest to the processing '
S unit 12 has a device number of 0, and the farther away
from the processing unit 12 a device is, the higher its
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
10 any data packet passed from other input devices of the
same type. Any input device in the chain with a device
number greater than fifteen is ignored. '
For example, assume that three input devices of
the same type «, §, and ¥y are connected "to the
15 processing unit 12-as follows: a is connected to the
' processing unit 12, f is connected to @, and y is
o connected to f. Therefore, a has a device number of 0,
i : B has a device number of 1, and ¥ has a device number of
2. The other devices are not aware of their own or
20 other device numbers. Each device sends its own data
packets with a device number of 0.
When o passes a data packet to the processing.unit
12, the default device number of 0 is correct, because .
a is closest to the proéessing unit 12. However, § and
25 ¢ also send data packets with a device number of 0. To
remedy the situation, each device adds one to the device
number of packets passed on. Thus, when § passes a data
packet from y to «, B adds one to the device number,
thereby giving the packet from y a device number of 1.
30 Likewise, when o passes the ¥y data packet to the
processing unit 12, o 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
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|

to add nore nenory to the systemnenory 33 and to add various ot

features. Devi ces connected to. the expansion connector Jbis Replaced -
pl ated card edges to match t he expansi on connector, H lIL ||

al l owi ng t
be pluggably connected to the processor unit 12. The foll owi ng
communi cated to external devices 'via the expansion connector 39: SYSTEM
bus signals, an expansion connector 39 sense |line, power, ground, CAS and
RAS |ines, and an expansi on connector 39 select, which is generated by the

her '

second decode chip. In the alternative, the signals needed to connect to an

optional CD drive damiaéspulteerorfhemadd dagacpacketal fxpoy ideadces aof hthe

expansi on connect OlsaR@. tyhe g<2BHaaBHCES ttHdaext da&aar.i ses a program ROM 40
In t alternative ddt‘.I%e degoder 42 can dp% desi Qngd into
ition a ets

t he processing unit 12. exefore, 1n d

and a decoder 42.

5
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O passing on a pac
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
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
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 dewvice. The I/0 coprocessor 36 receives
the data packets and stores them in a first-in-first-out
(FIFO) manner. .

-Every 50 msec "tick" the .I/O coprocessor 36
interrupts the CPU 30. In response, the CPU accesses
the single byte at I/O port ASO of the coprocessor 36 to
determine the number of ticks since the last access by
the CPU and the number of device messages to be
transferred, as explained above. The ten types of
device messages are shown in the table below.

Device | ByteO | Byte 1 (DeviceID) | Byte2 | Byte3 | Byted
Type

(Bits 4-7) 1 (Bits 0-3)

fi
Keyboard 2 0 t+ 0 | Sam | NA N/A
(PS/2) ot Code .
Mouse 4 1 E 0 Mouse Mouse Mouse
(PS/2) ! Byte - Byte 2 Byte 3
i 1 (X Data) | (Y Data)
: (Buttons)
-
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program ROM 40 cont ai ns code suitable for execution on the CPY. |n a read
c

only nmenory format.- - In the alternative, other nenory types, BeenRepIaced
battery-backed REPLACEMVENT SHEET Date: 22 AUG 1995 1 4 RAM H I

the storage device in the cartridge 14. The program ROM 40 is

comuni cation with the CPU 30, as shown in Figure 1A The address decoder

42 within the cartridge 14 decodes the full w dth of the ADDRESS bus to a
nmenory range appropriate for the program ROM 40 and generat es a chip sel ect
signal 44 required by the ROM 40, as is

Switch Variable | Device ! 1 Button Button Button
Closure 1-255 | Number in } States States States
Chbain | 0: Open | (Optional) | (Optional)
. 1: Closed -
Joystick 2 Device 2 Switch N/A N/A
(Digital) Number in Closure
Chain {Open
_ Code
S 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 Overdlay | NA | N/A
10 | Overlay Number in Code ' i
Message . Chain - _ (0-63)
Action Variable | Device - 6 Action - | (Optional) | (Optional)
Message 1-255 | Number in Button ’
' Chain Data.
System Variable| Device | 14 Byte O Byte 1 Byte 2 .
15 Pass- 1255 | Number in .} (Optional) | (Optional)
through .| Chain : .
Initiali- || Varisble| .Device - | 15 Device | Mfg Code | Mfg Code
zation 1255 | Number in | Type Byte O Byte 1
Message ' Chain : (D) (Optional)
20 : Table: Input Device Message Structures

As seen in the table, the message strucéures are
of different length and have structures closely related
td_the input deﬁices to which they correspond. The
device messages in the table are the same for the data

25 sent to the I/0 coprocessor from the indiQidual I/0
devices as the data sent to ' the CPU by the 1I/O
coprocessor. In addition to the structures shown above,
each message from an I/0 device to the I/O coprocessor
has a checksum to ensure_uncdrrupted data is sent from

30 the input device 18 to the processor unit 12. - The
checksum is a standard modulo 256 checksum in which the
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wel | known

is designed into the processing unit 12,
communi cated to the ROM 40 by the connect or 26. Referring now to Figure 1B
circuitry 38 of Figure 1A is shown connected to the AV
controll er/coprocessor 32. The additional circuitry 38 conprises four

t he addi ti onal

devi ces:

( n PALII

referring tenbBrsi! takitovws EneOpgake txaée%asicanmskenaﬂxe sé@m dsy d)

encoder 52

an audi igita Qnverter nal t 05.40.Qi t
converter/comresso?}de%lom%)géés)%r %%d@ E%‘ )24%5%% duq] gng{(ﬂﬁ at or

56.

Each

_ : Thic
in the art. The address decoder 42 is inplenente I
programuabl e array logic (PAL), which is well- known in the art/
manuf act ured by nunerous manufacturers, e.g., AVMD Corp. If th

then the select 44 is electrlc

hqm

a video digital-to-anal og converter (video DAC) 50, an NTSC PAL

S

10

15

20

25

© 30

summation). e I/0 coprocessor strlps off the
checksums before sending the data to the CPU.
Therefore, 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.

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. These devices
are supported by the I/0 coprocessor using the. existing
PS/2 protocol via the serial data link 22.

This device type 1 is intended for devices with
multiple buttons. Up to 255 bytes (8 buttons per byte).
or 2040 buttons can be input to the system using this

- message type. Open buttons are sent as a logical- ZERO
while closed buttons are sent as a logical ONE. This is -

a variable length message. .

Digital joysticks, such as joysticks 20a, 20b are
supported as device type 2. There are two joysticks
associated with each touchpad 19. Each joystick has a
unique chain number. Each left joystick is odd (1, 3,
5, 7, 9, etc.) and each right joystick is even (0, 2, 4,

6, etc.). Each joystick is reported independently. The .
- message is a fixed length message. Recall that digital

joysticks sensors comprise a number of- switches 150a-—-
150d. The message is a byte. representing up to eight
switches, which include the movement sensor switches
150a-150d4 and data input switches, such as switch 130a.
The individual: bits of the message byte for this type
represent: up switch (MSB), down switch, left switch,
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_JL
connected as shown in the Figures. The Audi o/ Vi deo R
control |l er/coprocessor (A/V control |l er/coprocessor) 32 el ectqih{alsh@maaBeenReplaced

| argely contained within one massive customlogic chip, known a uu“\
(Application Specific Integrated Circuit). An A/V controller/co
‘upper

nmeeting the description herein can be purchased from MSU Ltd.

4th Street, Wtan Gate West, Central MIton Keynes, M9 1DP England The
AV controller/coprocessor 32 contains a processor ‘i nterface 60, a
processor cache 62, a nmenory interface/refresh 64, a video-controller 66,
an REPLACEMENT SHlgBt Datitch,22swiAlds 1805 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
5 are always reportéd as zero. _ ' '
Coordinate devices such as mice and trackballs are
reported as device type 3. The first byte following the
- ID is to'report any button information for the device.
Up to 8 buttons can be reported. The next byte is a
10 delta X value followed by a delta Y value. The delta X
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
+ 15 255, then two or more messages will be sent.- This.is a
fixed length message.
) The touchpad 19 is supported as device type 4.
i Other .devices in this device type include analog
joysticks. The first byte following the ID is used to
20 report button information. -The next byte is used to
report the absolute X poéition. The absolute Y position
is next in sequence. The absolute X and Y values are
each 1 byte and are limited to a range of 0-255. This
is a fixed length message.
25 Touchpad overlays 102 are reported as device type
5. Touchpad overlays are sensed using the 6-bit sensor
124 in the touchpad. When an overlay change is sensed
by the touchpad, a message is generated. All overlay
codes are application-dependent and the application
30 program must recognize the codes of each overlay. This
message is a fixed length message;
The acﬁion message is used to define a common set
of predefined device—independent functions that can be
generated by multiple device types in different ways but
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1 5interrupt controller 68, a video blitter 70, an optional

decoder, a digital

, I gi signal processor (DSP) 74, and a DSP nennry
processor interface 60, the nmenory interface/refresh 64, and th

controller 66 are

referred to collectively as the video/ menmory contro

tidHas Been Ry

67. The system nmenory 33, central processing unit 30, and other devices I|e
outside the A/V controll er/coprocessor 32. The A/'V controll er/coprocessor

32 generates the SYSTEM bus 34 fromthe SYSTEM bus 31,
the CPU 30 fromthe system menory 33. Thus,

t hereby isol ating
the SYSTEM bus 34 electrically

connects the vari oasedesed end antthepsmcemyrre:mr py8tem Shdhirdprd icheiSYSTEM
bus 34 are six pos f@bfaﬂ"s.l.mﬁéeé&ne( 'vi&yordﬂétiférpmeghg&€§taﬂ! h@bblYed 0

| owest priority, respgctlve

10

15

20

Ly

this particular embodiment, three device-independent

evice é’petg1u51ng a varlggfe léhgth message. In

functions are defined and associated with the 1lower

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
functions. All other bits are reserved for future use
and are reported as zero tc the CPU. _

The system pass-through message type is used to
handle any device types not applicablé to any previously
defined device types. Message type 14 is used. This is
a variable length messagée. Definition of the data is
device-dependent and is application specific. . Each
application must translate this type of message into the
required functionality.

The first message ffom each device is device type
15. This is used to tell the system that a device will
send input messages. This message also defines the
future device type that will be used to report input.

' This is a variable length message.

25

30

On system power up and 50 ms intervals, the I/O
coprocessor scans the cartridge and expansion sense
lines to determine the configuration and alert the
system and sends a configuration byte to the CPU. This
is - the first byte the CPU receives from the I/O
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/O coprocessor to send
another configuration byte to the CPU. The appropriate
bits set in the byte sent are set to indicate the
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t he vi deo control

er 66, an optional CD block decoder (not shg,

EBegﬁ?eplaced

74, the blitter 70, and the CPU 30 (through the processor |nte
Only one of the bus masters can control the SYSTEM bus 34 at |El| Mﬁ‘“l

The arbitrator wt
priorities of the
circuit conmuni cat

hin the video/ menory controller 67 controls
devi ces, as described herein, and is in electrical
i on mﬁth all the devices mﬁthin the A/V

controll er/coprocessor 32. For exanple, the CPU 30 has the | owest pri
of all bus masters until an interrupt occurs. Thus, the arbitrator is
‘circuit connunlcatPEﬁﬁ%MQﬁ1OEthetﬁ%SQENQﬁeﬁtéFFEbe‘GﬂiéhGOFﬁéSPﬁ@Qﬁrﬁﬂn

control l er 68. Thecaaatiage? 1i,Sbidt 1 acaisponast e canaddagbat, i &ngriefet ches

i nstructions for t
RAM | ocated at F14

5

10

By 4 38nas R 8le obDESACRS 23118, 2 fhE? o¥ndf- s

are set to ZERO.

'In addition, the CPU can transmit data to the I/0
devices wvia 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/0 ¢oprocessor wxites these bytes to the
I/O 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

15

template graphic image of the present invention-is also
straightforward. Aan interrupt handler executing on the
CPU 30 from the system BIOS rgceivés data from the input

"devices via the 1/0 coprocessor 36, as will be explained

20

25

30

in the text accompanying Figure 4. . The interrupt
handler merely places_any-transmissions from the I/O

ority
in

static

coprocessor 36 into memory 33. Application programs .

executing on the CPU 30 poll the operating system BIOS
periodically via a software interrupt to determine if
any inputs were received. If so, they are communicated
to the application programs by the operating system in
response to the software interrupt.

The application progranms monltor the current
template. If the default template graphlc image is
detected (the overlay sensor 124 will detect all
transmission-type identification patterns. 108, i.e.,

000000,), then . the application - program operates
responsive to the default template. If, on the other
hand, a template overlay 102 is detecteqd, then the
application program operates responsive to that
particular template overlay 102. '
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to F143FFH that can be used by the CPU 30 for variabl es,

code to speed up program execution. REPLACEMENT SHEET Dat'e

16 The video/ nenory controller 67 (the processor interface 60,
interface/refresh 64, and video controller 66) controls the SY

and provides the nenory timng signals (e.g., CAS,-RAS, wite enable,
for menory devices attached to the SYSTEM bus 34, as is well known in the
It suspends bus master operations during video lines for brief
periods to fetch any video display data, and to refresh dynam ¢ RAM

art.

ok

10

15

20

25

30

The CPU 30 has an operating system executing
thereon with special support for interfacing to the
touchpad. The operating system is loaded from either
the ROM in the sysﬁem memory 33 or from the cartridge
ROM 40. The operating system has the following commands
that are callable by application programs executing on

the CPU 30: define _a_region, set_mapping units,

clear_all_regions, and interpret_a_point.

The define a_region command allows application
programs to define a region of the touchpad and
associate that region with a certain region identifier
("region_id"). Any spot within this defineéd region
which is touched will be identified by that region_id.
In one. embodiment, after initialization, .the entire
touchpad is defined as a null region having a null

‘region identifier ("null_id"). 'That is, any null_id

location touched causes the 6perating system to performs

no task or functions, i.e., no parameters are passed to-

the application program. In the alternative, touching
a null region can trigger an error-handling routine,
which might, for éxample,,cause the system to indicate
to the user by way of an audible sound or "beep" that a

null region was touched. The define_a region command

assigns regions of selected shapes to other region id's.
Virtually any shape or combination of shapes can
be defined by the define_a_region command: circles,
recfangles, triangles, etc. Moreover, multiple shapes
cah be combined to form a conmplex shaped region. .Fbr
example, five triangles can be combined with a.regular
pentagon to form a star. Additionally, null regions can
be included using the define_a region command, thereby
allowing hollow shapes, such as annuli to be defined.
The set_mapping units command allows application
programs to define different units for the
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( DRAM) .
controll er

to suit different TV standards and nonitors up to a 640 by 48

standard. The exact video format
in the AAV controller/ coprocessor:
bl anki ng end, horizontal bl anking begin, horizontal

. syn

C,

hori zont al

display begi n,

hori zont al

syn

c,
begi n,
vi deo controller
ei ght bits fer pex@pleandthe mptegaﬁempusyeﬂtemh!éamwyu#ﬁp%ﬁ t he

pi xel ,

10
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hori zontal period, horizontal

hori zont al display end, horizontal fetch begin,
fetch end, horizontal vertical sync, vertical period, vertical

vertical bl a@szmse e&\ti»eg\ieht E&dhard aaiséﬁ&l}o%quamﬂ@rﬁuecabeﬁlwmgay
verti cal d'SBﬁQXm d, s&égso [ gerrLI# é¥]dlf Eggugﬁﬁrs

S per

as three ons aval our

rectangular device-resolution units, which are
determined by the resolution (width and spacing) of the
rows and columns; by using the set_mapping units
command, the application program can cause the operating

system to change the units to, for example, millimeters

or hundredths of an inch. In addition, the application
program might set the units to some other value. For
example, if the system display device has -a resolution
of 640 pixels by 480 pixels, the application might
assign the touchpad units to 640 by 480 units
corresponding to the pixels using the set mappJ.ng units
command. ’

The clear all regions command removes all the -

regions previously .defined with the define a region-
command, essentially defining the entire touchpad as a
null region. Application programs call this when a new
template overlay is.placed -onto the touchpad surface,
thereby clearing any defined regions associated with the
previous template overlay, if any. After clearing the
regions with the clear all regions command, the
application calls the define_a_region command to define
the regions of the new template overlay.

The interpret_a point command causes the operating
system to determine the region_id of the region touched.
This command can be initiated either by the operating
system itself, if the operating system is monitoring the
touchpad for touches, or by an application program, if
the application program is monitoring the touchpad for
touches. In one embodiment, the application program
polls the operating system to see if the operator
touched a touchpad region. '
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" THIS SHEET HAS BEEN

screen is not . tied to the video display width, but is define . REPLACED

I ndependently. The video/ menory controller 67 decodes the 16 -regabyte
address range of the 80376 CPU 30 into the foll owi ng nmenory nap:

_I

1 MB of

syst em RAM ( OOOOOOH - OFFFFFH), 4 MB for the first cartridge ROM (400000 -

7FFFFFH) ,
i nt er nal

FIFFFFH), and a 128 KB bl ock of system ROM (FEOOOOH - FFFFFFH).

4 MB for-the second cartridge ROM (800000 - BFFFFFH), 64 KB of

menory for the audi o/video controller/coprocessor (F1O00CH -

REPLACEMENT SHEET Date : 22 AUG 1995 17
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The touchpad sends to the CPU device-specific
coordinate information each time the touchpad - is
touched. Part of the interpret_a_point command is the
determination by the CPU of the touched region. After
this determination, the operating system returns a code
to the application program corresponding either to
region_id of the region touched or a code indicating
that no region was touched.

Use of the computer system with touchpad support
in the operating system is very straightforward. First,
an application program defines touchpad regions and
associates region _ids with the regions using the
define a_region command. Each region to be defined must
be defined using the defihe_a_region command; any
undefined region-wili remain a null. region with the
null id. _

Subsequent touches of.the'touchpad surface are
detected either by the operating system or the

application program depending upon which is monitoring

the touchpad. If the operating system is monitoring the

‘touchpad, it detects touches and itself initiates the

interpret a point command, which determines the
region_id of the region touched.'_If the region_id is
the null _id, then the operating system performs an
appropriate action, such as "beeping." In this case, it
will not pass any parameters to the application program.
If the region_id is not ﬁhe null_id, then the operating
system passes the region_id associated with the touched
region to the application program, which then performs
the function associated with the identified region_id.
If the application program is monitoring the touchpad
and detects touchpad touches, then the process is the
same, with the exception that the application program
causes the  operating system to initiate the
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kil obytes of internal nenory conprises palette RAM blitter redh B eplaced
DSP regi sters and nenory. The pal ette address range was st at Jﬁ‘ '
The blitter registers extend fromthe range F10400H to F107FFH.

menory extends from F10800H to F18000H:. if "the optional CD drive is added

to the system the following regions are added to the nmenory nmap: another 1

MB of system RAM (100000H - 1FFFFFH) and 128 KB for the CD drive (FCOOOCH -
FDFFFFH). The interrupt controller 68 interfaces six internal

interrupts to the CPU 30: . video interrupt (highest priority), analog
interrupt 0 (Al O, iabtefriet_at ppiupt cpmpAhd) radhekogthan etheptop2rapiay, CD

bl ock decoder integysipdn 31¢iREPhG N IddRhahbOVESdIRriority). The interrupt

control | e automat i cal hycl gar,g, AN LILPLELPLWHEDy e Brhdls PoH oL the

touchpad surface, then the application calls the
5 clear_all regions command, which causes the operating
systen to once again clear all the defined regions and
deem the entire touchpad surface a null region. Once
'again, the application program calls the define_a_region
command to cause the operating system to define the
10 appropriate regions of the teﬁplate and assign
region_ids to them as directed by the applications
" program.

A specific example of defining or mapping out
regions of defined shapes is depicted in Figure 4, which
15 shows -a touchpad after being mapped. = Regions of
sensitive areas shaped as (1) an arroy, indicated
generally at 196, and (2) a circle and an annulus,
S sepa:aféd by an annular null region, indicated generally
at 198. The individual sensitive areas are shown with
20 - small discrete symbols, as will be identified below.
After initialization or after the clear;all_regioﬁs
command is performed, all the sensitive areas of the
touchpad are assigned to the null_id, which is indicated
in Figure 4 by a "-“'symbol.' This means that if a "."
25 is closest to the. area being touched, that region is
assigned the nﬁll_id and the operating system responds

as described above.
To create the circle and annulus separated by an
annular null region, the application program calls the
© 30 define_a region command three times. First, the
application calls the define_a_region command with the
parameters (circle, 14, F, 4, 1). The term "circle"
indicates the shape to be drawn; "14,F" indicates the
coordinates of the center of the circle; "4" indicates

BC9-93-101  (21322-00187) : 41



acknow edge cycle. A mask bit is avai l abl e for each of the |mmBrSh¢eDHa&BeéEhfé laced
blitter 70 is a graphics processor for fast screen updates and

acting as a hardware graphics subroutine for the CPU 30 or UMIUlu"
executes commands witten by the CPU 30 and the DSP 74 into menor
performarbitrarily |ong sequences of graphics operations by readi ng new
command sets fromsystem nenory 33. It becones bus master through blitter
program operation, and can therefore have exclusive control of the SYSTEM
bus 34 for Considerable periods. However, its priority over the CPU 30 is

not absolute; it c&heradiaguestiche tCGrgileelru;meheu&eerEw%ﬁs hpreqpothfe CPU

30 when an interrupbcshgiilar delficeCPeksuitiiont RAitoyesid prirorindychtes nast er

at the system | evely, NOUEHS! +d bDAGn&OWY BheePRNIAL LhF Y NeBucn

har dwar e,
‘a command would create a virtual circle 200 encompassing

S the 52 sensitive areas enclosed by the circle 200 in
Figure 4. These 52 sensitive areas are all aésigned to
region_id 1 and are indicated in Figure 4 by the
following symbols: "o", ".", and "O". The 28 sensitive
areas indicated by the "o" symbol will remain assigned

10 to region_id 1; the others will be reassigned to other
region_ids by subsequent define a region commands.
Next, the application progran calls the
define_a_region command with the parameters (circle, 14,
F, 3, 0), with "o" indicating the null id as a -
15 region_id. - This creates -a virtual circle 202

. encompassing the'24 sensitive areas surrounded by the

circle 202. - These 24 sensitive areas are all assigned

to region_id 0 and are indicated in Figure 4 by the
following symbols: "-+" and "“O“.- Recall that these 24
20 sensitive regions were assigned to region_id 1 by the
previous define_a_region command. Thus, these may also
be considered to have been reassigned to a region_id 0.
The 12 sensitive areas indicated by the "-" symbol will
remain assigned to region_id 0; the 12 indicated by the
25 vYo" symbol will be reassigned to another region_id by
the third define a_region command. The 12 sensitive.
‘areas indicated by the "-" symbol are null areas, as
described above.
_ Finally, to complete the circle and annulus
30 separated by an annular null region, a final
define_a_region command is called with the parameters
(circle, 14, F, 3, 2). This command Ccreates a virtual
circle 204 encompassing the 12 points indicated by the
"o" symbol. These 12 sensitive areas are assigned to
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t her efore,

control.

versatile conparator to allow intelligent blitting operations

function unit (LFU) to generate the output data. The | ogic

the use of the SYSTEM bus 34 is entirely under Cgk
REPLACEVENT SHEET Date :... 22 AUG 1995 18 The blyuywyl

can conbine the contents of the data registers in a nunber of useful
to produce the output data-and the conparator can performcertain

conpari sons on-the data to inhibit wite operations,

blltter

oper at i on.
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region_id 2. Recall that these particular 12 sensitive
regions were assigned to region_id 1 by the first
define_a_region command and were then reassigned to the
null _id by the previous define_a_;egion'command. Thus,

~these may also be considered to have been reassigned to

region_id 2.

The resulting complex shape 198 is a filled circle
206 assigned to region_id 2 and annulus 208 assigned to
region_id 1, separated by an annular null'region 210
(assigned to region_id 0). The sensitive areas in the
filled circle 206 are indicated by the "oO" symbol. The
sensitive areas in annulus 208 are indicated by the "o"
symbbl. Finally, the sensitive areas in the annular
null region 210 are indicated by the "-" symbol.

In the alternative, the define_ a_region command
can be configured to directly support an annulus,
thereby allowing the complex shape 198 to be created
with two commands: a circle and an annulus.

Creating the arrow 196 requires two calls of the
define_a_region command. The first call has parameters
(rectangle, 6, C, 9, I, 3), with "rectangle" indicating
the shape, "“6,C" indicating'the lower left hand corner
of the rectangle, "9,I" indicating the upper right hand
corner of the rectangle, and "3" indicating the
region_id. Such a command creates a virtual rectangle
surrounding the sensitive areas indicated with the "a*
symbol. The second define_a region coﬁmand.has the
parameters (triangle, 1, F, 6, A, 6, K, 3), with
"triangle" indicating the shape, “1,F", "¢,AY, and "6,K"
indicating the three vertices, and "3" indicating the
region_id. Such a command creates a virtual triangle
214 surrounding the sensitive areas indicated by the "a"
symbol. Notice that both ‘the rectangle 212 and the
triangle are assigned to region_id 3; they have the same
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The Iog| c function unit generates the output data, which |sm(sgf,getq.ﬂ,s§3gntR aced
destination in.systemnenory 33. It can perform any | ogi cal

the source and destination register pixels. "Source data pi xeﬂmuﬂlnl
"selected fromeither of the source data register or the data

regi ster. The LFU sel ects any. of the four Boolean mnterns (A& B, A&B A
& B, and A &B) of the tw sets of input data from the data

regi sters, and generates the logical OR of the two selected mnterns. This
al l ows any | ogical conbination of input data; thus 16 functional

possi bilities existregiaa_idenpHpes orthecfivio %pfearmre aappadi Be ythefsame
conpari sons on t he flaicxion khe é@gﬁq&e €rstdridthd 096. amdnpal t &/ toubH an

regi sters. its [ c iLtion re en nerates_an

| nﬁl bit si gnal T%(e)&?e%h %P%]a 8P ltﬁssatfgea %’qbtﬁ% Féﬁs%ﬁsel ?felgopsea?naet I on,
and response from he appllcatlon program. The rema:.n:mg

5 sensitive areas of the touchpad surface, indicated
generally at 215, are still assigned the null_id as a
region_id. These sensitive areas are indicated by the
".n gymbol.

It will be readily apparent that a great variety
10 of complex shapes can be formed in this manner. Each
shape can have a unique region_id or one or more regions

can share a region_id.
During use, pressing the touchpad with the mapped
regions shown in Figure 4 causes the operating system to
15 determine the region_id of the area touched. For
example, if location 13,E (indicated at 216) is pressed,
the coordinates of the touched location are transferred

to the CPU via the 1link 22, the operating system
determines that region id 2 was pressed and passes
20 region_id .2 to the application program, which then
performs the function associated with region_id 2.
on the other hand, pressing a region assigned to
the null_id does not cause the operating system to pass
a region_id to the application. Rather, as described
25 above, the operating system either does nothing or
"heeps" or performs some other appropriate activity.
For the application to detect the touch of a "“null"
region, the application must first call the
define a region command to assign the entire touchpad
30 surface to a certain region_id and, when making hollow
regions, assign any hollow region to that region_id.
In the above mapping the term "virtual" was used
to describe the shapes: circle 200, circle 202, circle
204, rectangle 212, and triangle 214. This term is used
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optionally, to

be used to provide a pixel plane effect, to give transparen
collision detection and system nmenory 33 search operations,
to character painting. The DSP 74 is a sinple, very high- spe
operating at up to 33 mllion instructions per second
(MPs). It has access to the SYSTEM bus 34 via a DSP DVA controller

for sound synthesis,

stop the blitting operation. The co aratoEig

shown), which allows it to read and wite bytes or words into
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because the sensitive regions do not have infinite
resolution. In fact, when the term "sensitive areas"
defined by the various symbols is used, that term means
the area of surface closest to those symbols; therefore,
any shape defined will be an approximation of the final
shape the region of sensitive areas map out. The higher
the resolution of the touchpad, the closer the sensitive
area mappings will approach the virtual shapes defining
then. ' _

While the present invention has been illustrated
by the description of embodiments thefeof, and while the
embodiments have .been described in considerable detail,
it is not the intention of the applicant to restrict or

-in any way limit the scope of the appended claims to

such detail. Additional advantages and modifications
will readily. appear to those skilled in the art.
Therefore, the invention in its broader aspects is not
limited to the specific details, representative
apparatus and method, and illustrative -examples shown
and described. Accordingly, departures may be made from

" such details without departing from the spirit or scope

of the applicant's general inventive concept.
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system'nenory 33. These transfers occur in short bursts Th&rsﬂeeanﬁ
DSP program control. The DSP 74 actually executes prograns an

inits own private high-speed nmenory 76. The DSP 74 audi o copr l
general purpose arithmetic coprocessor with sufficient power to |

a high performance nmusic synthesizer. Synchronous serial outputs are
provided for a generation of stereo audio signals with 16 bit precision,
giving a sound quality normally associated wi th conpact disc technol ogy.
The DSP 74 is mcro-programmable fromthe host CPU 30 and the instruction
set is sufficientl Weflcédaibte to enable the user to programthe device to

fulfill many diff erqnt hus&hp ey thstemlom@tikengli fferent fromthat of

sglejzlcﬁ synt hesi zer . Stlch a%glnx__rgilé)r%scessmngh&mt (@%wde al gorithmc
3 : (b) a memory in circuit communication with said

CPU;

(c) a peripheral interface circuit in circuit
communication with said 'CPU characterized by being
capable of interfacing to said CPU coordinate type data
from at least one external touchpad. having a fouch—

O ®© N o0 0 >

sensitive surface; and

i0 : (d) touch region definition logic associated with
11 said CPU .and said peripheral interface unit and
12 configured to define a region of the touchpad and
13 associate the tegion with a region identifier responsive
14 to input from at least one appllcatlon program executing
15 on sa1d CPU.

2. The computer system of claim 1 further comprising
region identification logic associated with said CPU and
configured to determine the region identifier of a
touched region of the coordinate type device responsive

U o W R

to a touch of the surface of the touchpad.

3. The computer system of claim 1 wherein said region
defining logic is further characterized by being capable
of defining at least one null region of the touchpad
surface characterized by a touch of the at least one
null region not being communicated to the at least one

[ R © N - N ¥ T N T

application program.
4. The computer system of claim 1 further comprising

touchpad mapping units logic configured to change the
units of the inputs to said region defining routine
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generation, audio analysis using fast Fougi

t hr ee- di nensi onal

ti ol L tnlnrr/§ 27 '
graphics rotations. The ﬁ&m%. 3 ar chi te
(separate program and data buses) for naxi hput The DSP 74

has an arithnetic logic unit (ALU), which

16-bit hardware nultiply/accunul ate as well as addltlon ‘subtraction,

| ogi cal functions.
generates one quotient bit per tick. The ALUw thin the DSP 74 is a 16-bit:

There is also a.separate serial divide unit, mhich

arithmetic logic unit, with the sane functions as a Texas Instrunents
74181, which is felTesaensmivente hinpits feemnbre atarliepBierne aPRbidadtioons

are encoded

S priejdamCt i ons;
directly setting up the ALU node bits with the general

i nstruction (GAIl.

2
3

W R

W 0 N O U b W N

el o e =,
W N Mo

5. The ¢omputer_system_of claim 1 wherein said tohch'
region definition logic comprises circuitry in circuit
communication with said CPU.

6. The computer system of claim 1 wherein said touch
region definition logic comprises executable code for
execution on said CPU.

7. The computer system of claim 1 wherein said touch
region definition 1logic is configured to allow the
definition of regions having various geometric shapes.

8. The computer system of ‘claim 1 wherein said touch
region -definition logic is .configured to allow the
definition of triangular, - rectangular, and: circular

‘regions.

9. A computer system comprising:

(a) 'a central processing unit (CPU);

(b) a memory circuit in circuit communication with
said CPU;

{(c) a video circuit in circuit communication with
said CPU and said memory for generating an electrical
signal corresponding to a visual image to be displayed
on a video display device; _ '

(d) a peripheral interface circuit in circuit
communication with said CPU for interfacing signals from
external devices to said CPU;

(e) a pad surface exposed to allow contact by a
finger, stylus, or the like;
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The DSP* 74 has a DSP nenory 76 associated with it.

The DSP ndhg BeenRe laced |
conprlses pr ogram RAM data RAM a REPLACEMENT SHEET 2 2 A
t abl e,

Date:...... ... .. . . . . 20 reglster/constant
(all not shown). The DSP menory 76 in genefal is ac
DSP's internal address space as well as the address
menory 33. The DSP program RAMis 512 18-bit words.

only be witten by the CPU 30, and are program read-

ceSS|bIe |n bot h th
space of the system
These | ocations can
only as far as the DSP

74 is concerned. Program RAM does not appear in the

14 (f) a retainer for removably securing a template
15 overlay.proximéte to said pad surface;
16 (g) a coordinate sensor proximate to said pad
.17 surface for generating at least one electrical signal
18 and configured such that the cumulation of said
'19 electrical signals correspohd to the coordinates of the
20 location of the Stylus[ finger, or the like touching
21 said pad surface or touching a template overlay
22 proximate to said pad surface;
23 (h) a rigid base proximate to said pad surface;
24 (i) coordinate determining circuitry in circuit
25 communication with said coordinate sensor for
26 determining the coordinates of the styius, finger, 6r
27 the 1like touching said pad surféce or touching a
28 template overlay proximate to said pad surface;
29 (j) interface circuitry in circuit communication
30 with said coordinate determining circuitry and said
31 peripheral interface circuit for communicating the
32 determined coqrdinateé thereto; and _
33 (k) touch region definition logic associated with
34 said CPU and said peripheral interface unit and
35 configured to define a region of the touchpad and
36 associate the region with a region identifier responsive
37 to input from at least one application program executing
38 on said CPU.
1 10. The computer system of claim 9 further comprising
2 reéion identification logic associated with said CPU and
3 configured to determine the region identifier of a
4 touched region of the coordinate.type device responsive
5 to a tough of the surface of the touchpad.
1 11. The computer system of_claim 9 wherein said region

defining logic is further characterized by being capable
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DSP i nt et nal

addr ess space.

74 also has a serial audio digital-to- analog convertor (DAC

when the DSP 74 is running, but is accessible when the DSP is { !! Um
!

The seri al
serial [err]

control ler/ coprocessor 32 connects to the external
converts the eighteen bits of pixel

DAC interface allows the DSP 74°to both drive a sync :
or simlar) DAC, and to input data froma synchronous seri al
data source such as a CD drive. The video controller 66. of the AV

The program RAM i s not accessi leﬂssheptﬁbbeB

i’

vi deo DAC 50, whi ch
information 78 (-six bits each of red,

green, and bl ue)3f rofm dé¢finiinde@tcdieast| oee 6681lLntregion REB signadudpadas is
wel | known in thg agirraeacknaghstesitiiinaly (R &Abh @80 he i RaBEChnaf the

vi deo DAC 50 is

transi st or,

as 's
6

A & W NN =

W 0 N O obd W N e w

B R OR R e
o W NN = O

b e BB ol A AR LRRLRISledd B8 BRE 2e TEER one

n
application program.

12. The compﬁter system of claim 9 further comprising
touchpad mapping units logic configured to change the
units of the inputs to said region defining routine
responsive to inputs from the at least one abplication

program.

13. The computer system of claim 9 wherein said touch
region definition logic comprises circuitry in circuit
communication with said CPU. '

14. The computer system of claim 9 wherein said touch
region definition logic comprises executable code for

execution on said CPU.

15. In a computer system having a central processing

unit (CPU) and a peripheral interface circuit in circuit

communication with the CPU and for electrically

- interfacing to the CPU an opaque coordinate type input

device having a touch-sensitive surface, an'operating
system comprising:

(a) a region defining routine configured to define
at least one region of the coordinate type device and
associate the region with a region identifier responsive
to inputs from at least one application program
executing on the CPU; _

(b) a touchpad interface routine configured to
acquire coordinate type data from the peripheral
interface éircuit;
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The devices in Figure 1C are in circuit comunication, as ShoWiet HebBsen Replaced -
resistors 86a-86j in Figure 1C are all 0.25 watt resistors Vi ' " J
shown, within 5%tolerance. The transistor 88 is a 2N2222.
again to Figure 1B, the RG signal 80 is converted to an 'NT
video signal 90 by 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 bl ue 80c video outputs, which are
REPLACENMENT SHEET Dat e(€) 22 magiongddentification rbutine configured to

16 determine the region identifier of a region of the

17 coordinate type device responsive to touches of the

18 surface; and '

19 (d) a region identity communication routine

20 configured to communicate the determined region

21 identifier to the at least one application program.

- 16. The computer system of claim 15 wherein:

1

2 (a) said region defining routine is further

3 characterized by being capable of defining at least one

4 null region of the touchpad surface characterized by a

5 touch of the at least one null region not being

6 communicated to the at least one application program;

7 and .

8 (b) said region identity communication routine is

9 further characterized by not'COMmunicating to the at
i 10 least one application program a touch of the at least

11 one null region.

1 17. The computer system of claim 15 further comprising

2 a touchpad mapping units routine configured to change

3 the units of the inputs to said region defining routine

4 responsive to inputs from the at leasﬁ one application

5 program.
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21 generated by the vi deo DAC 50, and generates a conposi te vid

in the well known NTSC or baseband video format. - In th@his

the well known PAL (European television signal standar d)

generated. The conposite video signal 90°is connected to ext

with a single femal e RCA type phono jack (not shown), s well known in

the art. In the preferred enbodi nent, the NTSC PAL.encoder 52 is a CXAl1145,
manuf actured by Sony. Corp. In the alternative, an MC1377, manufactured by
Mot orola Corp. can be used. The audi o ADC/ DAC/ CODEC 54 is |inked to the DSP
74 with a serial link 96 conform ng t PRIFEAGEI | known Phi lips [err]

pr ot ocol . The ADC/ DACECBDPERS Sysdewrerospriwilnggadeeattal grgeessimat a, and -

vice versa, and GRI®I eeFES caifiguiREOTY GxRRpt GoBbhfhatdafhe data The
from a touchpad or the like. The CPU has an operating
5 system executing thereon with special support for
interfacing to the touchpad. The operating system has
the following capabilities: (1) mapping out geometric
‘regions of the touchpad and assign the regions to
specific region identifiers responsive to application
10 programs and (2) determining the region identifier of a
touched region and passing that region identifier to the
application programn. Support is also provided for
changing the units of the commands used to define the

regions.

15

470\21322187 .APP
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ADG/ DAC/ CODEC 54 interfaces external stereo anal'og data 97a- 9ifpSheétiHasnBeen Re laced -
optional m crophones to the -AlV controller/coprocessor 3% ( t\mmm\

i nputs 97a-97b are connected to exteb@anedevi ces with a stand

1/ 4" connector. The audio ADC/ DAQI CODEC 54 also interf S

di gi tal dat a from the Al'V control |l er/ coprocessor to external

devi ces by generating left and right audio |ine out signals 98a-98b. These

signal s 98a-98b are connected to external devices, such as optional

speakers (not shown) with two fenmal e RCA phone jacks, as are well known in.

the art. As nentioned beI&ww—%km;éuuﬁ4;JJ-ne_ngnaLs—98ap9?b are al so added
h

to the RF video signal 22! I-Q-t-.h% preferred enbodi gt ADC/ DAGHCADEC
54 is a CS4216, manufacturied py—8rystah Seni c&m@e&?—-ﬁe partl/ ont ai ns -
m crophone inputs, wth pr;ogr AN edd Ge Ln,) ROM

| 44 :

o n:r:r.r:tmx_:v' /—-12
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. 0 |
I ey K 1 > Coprocessor | |
P 31/ ‘U 38 |
REE 32~ ~ |
: : Video DAC
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emory Coprocessor RF Modulator | |
l . Audio DAC [
L i
29 - RF Video
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From QOther Input ‘
" Devices Lif any)
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aced

|

a

g LT

REPLACEVENT SHE|

BAC/ CODEC 54 can be r

Gai n and

t h& " AT

a TDA1311 DAC nmanufactured by Philips."f this chip is used,

as outputs wth programmabl e attenuators.
CODEC functions w ||

bot h programmably controlled by the DSP 74.
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that is suitable for being directliy inputted into the TV 16. To

the different PAL (European tel evisi oheakih® standard) and NTS

different RF nodul ator and crystal nust ¥e used. The RF video sigr
connected to external devices with a singlefemale Type F coaxi al
connector, as is well known in the art. Referring now to Figures 2A-2M and
3, an enbodinent of the input device 18 of the present invention is
shown. As shown in that figure, the input device 18 conprises a touchpad
19 and two joysticks 20a, 20b enclosed in a single enclosure 100. The

encl osure 100 is nade of ABS-T (acrylonitrile-butadi ene-styrene; avail able
fromwhng' s Electronics Co. LTD., Wings Industrial Centre, 180 Wai Yip '

ADC/ DAC/ CODEC 54 onto a carrier frequency to gener ate an RF vi dﬁﬂsmétﬁﬁkeeﬁﬁeplaced
W

Street, Kwun Tong, _ +5voC
+5voC
86g )
1.3k |
o o 100 .
Red0 M %61
47K 11
78 86b
Redl | AR _+
24K '
78 i 86 5
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Reaz HC 8 i
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accepts tenplate overlays 102, each of which overlay conpris

a tab 106, and an identification pattgif#.el08 at one edge on

tenpl ate overlay 102 is nmade of a thin«mterial such as coate

coated cardboard, or polyester film One suitable pol yester f| I m IS

manuf actured by Du Pont and wi dely avail abl e under Du Pont's "Ml ar"
trademar k. The body 104 has a graphical inage inscribed therein . or thereon;
that is, the graphic design is witten, printed, painted, carved, engraved,
sil kscreened, or REPLACENEw'a SHEET Date : Z/AUGI!DS%

=<

Kow:oon, Hong Kong, as material ABS, grade T). The |nput T@eﬁh@malgeenl aced .
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23 ot'herwi se permanently affixed on or in the overlay bod g@ﬁwuﬁbgah
extends fromthe body 104 and is used to grip the tenplate

The identification pattern 108 wil| %Ctibed in the tex

Figures 2G 2K. The touchpad 19 has a pad: surface 110, mhich

all ow contact by a finger, stylus 21, or the like. The pad surface has a
default tenpl ate 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, sil kscreened, or otherw se
affixed on or in the pad surface 110. As shown in Figure 2A, the follomnng
functions can be supported by the default tenplate graphic design
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I nscribed in or on the pad surface 110: “enter," "exit," "pause,"
"previous," "next," and arrow keys (up, down, left, and ri ght )ThlSShdetHa‘sBee laced
alternative, "select" can be used insteggngt~"enter” and " canc

used instead of "exit." Again in the alternative, ten rect "I
can be mapped out--one for each Arabic nuneral. Again in the al ternatlve
the letters of the English | anguage can each be mapped to a region of the
touchpad. Again in the alternative, a QAERTY keyboard coul d be napped onto
the pad surface 110. I ndeed, virtually any pattern, or conbination of
patterns and synbols, can be chosen. The default tenplate graphic image
shoul d be chosen to be useful to a large nunber of applications targeted.
for the system 10. The input! tewice 18 conprises two forms of retainers to
secure a tenplate overl 02 prt)\sl mate to 20 oF

104— 102

FIG. 2C

105\ _ /1 16b-
102
IS S ////////////////// s

116b
e~ 104 102

(. /////////////9




the pad surface 110: (1) an overhanging |ip 112; which dBﬁﬁT#Lé%miﬁﬁﬁézﬁﬁfi§EEN
straight lip portions 112a-c that define a generally U-Shﬂge sl ot. 114 and .
that retain the REPLACEMENT SHEET‘Remersie 22 AUG 1995 2

labedy
102 on threé sides and (2) a pair of rimges 116a, 116b tha
tenpl ate overlay 102 on the fourth side. The lip 112, slot ) es
116a, 116b are shown in nore detail in and described in the tex
acconpanyi ng Figures 2C, 2D, and 2E. Also shown in Figure 2A are a handle
118 for carrying the input device 18 and a tubul ar aperture 120

i

112a




e

for-storing the stylus 21. Referrlng now to Figure 2B a top plan Vi S
the input device 18 with a tenplate overlay 102 i'n place mmbﬁh -
pad surface 110 is shown. As shown e EWHt® figure, three si
104 of the overlay 102 are slipped unG@r the three lip porti ;
Al so shown in that figure are the ridges 116a, 116b retaining the fourth
side of the body 104 of the overlay 102, one positioned on either side of
the tab 106 of the overlay 104. The overlay 102 is inserted by slipping the
| eft hand and right hand sides of the body 104 of the overlay 102 under the
lip portions 112a and 112c and sliding the overlay 102 down until
bott om edge of the body 104 of the overlay 102 is under the other ¢\p

portion 112b. Finally the Gvetlay S- d-and the tah 106
nested between the ridgesullﬁa! éﬁfﬁgi_;iftffﬁf_gi : ! ?
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cein o

whi'ch retain the overlay 102 at the top side. Figures 2C, Zg[Ténd 2E show -
the details of the ridges 116a, 116 nd the overlay 102. Fi gt ShectPaSBRMRe laced |
the tab 106 extendi ng beyond the ri g%zi . Figure 2E shows t

of the overlay 102 abutting the ridge ‘_’1’16b The overlay 102 |Z\mﬂg
gripping the tab 106 with thunb and forefinger and raising th

the overlay 102 above the ridges 116a, 116b, thereby allow ng the overlay

102 to slide out fromunder the U shaped |lip 112 and over the ri dges 116a,
116b. REPLACEMENT SHEET Dat e: 22 AUG 1995
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_ ' _ hiirl.ue cur:;::r__;n_e.n::sgN
25 Fi-gure 2F shows the slot 114 that retains the overlay 102 on three. . e

sides. Also shown in that figure are t he _:t-guchpad sensor 12pjs Shéet Has@Bied laced .
sensor 124, a cavity 126 for storing éﬂﬁkurality of tenpl ate . -
and a substantially rigid base 127 mad®&"of the same materi al L\‘MLH“MWE“

encl gsure 100 that provides a resistive force sufficient to ouc

of the sensor 122 to be detected. The touchpad sensor 122 is | ocated

proximate to said pad surface -110 and is configured in such a nmanner that
pressure on or near the pad surface 110 by the finger, stylus 21, or the

i ke allows the sensor 122 to detect the |ocation of the touch. The

touchpad sensor 102 can be any one of nmany types, such as

i npedance- based sensors, acoustic
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| e i
sepsors, and switch closure type sensors.  Exanples incl Ul% ﬁ@{m@aemke laced - J
switch matrixes, e.g., the device disclosed in U S. Patent

Florella, and finer resol ution -swi fefealeosure type sensors, “g m
device disclosed in U S. Patent No. 41529,959 to.lto et al. ul

sensor 102 can be purchased fromWng's El ectronics Co. LTD., Wngs

I ndustrial Centre, 180 WAi Yip Street, Kwun Tong, Kow oon, Hong Kong,

part nunber PR39983. The sensor 122 generates at | east one electri cal

signal responsive to the stylus 21, finger, or the |ike touching the pad
surf-ace 110 or touching the tenplate overlay 102 proxinmate to the pad
surface 110. For exanple, switch closure type sensors typically require a
nunber of drivers to sequentially drive he many Jj nes o.@, one axis and a
nunber of recei ver@ to detect \Msu ch of 9 ~ S
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the lines on tjhe other axis is conducting the signal drive
Knowi*'ng whi ch driver generated the signal detected by whic
one to REPLACENVENT SHEET Date: 22 AUG 1995 26 deternine

EPLAC }ENT SHEET

t he 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 oyverlay sensor 124 of the touchpad
19 and the identification pattern 108 of the tenplate overlay 102 nust
correspond Moth in

COMPUTER S8YSTEM WITH TOUCHPAD
SUPPORT IN OPERATING SYSBTEM

Field of the Invention

The present invention relates generally to
coordinate-type pointing devices for use with digital
systems and, more specifically, to a computer system
with support for a touchpad in the operating system.

, Background of the Invention

Video graphics computer systems are well known,
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 wunit receives
controlling software from a read only memory (ROM) that
is usually packaged in the form of a cartridge. The
cartrldge is removably plugged into the data processing
unit. At least one pointing device, such as a mouse,
joyétick, touchpad, touchscreen, switch pad, or light
gun, is alsa_connected to the data processing unit to
allow the player to input positional information that is
used by the contrblling software to execute the
application. : ' '

The data processing unit typically has a single
central'processing unit (CPU) and associated volatile
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 ihterface to the various
pointing devices. = These devices are in circuit
communication. One distinguishing'characteristic of
these systems is the use of a motherboard or system
planar to electrically connect these components
together.

Touchpads are coordinate type pointing devices
used to input coordinate type data to computer systems.



REPLACEMENT SHEET ||
| ocation and in device technology. A suitable overlay sensofl 124 Hf a 6§qk_i
of six optoelectrical transmtter/ receivers each havi ng an{jabgée 2A .

transmtter and an angl ed receiver, which are well known inY

avai l able fromwng's Electronics Co. LTD, as part nunber PR39990. As shown
in Figure 2G the overlay sensor 124 is optically coupled to the
identification pattern 108 via six holes 138a-128f in the enclosure 100.
Under each hole 128 is a single optoelectronic transmtter/ receiver pair
(not shown). In another enbodi nent (not shown), the six

recei ver/transnit t Bre piychped tisetypicdldy e preossurersemgithve shoumdddes

128a- 128f can be dpvirledcipimid Vor Haidtifg LbBEgLi AW Hdsiraned 0ftg On

el ther si de of the L oHehnad SEN0Ladfdroul Al e oMESEe ULE0a ridde 1260

stylus, or the 1like, the touchpad determines the
location being touched and reports via some type of
generated signal to the attached computer system the
coordinates of that location. In response, the computer
performs the function, if any, associated with the
location pressed. :

Typically one or more regions of the touchpad are
assigned to ‘certain functions within the system or
within application prdgrams such as entering data or
providing directional inputs. The user conventionally
is made aware of what function is associated with which
region by a template. A template is a sheet with a
graphic design and is typically superimposed on the
touchpad surface. The 'graphic design typically
del_ineates or maps out regions of the touchpad -surface
and the regions are normally labeled to provide a
reminder to the user as  to which functions are
associated with which of the various mapped out regions.

In typical touchpad systems, application programs
receive coordinate location data signals from the
touchpad. For example, when the touchpad communicates
that the pad surface was touched fifteen columns over
and twelve rows down, the application program must
associate the coordinate location with the function
mapped to that particular region. That is, the
application program must decode the signal which
indicates region of the graphic design was touched
thereby determining the function associated with the
touched location.

Relying on each application program to determine
which region was touched leads to several problems.
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receiver/transmtter pair) can be positioned under one |ip ortioggi&jp a@gs
the other three holes 128d-128f (and their associated recei lydatd r.dn. .nEe -------

pai rs) can be positioned under another lip portion 112c. Fi 2K STTOW
exanpl es of identification patterns 108. The identification patterns 108
are |l ocated on one edge of the tenplate overlay 102. There are six

I ndi vi dual marks--one for each individual tyansmtter/receiver pair of the
overlay sensor 124. \Wien the overlay 102 iS5 in place, the identification
pattern 108 aligns with the sensor 124. If the REPLACEMENT SHEET
Dat e: 22 AUG 1995. . .First, applications become hardware . dependent. A

particular application must "know" the resolution (the

number of rows and columns), overall size, and data
format of the touchpad being used, thereby leading to
applications possibly being unable to perform with
various types of touchpads. As technological advances
increase the resolution of the touchpad, existing
programs may not have the flexibility to adjust.
Second, this requires application programmers to write
into the application programs location decoding code.
Thus, each application program must have its own region-
determining routines, thereby 1leading to unneeded
duplication ‘of effort and possible inconsistencies and
even errors in the way touchpad regions are supported.
summary of the Invention

According to the present invention, a computer
system is provided with touchpad support in the
opgrating systen. - The operating system has the
following capabilities: (1) to map out geometric
regions of the touchpad and assign the regions to
specific region identifiers responsive to application
programs and (2) to determine the region identifier of
a touched region and pass that region identifier to the
application program.

These common capabilities provide consistency and
flexibility to the task of interfacing to a touchpad.

These - and other advantages of the present
invention will become more apparent from a detailed
description of the invention. '

Brief Description of the Drawings

-In - the. accompanying drawings, which are
incorporated in and constitute a part of this
specification, embodiments of the invention are
illustrated, which, together with a general description
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27 alternative enbodi nent, described above, in which two grQups O&sﬂlﬁm
hol es is used for the sensors, then the identification patt@rDse 1@3L. MABL.N....
| i kewi se be divided into two groups of three and positi oned sre=or—eFt
" side of the 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. Jf the material fromwhich the
overlay is made is white, then regions of b‘-T—ack ink or paint applied to the
back of the overlay can be used as one formof identification pattern and
whi te areas w t houtofbl ddle | dhveahidre usierdnas abheept hemd Bxtenpldstailefl

Sﬁvera! di fferent geske3pthb® FHiEhi Baibwnerelt tdesidrpieathoniaidigngs are
sAown I n

of this invention.
o o e figures from "Default Template™
application.
Figure 4 shows one possible configuration of a
touchpad mapped with the operating system with touchpad
support of the present invention.

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
thereto. Also connected to the data processing unit 12
is a standard television 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
précessing unit 12 coordinate 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 movements of the joysticks 20a,
20b. Although not shown in Figure 1A, the standard TV
16 can be replaced with a pair of speakers and a display
device that accepts a composite video signal. The input
device 18 connects to the data processing unit 12 via a
serial data link 22. The TV 16 connects to the data
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
12.
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Figures 2H 2K Fi gures 2H  through 2K - show idgntifi ?él mG 1895

patterns 108 corresponding to binary patterns of 0100012, -QLbafbQA2&.. 1AM, Jiaxe SO

0000002, and 1111112, respectively. Thus, the identificati orpatterrs
appear to be a group of light and dark regi ons spaced al ong the edge of the
tenpl ate overlay 102. The 0000002 pattern is shown for illustrative
purposes only. In actual use, the all whits 0000002 pattern will probably
not be used, because that pattern corresponds . to the absence of any

tenpl ate overlay 102, in which case,. the default temnl at ewgr aghi c i mage
woul d be used. Figure 2IERShPERCPESES r St tel &% at FUWEHSFPewfof SBREF hput
devi ce 18 of the ppesesssing/enhion, (CPHIWSIGhehpwiing i @ni BYSTEM t besj oyt i cks

20a, 20b one on eagBsstfgcdd thenbeuehdrrd 19an AsadhiQvildBot hat (f}@ure,

the J oystl cks 20a, cgrggrglal%r}/ré%\ﬁgoggsnseor{l §5¥ gussyhs légnt I(Rgmory 33, which is
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/0 coprocessor
36, two cartridge connectors (one indicated at 28, the
other not shown), additional circuitry 38 required to
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 iB.

. The CPU 30 generates multiple buses: a DATA bus,
an ADDRESS bus, and a CONTROL bus, as are well known in
the art. These three buses are collectively referred to
as  the SYSTEM bus 31. In the preferred embodiment, the
CPiJ 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 also available from Intel Corp.
The 80376 differs from the. 80386SX in that the 80376
starts up in 32~bit mode, rather than 16-bit mode.
Specifically, the CRO register is forced to a 0011H
(0011 in hexadecimal notation) state with bit 0 forced
to a logical ONE, effectively making the 376 operate in
a 32-bit. memory 'mode. Paging is enabled to allow
virtual 386 operation.

The A/V controller/coprocessor 32 generates three
spare general purpose I/O0 decoder lines (GPIOl, GPIO2,
and GPIO3) from the SYSTEM bus 31, each providing a 32-
bit I/0 address range. The general purpose decoders can
be used to provide three active low chip enables to
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Figure 2M which is a partial sectional view taken substantralty
along the plane designated by the line 2M 2Mof Figure 2A, shows the
details of the joysticks used in the input-device of the present invention.

The details of Figure 2M are repeated for both joysticks 20a and 20b.

Mor eover,

the details of Figure 2M are 90-

devices external to the A/V controller/coprocessor 32.

.In the data processing unit 12, the general purpose

decoders are used to decbde address ranges to the I/0O
coprocessor 36 (GPIOl) and the two cartridge connectors
(GPI0O2 and GPIO3). The remaining circuitry of the A/V
controller/coprocessor 32 is discussed below.

‘The system memory 33 comprises screen RAM, system
RAM, and bootstrap ROM (all not shown). The on-board
screen RAM and system RAM is 1 megabyte of 32-bit DRAM.
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. All
internal locations are on even address-boundaries; word-
wide I/O reads and writes can be performed where
appropriate. In this particular embodiment, the byte-
wide writes cannot be performed on word-wide registers
and I/0 cycles cannot be used to access odd addresses.

The bootstrap ROM is always 16 bits wide. The
bootstrap ROM comprises two 27C512 erasable programmable
read-only memories, manufactured by ' numerous
manufacturers, thereby giving 128K of bootstrap ROM.
Following a reset, the one megabyte window from F20000H
to FFFFFFH containing ROM and internal memory is
repeated throughout the 16 megabyte address range.

The system memory 33 is shared between a number of
devices. The -A/V controller/coprocessor 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.
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degrees rotationally symretrical; thus, while two of nany st
shown in that figure, actually four of the sane structures

——

particul ar enbodi nent. The joystick 20a is affixed to a rod

.

extends through an aperture 136 into the volune defined by the encl osure
100. The rod 134 termnates in a pivot point 138, which pivots on a swtch
base 140. The switch base 140 is secured tg@ the encl osure 100 by four
screws 142a-142d to several standoffs 144a-144d, which are physically
annexed to the enclosure 100 The aperture 136 is seal ed by an annul ar seal
146, the annulus of whi dfei%/@ §W@§P9e%ﬁQﬁnﬁﬁt%ﬂ?qn§9°$§4téﬂdc?%e3%u?%r edge
of which is physi cahhgronnenpitt et iressneuoRuaee tHO iaput e vz L8r @ndy

common methods. Thepk P4i Claet8Balassibnl 4aded) e4dyiBaIM Aod™ShelinfPOU!
t he pivot point; i B The rod 134 can nove seven
controllers (not shown), a mouse (not shown), and a
printer (not shown). In the preferred embodiment, the
I/O0 coprocessor 36 is a preprogrammed MC68HC705C8
(hereihafter "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 DO-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;
and (3) PB3, PB4, and PBS5 are connected to ADS, READY,
and W/R, respectively, of the CONTROL bus. The I/0
coprocessor 36 is . decoded . by the A/V
controller/coprocessor to have four 16-bit addresses in-
I/0 space (referred to herein as AS0, AS2, AS4, and
AS6).

The prograﬁ 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 I/0 port to
the CPU 30. A pair of internal latches holds data
passing between each of the processors. until the other
is ready to receive it. - Status bits to each processor
indicate the condition of the data latches. Each can
tell if the previous data has been read and if any new
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
the input devices, (3) a cartridge/expansion'sense, for
deternining the presence or absence of a cartridge 14 in
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degrees from being perfectly perpendicular to the plane defiljped by eAua 1395
swtch base 140 in virtually all directions. The rod 134 hag bggn"g _____ Ry W
actuator arns 150a-150d physically annexed thereto. The actt

are |located proximte to four rubber donme nonentary pushbutton sw tches
150a-150d, which are physically annexed to the switch base 140. The arns
148 and switches 150 are configured so tha when the joystick 20a is

di spl aced fromthe perpendicular, one or nore of the arnms 148 cause a

cl osure event of their associated REPLACEMENT SHEET Date :22 AUG 1995 29
each cartridge connector and the presence or absence of

an expansion device or ¢D drive in the expansion
connector, (4) a system reset, and (5) an I2c
nonvolatile RAM (NVRAM) interface. The I/0 coprocessor
36 also 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/O coprocessor 36 to
expire at regular 50 millisecond intervals. Each time
the watchdog timer expires, the I/0 coprocessor 36
interrupts the CPU 30 using analog interrupt 0 (AIO) of
the. A/V controller/coprocessoxr 32- {the A/vV
controller/coprocessor interrupts the CPU via the IRQ
line in response to the I/0 coprocessor pulling AIO
low). The CPU enables and disables the 50 ms timer by
writing either the byte OFOH or the byte O00H,
respectively, to the I/O port ASO. The timer defaults
to being enabled. o

During the interrupt acknowledge 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 more bytes from
the 16~bit I/0 port ASO, which corresponds to the I/0O
coprocessor. During each read of I/0 port ASO, the A/V
controller/coprocessor 32 to selects the I/0 coprocessor
36, thereby allowing a data transfer between the CPU 30
and -the I/0 coprocessor 36.

The I/O coprocessor 36 will always have one byte
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
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swi t ches 150. Thus, notion of the joystick 20a is detecte ﬁ)

events of the switches 150. In the alternative, the joystick
be inpl enmented by other structures, such as potentioneter-ba
which are well known in the art. Referrlng now to Figure 3, a block dlagram
of the circuitry within the input device 18 is shown. The i nput device 18
conpri ses the touchpad sensor 122, the overlay sensor 124, joystick sensors
200a, 200b, coordinate detern1n|ng circuittd 202,  overlay detection
circuitry 204, a 100 mllisecond tinmer 208, and i nterface circuitry 210,

all connected in eteorisfiexaedcto cihid CPUMMUEE thei 9 mestihenvis difagled 3. The

coordi nate sensor dge ik OMRIEOLiBBIS0be 124181 By @EBLTBdskRNOVerd N the

fﬁXt acconpanyi ng F”é&”é%an 151$§;é§a%;d%g%gehgg%eggégivéh(n CUItEy 202 S

sent in the upper nibble and any remaining messages are
sent during the next transfer. Depending on the
contents of this first byte, the CPU might read
subsequent bytes from the I/0 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
keeping message transmission frequency very low.
The input device 18 and all other input devices
- are connected to the I/0 coprocessor 36 via the serial
data link 22. The individual input devices (e.g., the
input device 18) transform the movements of the control .
devices into a format suitable for transmission along
the serial 1link 22. The input device 18 sends data
packets via the serial data link 22 to the system unit
12, As will be explained below, the structure of the
data packets differ depending on the type of input
device. Coordinate <type devices (mouse,. analog
joystick, touchpad, etc) have a different data packet
structure than a switch closure type of device
(keyboard, digital joystick, switch pad, etc).
The serial controller link 22 consists of three
(3) lines: a data receive line, a VCC (+5 VDC) line,
and a ground 1line. The 68HC705 implements the data
receive:  line of the controller serial link using the-
PDO/RDI pin of the 68HC705. This pin is designed to be
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 cne stop bit. A clocked synchronous
format could be used in the alternative. The serial



circuit communication with the coordinate sensor 122, the int
circuitry 210, and the 100 mllisecond tiner 208. The coordi
determning circuitry 202 is configured to.accept the electri

EEEP‘LACEMENT SHEET
rface

t¥he:,232w
b at—ci-anal o

203 fromthe coordinate sensor 122 and deternmine the X-axis and Y- axis

val ues corresponding to the location of the touch by the finger,

stylus 21,

or the like. For exanple, if the coordinatdOsensor 122 is a switch-type

sensor, then the coordinate determning circuitry 202 wll
and receivers to determ ne which switch is closed, as are well
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daisy chailned, 2 single device physically connects
to the data processing unit 12. For example, if a so-
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
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 cartridge

14 pulls the pin to a logical ZERO. Thus, a ONE at each
cartridge sense indicates the absence of a cartridge 14
and a ZERO indicates 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 indicates the presence of an expansion

- device.

The reset is implemented by giving the I/O
coprocessor 36 control over the reset signal of the A/V
controller/coprocessor 32, which in turn controls the
reset signal of the CPU 30. The CPU 30 can command the
I/0 coprocessor 36 to reset the system 10 by causing the
I/0 coprocessor 36 to reset the A/V
controller/coprocessor, which in turn resets the CPU 30.
Tﬁe'CPU causes the I/0 controller to generate a system
reset by writing the byte OFFH to I/0 port ASO. In
addition, the I/0 coprocessor 36 monitors the optional
reset switch (not shown) for the system and resets the
system when it detects a switch closure.

conprise drivers
known in the
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circuitry 204 accepts the electrical signal 205 fromthe df&EPLHCEMENTSHEET
and generates a nessage correspondi ng REPLACENMENT SHEET te 85
Relel- 52 A B9

30 to the identification pattern 108, or |ack thereof, whi

t he 0000002, as descri bed above. The direction determining circurtiry 206 s
In circuit conmunication with the joystick _sensors 200a, 200b and the
interface circuitry 210. The joystick sddsors 200a, 200b conprise four
rubber done switches 150a-150d and the two joystick switches 130a, 130b, as

descri bed above.

10

15

20

25

30

The direction determning circuitry

Finally, the I/O coprocessor implements an 3¢
nonvolatile RAM (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
communication with the I/0 coprocessor via the TI2C
interface. More than one PCF8594 can be cascaded to
provide more NVRAM capability. To access the NVRAM, a
three—-byte segquence is used. All three bytes are
accessed through I/0 port ASO. The first byte written
to the I/0 coprocessor by the CPU indicates whether the
transfer is a read or a write and gives the I/O
coprocessor a segment address. The lower nibble of this
byte indicates the type of transfer: O01H indicates a
write from NVRAM and 02H indicates a read from NVRAM.
The upper nibble of this byte is a 4-bit segment number
corresponding to a 256-byte segment of NVRAM. With 512
bytes of NVRAM, only the bottom two segments (0 and 1)
are used. For both reads and writes, the next byte is
the same--the next byte is written by the CPU and is the
address of the byte being accessed within the segment.
The last byte is either written to or read from the I/O
coprocessor by the CPU and is the data byte read from or
to be written to the NVRAM.

In the alternative, the I/0 coprocessor can be
implemented in other ways. For example, a tristated
readable shift register might suitably receive the
information from the serial data link 22. In that case,
the CPU 30 periodically reads the shift register to
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 thé two cartridge
connectors 28 (the other not shown). The first decode
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generates a nessage based on closure events of these switc
mllisecond tinmer 208 is in electrical circuit communicatio [ﬂté
coordinate determning circuitry 202. The timer 208 repeate
the expiration of a 100 mllisecond period of tinme and generates a signal
209 that indicates the expiration of the period. The coordi nate
determining circuitry 202 uses the signal 2@9 to detect a change in the
touch location of the finger, stylus.-21, or the |ike between expirations of
the 100 mllisecond periods detected by the tinmer 116. The interface
circuitry 210 is i¢hip rardeptsorsunnpats orhenudperhéwooaddrass el tregserafi ni ng
circuitry 202, theciw ejisd¥mMASILBh , Cadsddeds’ ¥he Ok mehSpfed aadarasssspdrd unit

12 (via the serial opattgel I%%?%Z,)Cplﬁngo into four 4 megabyte regions,

represented by three chip select lines: two for the

cartridge connectors 28 (the other not shown) and one
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 ﬁwo
remaining four-megabyte regions are decoded to two
cartridge connector chip selects. _

" 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
decode chip permits the A/V controller/coprocessor 32 to
decode a 128K block of system ROM starting at F20000H.
The range from F40000H to FFFFFFH is decoded by the
second decode chip for use by the expansion connector
39. This block of ROM decoded by the second decode chip
is used to add ROM to the system 10 via the expansion
connector 39. '

The data processing unit 12 also has a pair of
cartridge connectors (one indicated at 28, the other not
shown) for placing a cartridge 14 in circuit
communication with the CPU 30 and other system
components. The cartridge 14 connects to the connector
28 of the data processing unit 12 via a gold plated 62-
pin (two rows of 31 conductors) edge card connector 26.
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
connectors 28, allowing the cartridges 14 to be
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interface circuitry 210 accepts the coordinate val ues ebg@r_:j_z_]szU@m

t he coordinate determining circuitry 202, the overlay nessage—geperafed
by the overlay detection circuitry 204, and the nmessages generated by the
direction determining circuitry 206 and transmts any such information to
the data processing unit 12 via the serialygata link 22. Al input devices
are dai sy chained to the processing unit —~ Thus, the interface circuitry
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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 line, power,
ground, analog interrupt 1 or 2 (each cartridge has a
unigque 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
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
to add more memory to the system memory 33 and to add
various other features. Devices connected to the
expansion connector 39 have gold plated card edges to
match the expahsion connector, allowing the devices to
be pluggably connected to the processor -unit 12. The
following signals are communicated to external devices
via the expansion connector 39: SYSTEM' bus signals, an
expansion connector 39 sense line, power, ground, CAS
and RAS lines, and an expansion connector 39 select,
which is generated by the second decode chip. In the
alternative, the signals needed to connect to an
optional CD drive can also be connected to external

- devices via the expansion connector 39.

The program cartridge 14 comprises a program ROM
40 and a decoder 42.  In the alternative, the decoder 42
can be designed into the processing unit 12. The
program ROM 40 contains code suitable for execution on
the CPU 30 in a read only memory format.  In the
alternative, other memory types, such as battery-backed
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expl ained nore fully bel ow, each input device connected to t q)art)éq?%?ézﬂg@gm

unit 12 has a uni que devi ce nunber. The device closest to e

unit 12 has a device 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 their own or otherjgevices' device nunbers. Thus,
each device nust add one to the device nunber of any data packet passed
from other input devices of the sane type. Any input device in the_chaln
with a device nunbeRAMycaq & Baed 3¢ ftheestoraggndeide Ror thraopreridgsunme

that three input devd ceshefpidyrasaneMtemes {@dikcudBbommindcaeNB8GH ARG (0
t.he processing unitg 12 a3 égllégwgh&%J §ncp{g§§geyg.t0 the processing unit
12, is connected to a, and ¥ IS ot '

The address decoder 42 within the cartridge 14
decodes the full width of the ADDRESS bus to a memory
range appropriate for the proéram 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
numerous manufacturers, e.q., AMD Corp. If the decoder
42 is- designed into the processing unit 12, then the
select 44 is electrically communicated to the ROM 40 by
the connector 26. ’ ’ :

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
comprises four devices: a video digital-to-analog
converter (video DAC) 50, an NTSC/PAL ("PAL" referring
to the well known'European television signal standard)
encoder 52, an audio digital-to-analog converter/
analog-to-digital converter/compressor/decompressor
(ADC/DAC/CODEC) 54, and an RF modulator 56. Each is
connected as shown in the Figures. _

The Audio/Video controller/coprocessor (A/V
controller/coprocessor). 32 electronics are largely
contained within one massive custom logic chip, known as
an ASIC (Application Specific Integrated Circuit). An
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
processor interface 60, a processor cache 62, a memory
interface/refresh 64, a video controller 66, an
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connected to [err]. Therefore, a has a device nunber of 0, [jerr] Eﬁz ﬂ

devi ce nunber of 1, and y has a device nunber of 2. The ot hflrpstev. sugié .........
not aware of their own or other device nunbers. Each device ' '
data packets with a device nunber of 0. When a passes a data packet to the
processing unit 12, the default device nunber of 0'is correct, because a is
closest to the processing unit 12. However,gerr] and y al so send data
packets with a device nunber of 0. To renedy-the situation, each device
adds one to the device nunber of packets passed on. Thus, when [err] passes
a data packet fromipteBrapPt [GONLFoALeR &¥neat HldaPePlblbi e 7Runtie PP iRBR DY

gi ving the packet fapotlpch dissodss,nandégitdl IsidnaleprseessdrenbEPpagses t he

y data packet to tRagPLOB8SShaRoMPif6.12 Tre 2e886r [ thidiGadeVvise BHADEr,

t her eb i ving the packet, from correct device, nunber
y 9 9 m%mory interfaXe?re reéi 64, and ghe video controller 66

are referred to collectively as the video/memory

controller 67. The system memory 33, central processing
unit 30, and other devices lie outside the a/v
controller/coprocessor 32.

The A/V controller/coprocessor 32 generates the
SYSTEM' bus 34 from the SYSTEM 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
lowest priority, respectively): the memory refresh 64,
the video controller 66, an optional CD block decoder
(not shown), the DSP 74, the blitter 70, and the CPU 30
(through the processor interface 60). Only one of the
bus masters can control the SYSTEM' bus 34 at any one
time. The arbitrator within the video/memory controller
67 controls the changing priorities of the devices, as
described herein, and 1is in electrical circuit
communication with all the devices within the ayv

' controller/coprocessor 32. For example, the CPU 30 has
the 1lowest priority of all bus masters until an
interrupt occurs. Thus, the arbitrator is in circuit
communication with both the CPU- interface 60 and the
.interrupt controller 68.

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,
stack, or program code to speed up program execution.
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The video/memory controller 67 (the processor
interface 60, the memory interface/refresh 64, and video
controller 66) controls the SYSTEM' bus 34, and provides
the memory timing signals (e.g., CAS, RAS, write enable,
etc.) for memory devices attached to the SYSTEM' bus 34,
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
timing generator that can be programmed 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,

horizontal blanking end, horizontal blanking begin,
horizontal display begin, horizontal display end,
horizontal fetch begin, horizontal fetch end, horizontal
vertical sync, vertical period, vertical sync, vertical
blanking end, vertical blanking begin, vertical display
begin, vertical display end, video interrupt, and light
pen registers. The video controller 66 has three color
resolutions available: four bits per pixel, eight bits
per pixel, and 16 bits per pixel. The memory map of the
screen is not tied to the video display width, but is
defined independently.

The video/memory controller 67 decodes the 16
megabyte address range of the 80376 CPU 30 into the
following memory map: . 1 MB of system RAM (000000H -
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
block of system ROM (FEOQOOH - FFFFFFH). The 64
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registers extend from the range F10400H to F107FFH. The
DSP memory extends from F10800H to F18000H.

if the optional CD drive is added to the systenm,
the following regions are added to the memory map:
another 1 MB of system RAM (100000H - 1FFFFFH) and 128
KB for the CD drive (FCO000H - FDFFFFH).

The interrupt controller 68 interfaces six
internal interrupts to the CPU 30: video interrupt
(highest priority), analog interrupt 0 (AIO0), analog
interrupt 1 (AIl), analog interrupt 2 (aI2), CD block
decoder interrupt, and DSP interrupt (lowest priority).
The interrupt controller automatically clears an
interrupt when the CPU 30 performs the interrupt
acknowledge cycle. A mask bit is available for each of
the interrupts.

The blitter 70 is a graphics processor for fast
screen updates and animation, acting as a hardware
graphics subroutine for the CPU 30 or DSP 74. It
executes commands written by the CPU 30 and the DSP 74
into memory. It can perform arbitrarily long sequences
of graphics operations by reading new command sets from
system memory 33. It becomes bus master through blitter
program operation, and can therefore have exclusive
control of the SYSTEM' bus 34 for considerable periods.
However, its priority.over the CPU 30 is not absolute;
it can be requested to give up the SYSTEM' bus 34 to the
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
under CPU 30 program control.

\BLitegere regde¢e£®, and DSHregisteE®VAR® memdry.COdghd\f g
1’5§%§ttémgga?ésgnrange was stated1§%§%e. Té&tgi{kter

Byt e
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Message Chai n (1D _ (Onpt i ona| !
Tabl e: I nput Device Message Structures As seen in the table Déte:.nz.isdu&.. V...

-

structures are of different |ength and have structures cl os&setated

the input devices to which they correspond. The devi ce nessages in the
table are the sanme for the data sent to th / O coprocessor fromthe
I ndi vidual 1/0O devices as the data sent the CPU by the 1/0

coprocessor. In addition to the structures shown above, each nessage from
an /O device to the I/ O coprocessor has a checksumto ensure uncorrupted

data is sent fromthe input RFFEE 13 has RheensadddesTRmRATiatoroto alipy
checksum i s a standatelidvdeht BEBtttingr lopematnond cind e 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 ways to produce the
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.
It can perform any logical combination of the source and
desi:ina‘t;ion register pixels. "Source data pixels" can
be selected from either of the source data register or
the data pattern data régister. The LFU selects any of
the four Boolean minterms (A & B, A& B, A & 3, and A &
B) of the two sets of input data from the data
registers, and generates the logical OR of the two
selected minterms. This allows any logical combination
of"input data; thus 16 functional possibilities exist.

The comparator can perform a variety of
comparisons on the data in the source, destination, and
pattern data registers. If its comparison conditions
are met, then it generates an inhibit signal. - The
inhibit signal is used to inhibit a write operation, and
optionally, to stop the blitting operation. The
comparafor can also be used to provide a pixel plane
effect, to give transparent colors, for collision

~ detection and system memory 33 search operations, and as
an aid to character painting.

The DSP 74 is a simple, vefy 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
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devices of the same type passed on to the next device. Theref
addition to passing on data packets received from other in

(if any), the interface circuitry 210 adds one to the devi ce nunber

any data packets from devices of the sane type received via the seria

| i ne extension 23.

Using the system 10 with the i nput device 18 of the present

REPLACEMENT SHEET
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The interface circuitryl®10 passes the data packets
wi th nodified and unnodi fied device nunbers to the data processing unit 12.

i nvention

S

very straightforwasg¢stem Themopputizlevi aaessendadektarpaciels tih t BRogat a

processi ng

bursts, and are under DSP program control. 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 quality 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
applications might  include algorithmic speech
generation, audio analysis using fast Fourier transform
techniques, and three-dimensional graphics rotations.
The DSP 74 uses Harvard architecture (separate program

and data buses) for maximum data throughput. The DSP 74

has an arithmetic logic unit (ALU), which features a
hardware 16-bit by 16-bit hardware multiply/accumulate
as well as addition, subtraction, and logical functions.
There is also a separate serial divide unit, which
generates one quotient bit per tick.

The ALU within the DSP 74 is a 16-bit arithmetic
logic unit, with the same functions as a Texas
Instruments 74181, which .is well known in the art.
Common arithmetic operations are encoded as
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.

'The DSP memory 76'comprises program RAM, data RAM, a
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unit 12 via the serial link 22. As nmentioned above, the inpufl devi rzgz QGISBS
interface to the CPU 30 via the 1/0O coprocessor 36. Each inp tDé:llgwA
dai sy chained to the next input device. The 1/0 coprocessor Feee-yes—tlrg-——
data packets and stores themin a first-in-first-out (FIFO nanner. Every
50 nsec "tick" the 1/0O coprocessor 36 interrupts the CPU 30. In response,
the CPU accesses the single byte at 1/0 por20ASO of the coprocessor 36 to
determ ne the nunber of ticks since the | ast access by the CPU and the
nunber of device nessages to be transferred, as expl ai ned above. The ten
types of device nessgdssensconstant tablee andba imel BOM (R net sBpwe)0 Byte

1 (Device ID) Byt eahe BgberemoBytA# ihyBeneral GINccestBbis #1 Doth( BhLS 0-3)
Keyboard 2 DSP's Qnter§g§naddP££§ Q%%ce 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
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
aécessible to the host when the DSP 74 is running, but
is accessible when the DSP is idle.

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 similar) DAC, ‘and to input data from a
.synchronous serial data source such as a CD drive.

The video controller 66 of the A/V controller/
coprocessor 32 connects to the external wvideo DAC S0,
which converts the eighteen bits of pixel information 78
(six bits each of red, .green, and blue) from the video
controller 66 into an RGB signal 80, as is well known in
the art. Each color channel (R 80a, G 80b, and B 80c)

- of the video DAC 50 is implemented with an R2R resistor
tree and a 2N2222 transistor, as shown in Figure 1cC.
The devices in Figure 1C are in circuit communication,
as shown. The resistors 86a-86j in Figure 1C are all
0.25 watt resistors with the values shown, within 5%
tolerance. The transistor 88 is a 2N2222.

Referring once again to Figure 1B, the RGB signal
80 is converted to an NTSC composite video signal 90 by
the NTSC/PAL encoder 52. The NTSC/PAL encoder 52
accepts the chroma clock 92, the HSYNC and VSYNC signails
94, which are generated by the video controller 66 of
the A/V controller/coprocessor 32, and thé. red 80a,
green 80b, and blue 80c video outputs, which are
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(Butt ons) REPLACEVENT SHEET Date: 22
he val ue needed to nmake the sumof all the bytes ze

(ignoring any carry during the sunmmation). The [1/O coprocessor s

off the checksuns

before sending the dala to the CPU Therefor

the stream of bytes read by the CPU is

generated by the video DAC 50, and generates a composite
video signal 90 in the well known NTSC or baseband video
format. In the alternative, the well known PAIL
(European television signal standard) format can be
generated. The composite video signal 90 is connected
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
CXAl1145, manufactured by Sony Corp. In the alternative,
an MC1377, manufactured by Motorola Corp. can be used.

The audio ADC/DAC/CODEC 54 is linked to the DSP 74
with a serial 1ink 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
ADC/DAC/CODEC 54 interfaces external stereo analog data
97a-97b from - optional' microphones to the A/V
controller/coprocessor 32. The audio inputs 97a-97b are
connected to external devices with a standard stereo
1/4" connector. = The audio ADC/DAC/CODEC 54 also
interfaces digital data - .from  the A/V
controller/coprocessor to external devices by generating
left and right audio line out signals 98a-98b. These
signals 98a-98b are connected to external devices, such
as optional. speakers (not shown) with two female RCA
phone jacks, as are well known in the art. As mentioned
below, the audio line signals 98a-98b are also added to
the RF video signal 22. ,

In the preferred embodiment, the ADC/DAC/CODEC 54

- is 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
DSP 74.

ro
trips
e,
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devices are supported as device type 0. The keyboard has a chai n nunber of
0 and the nouse has a chain nunber of 1. Th&%e devices are supported by the
| / O coprocessor using the existing PS/2 protocol via the serial data link

22. This device type 1 is intended for devices with nultiple buttons.
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message.

be available.

The RF modulator 56 merges the composite video
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
(European television signal standard) .and NTSC formats
a different RF modulator and crystal must be used. The
RF video sighal 22 is connected to external devices with
a single female Type F coaxial connector, as is well
known in the art.

Referring now to Figures 2A-2M and 3, an
embodiment of the input device 18 of the present
invention is shown. As shown in that figure, the input
device 18 comprises a touchpad- 19 and two joysticks 20a,
20b enclosed in a single enclosure 100. The enclosure
100 is made of ABS-T (acrylonitrile-butadiene-styrene;
available from Wong's Electronics Co. LTD., Wongs
Industrial Centre, 180 Wai Yip Street, Kwun Tong,
Kowloon, Hong Kong, as material ABS, grade T). The
input device 18 accepts template overlays 102, each of
which overlay comprises a body 104, a .tab 106, and an
identification pattern 108 at one edge on the bottom.
The template overlay 102 is made of a thin material such
as coated paper, coated cardboard, or polyester film.

. 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,
printed, painted, carved, engraved, silkscreened, or

Up to




Digital joysticks, such as joysticks 20a, 20b are support ed [pBEBLACEMENY SHEET
2. There are two joysticks associated with each touchpad 19 an%'zoxggi% :
has a uni que chain nunber. Each left joystick is odd (1, 3, Datj :. £ et e
and each right joystick is even (0, 2, 4, 6, etc.). Each joystick 15

reported i ndependently. The message is a fixed |length nmessage. Recall that
digital joysticks sensors conprise a nunber2®f switches 150a- 150d. The
nessage is a byte representing up to eight switches, which include the
movenment sensor switches 150a-150d and data input sw tches, such as switch
130a. The i ndi vi dugFhpryisefPermanapiivafiyed PBroX HiNs thepeveriYebedY: up
swtch (VMSB), downipuit cthe Itaftt 1691 éxtends 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.

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
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
inscribed in or on the pad surface 110: "enter, "
n"exit," "pause," "previous," "next," and -arrow keys (up,
down, left, and right). In the alternative, "select™"
can be used instead of "enter" and "cancel" can be used
instead of "Yexit."% Again in the alternative, ten
rectangular areas can be mapped out--one for each Arabic
numeral. Again in the alternative, the letters of the
English language can each be mapped to a region of the
touchpad. Again in the alternative, a QWERTY keyboard
could be mapped onto the pad surface 110. Indeed,
.virtually any pattern, or combination of patterns and
symbols, can be chosen. The default template graphic
image should be chosen to be useful to a large number of

~ applications targeted for the system 10.

The input device 18 comprises two forms of
retainers to secure a template overlay 102 proximate to
the pad surface 110: (1) an overhanging lip 112, which
comprises three straight lip portions 112a-c that define
a generally U-shaped slot 114 and that retain the
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swtch #3, and switch #4 (LSB). The joysticks 20a, 20b - ncl ggtevg_th
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swi t ch [i#1, sw? ch #2

touchpad 19 only have one button 130, which corresponds to ch#1 abngp

The other three buttons are always reported as zero.

Coor di nat e devi ces

such as mce and trackballs are reported as device type 3. The first byte
following the IDis to report any button in2érmation for the device. Up to
8 buttons can be reported The next byte i's a delta X value followed by a
delta Y value. The delta X and Y values are based on the |ast reported
position of the deWilatRe o¥BPLRLatDrPhridifesnsidestardn(R) 12 tRflde qfal ues

to absol ute coordi naitdees 1l1baperesisathat retdli® the template overlay 102

~ 116b.

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.

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
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 1l1l2a-112c.
Also shown. in that figure are the ridges 116a, 116b

.retaining the fourth side of the body 104 of the overlay

102, one positioned on either side of the tab 106 of the
overlay 104. The overlay 102 is inserted by slipping
the left hand and right hand sides of. the body 104 of
thé overlay 102 under the lip portions 112a -and 112c¢ and
sliding the overlay 102 down until the bottom edge of
the body 104 of the overlay 102 is under the other lip
portion 112b. Finally the overlay 102 is released and
the tab 106 is nested between the ridges 116a, 116b,
which retain the overlay 102 at the top side.

Figures 2C, 2D, and 2E show the details of the
ridges 116a, 116b and the overlay 102. Figure 2D shows
the tab 106 extending beyond the ridge 1i6b. Figure 2E
shows the body 104 of the overlay 102 abutting the ridge

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 ridges 116a, 116b.
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The first byte following the IDis used to report puttom
next byte is used to report the absolute X position. The
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cavity 126 for storing a plurality of template overlays
102, and a substantially rigid base 127 made of the same
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
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
sensors, and switch closure type sensors. Examples
include membrane switch matrixes, e.g., the device
disclosed in U.S. Patent No. 4,736,190 to Florella, and
finer resolution switch closure type sensors, e.g., the
device disclosed in U.S. Patent No. 4,529,959 to Ito et
al. One suitable sensor 102 can be .purchased from
Wong's Electronics Co. LTD., Wongs Industrial Centre,
180 Wai Yip Street, Kwun Tong, Kowloon, Hong Kong, as
part number PR39983.

The sensor 122 generates at least one electrical
signal responsive to the stylus 21, finger, or the like
touching the pad surface 110 or touching the template
overlay 102 proximate to the pad surface 110. For
example, switch closure type sensors typically require
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
the signal detected by which receiver allows one to
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program nust recogni ze the codes of each overlay. This nesfage is § hhéq@gs
| engt h nmessage. The action nessage is used to define a co f
predefi ned devi ce-i ndependent functions that can be genera
device types in different ways but REPLACEMENT SHEET Date :22 AUG 1995 3
6 are used and interpreted by the system and application prograns in the
same way. Action nmessages are reported as dévice type 6 using a variable

| ength nessage. In this particular enbodi nent, three device-independent

functions are defined and associated with the | ower ) .
determine the location 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
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
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
six holes 128a-128f in the enclosure 100. Uhder each
hole 128 is a single optoelectronic transmitter/
receiver pair (not shown). In another embodiment (not
shown).,, the six receiver/transmitter pairs of the
overlay sensor 124- and the six holes 128a-128f can be
divided into two groups of three and positioned one on
either side of the touchpad sensor 122. That:is, three
holes 128a~128c (and their associated
receiver/transmitter pair) can be positioned under one
lip portion 112a and the other three- holes 128d-128f
(and their associated receiver/transmitter pairs) can be
positioned under another lip portion 112c.

Figures 2H-2K show examples: of identification
patterns 108. "The identification patterns .108 are
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
pattern 108 aligns with the sensor 124. If the
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three bits of this byte: START (start an activity or procesf), P. -
(pause an activity or process), and SELECT (sel ect one of nu tmméijiséuﬁslggs

or actions), respectively. The bits are set to repor +Hese
functions. Al other bits are reserved for future use and are reported as
zero to the CPU. The system pass-through nessage type is used to handl e any
devi ce types not applicable to any previously defined device types. Message
type 14 is used. This is a variable |ength ssage. Definition of the data
i s devi ce-dependent and is application specific. Each application nust
translate this typeadtenpativge empodirknt r edesqmidbelurbbvenalint yhidhetwor st
nmessage from each dgyb6gsist dRrecendddd ikSusddi fort £hdSEEnLOrd Elthehhensyst em
that a device will iSQQtiE%%in%%S%%%%Erns IgbsmgggquEegggg gthgidége
into two groups of three and positioned one on either
side of the touchpad sensor 122,
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
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.
Figures 2H-2K. Figures 2H through 2K show
identification patterns 108 corresponding. to binary
patterns of. 010001,, 0111102,, 000000,, and -111111,,
respectively. Thus, the identification patterns appear
to be a group of light and dark regions. spaced along the
edge of the template overlay 102. The 000000, pattern
is shown for illustrative purposes only. In actual use,
the all white 000000, pattern will probably not be used,
because that pattern corresponds to the absence of any
template overlay 102, in which case.the default template
graphic image would be used.
Figure 2L, which is a front elevational view of
the input device 18 of the present invention, shows the
positioning of the joysticks 20a, 20b one on each side
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



| engt h nessage. .
scans the cartridge and expansion sense lines to determne t
configuration and alert the system and sends a configuration byte to the
CPU. This is the first byte the CPU receives fromthe I/O coprocessor on
only gerd8 ate a nodul e configuration

a change in cartridge status causes a
t hereby causing the 1/O coprocessor to send anot her
confi guration byt e®RS hk cbhe FRYiEBpridsei M abi tis sesed ntehstoyee sent

power up. The |1/ O coprocessor w ||
i nterrupt when a change is sensed;

system reset,

REPLACEMENTSHE

future device type that will be used to report input. This igl a var 32
On system power up and 50 ns intervals, the | Dmeo é§§b¥§§

are set to indicatgludedity 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
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 figure, actually four
of the same structures are used in this particular
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
four screws 142a-142d to several standoffs 144a-144d,
which are physically annexed to the enclosure 100. - The
aperture 136 is sealed by an annular seal 146, the

annulus of which fits snugly around the rod 134 and the"

outer edge of which is physically annexed to the
enclosure 100 at the aperture by common methods.

The joystick 20a has a 14-degree freedom of motion
about the pivot point; i.e., the rod 134 can move seven

degrees from being perfectly perpendicular to the plane
defined by the switch base 140 in virtually all
directions. The rod 134 has four switch actuator arms
150a-1504d physically annexed thereto. The actuator arms
148 are located proximate to four rubber dome momentary
pushbutton switches 150a-150d, which are physically
annexed to the switch base 140. The arms 148 and
switches 150 are configured 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
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bit O corresponds to cartridge 1, bit 1 corresponds to- cal Dg@gezzwﬁd ________ t
2 corresponds to the optional CD drive. The other bits ar

addition, the CPU can transnt data to the /O devices via the serial
link 22 by witing the information to_,the |/O coprocessor 36. " Data
bytes are witten to I/O port ASOw th ea byte prefaced by the byte O3H.
The I/ O coprocessor wites these bytes to the I/O devices. This capability
is used to send data to, for exanple, a printer (not shown). Interfacing
to the input dawitcbeshabiong Thws, oystiwksofinha towshpekl APeh ign
i nscri bed def aul tyetected 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
circuitry within the input device 18 is shown. The
input device 18 comprises the touchpad sensor 122, the
overlay sensor 124, Jjoystick sensors 200a, 200b,
coordinate determining circuitry 202, overlay detection
circuitry 204, a 100 millisecond . timer 208, and
interface circuitry 210, all connected in electrical
circuit communication as shown in Figure 3.

The coordinate sensor 122 and overlay sensor 124
are as described above in the text accompanying FEigure
2. The coordinate determining circuitry 202 is in
_circuit_cdmmunication with the coordinate sensor 122,
the_interface circuitry 210, and the 100 millisecond
timer 208. The coordinate determining circuitry 202 is
confiqured to. accept the electrical signals 203 from the
coordinate sensor 122 and determine the X-axis and Y-
axis values corresponding to the location of the touch
by the finger, stylus 21, or the like. For example, if
the coordinate sensor 122 is a switch-type sensor, then
the coordinate determining circuitry 202 will comprise
drivers and receivers to determine which switch is
closed, as are well known in the art, and logic to
translate the location of that switch'to a meaningful
value relative to the pad surface 110.

The overlay detection circuitry 204 is in circuit
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
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data fromthe input devices via the I/O coprocessor 36, as W=tk

explained in the text acconpanying Figure 4. The interrupt handl er ner er
pl aces any transm ssions fromthe I/0 coprocessor 36 into nenory 33.
Application prograns executing on the CPU poll the operating system BI OS
periodically via a software interrupt to d rmne if any inputs were
received. If so, they are comunicated to the application prograns by the
operating system i mor edjeonidentiiflicatioht pateermt 208 updbr Taekapplereati on

programs nonitor tRR;jeH {&Medl#RL2RE the 0000086, d@isAdbEci 8HaY adrev@l.aphi ¢
imge i's detected (the ,yerlgx sensor Hetect all tQ%gsnlsS|on type

i dentification patterns. fpgdifegtion défertiining® itbultzy
circuit communlcatlon with the joystick sensors 200a,

200b and the interface circuitry 210. The joystick
sensors 200a, 200b comprise four rubber dome switches
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
circuit communication with the coordinate determining
circuitry 202.l 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
uses the signal 209 to detect a change in the touch
location of the finger, stylus 21, or the like between
expirations of the 100 millisecond periods detected by
the timer 116.

The interface circuitry 210 is in circuit
communication with the coordinate determining circuitry
202, the overlay detect circuitry - 204, <the data
processing unit ‘12 (via the serial data line 22), and
other input devices, if any, via the serial data line
extension 23. The interface circuitry 210 accepts the
coordinate values determined by the coordinate
determining circuitry 202, the overlay message generated
by the overlay detection circuitry 204, and the messages
generated by the direction determining circuitry 206 and
transmits any such information to the data processing
unit 12 via the serial data 1link 22.

All input devices are daisy chained to the
processing unit 12. Thus, the interface circuitry must



0000002), then the application program operates respo sﬁsgut\%ﬂﬁ%‘rs“&-r

default tenplate. If, on the other hand, a tenplate overla |
detected, then the application program operates responsi é"% ?Zfﬁgg 1395

particul ar tenplate overlay 102. REPLACEMENT SHEET Date :..22..AUG 1995
38 The CPU 30 has an operating system executing thereon with speci al
support for interfacing to the touchpad. }fe operating systemis | oaded
fromeither the ROMin the system nenory r fromthe cartridge ROM 40.
The operating system has the foll ow ng conmands

pass any packets from other input devices on to the CPU

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
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
number greater than fifteen is ignored.

For example,.assume that three input devices of
the same type o, f, and ¥y are connected to the
processing unit 12-as follows: «a is connected to the
processing unit 12, f§ is . connected to «, and y is
connected to . Therefore, ¢ has a device number of 0,
f has a device number of 1, and y has a device number of
2. The other devices are not aware of their own or
other device numbers. Each device sends its own data
packets with a device number of 0.

When a passes a data packet to the processing.unit
12, the default device number.of 0 is correct, because
a is closest to the processing unit 12. However, f§ and
¥ also send data packets with a device number of 0. To
remedy the situation, each device adds one to the device
number of packets passed on. Thus, when §§ passes a data
packet from y to a, B adds one to the device number,
thereby giving the packet from y a device number of 1.
Likewise, when a passes the y data packet to the
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



that are callable by application prograns executing on the
definea region, set mapping units, clearall regions, and
poi nt. The define_a region conmand al |l ows application prog
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regi on of the touchpad and associ ate that
identifier ("regionid").

region with a certain region
Any spot, wthin this defined region which is

touched will be identified by that region i I n one enbodi nent, after
initialization, the entire touchpad is d ed as a null region having a
null region identifier ("null id"). That is, any nullid | ocation touched
causes the oper at pFrg—sysiemtorperforms—Ro—task—or—fuRretonrs—tye., no
paranmeters are papSaeht of VasblappPéveat | on!lpr qgBetier |l rButdne aﬁvevaktive,
touching a nul | rpgpon citn"%sﬁi oRmberdm i er r or {h &1 | ni‘?"ﬁpt ic@ = whi ch i ght,
for exanple, causp the sfstemfo“P¥fdi tate | O v |(Optionsh} (Opicoad
Joystick 2 Device 2 Switch N/A N/A
(Digital) Number in Closure
Chain /Open
Code
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
Overlay Number in Code :
Message Chain 0-63)
Action Variable| Device - 6 Action - | (Optional) | (Optional)
Message 1-255 | Number in Button
Chain Data
— .
System Variable| Device 14 ByteO | Bytel | Byte2
Pass- 1-255 | Number in (Optional) | (Optional)
through Chain
Initiali- Variable | Device - 15 Device | Mfg Code | Mfg Code
zation 1255 | Number in , Type Byte 0 Byte 1
Message ‘ Chain | (D) (Optional)

Table: Input Device Message Structures

As seen in the table, the message struc:tures are
~of different length and have structures closely related
. The
device messages in the table are the same for the data

to the input devices to which they correspond.

sent to the I/O coprocessor from the individual I/O
devices as the data sent to the CPU by the I/O
coprocessor. In addition to the structures shown above,
each message from an I/0 device to the I/O coprocessor
has a checksum to ensure uncdrrupted data is sent from
The

checksum is a standard modulo 256 checksum in which the

the input device 18 to the processor unit 12.



to the user by way of an audible sound or "beep" that a nul|l FFRIEMENESHEET
touched. The define_a regi on command assi gns regions of se .e]gt ed 2_52a 1995
other region id' s. Virtually any shape or conbi nation of 's*a,aég"can'." B

defined by the define a regi on command: circles, rectangles, triangles,
etc. Moreover, nmultiple shapes can be conmbined to forma conpl ex shaped
region. For exanple, five triangles can be conbined with a regular
pentagon to forma star. Additionally, nulB3regions can be included using
the define a regi on conmand, thereby all owng holl ow shapes, such as annul
to be defined. Thedeeicernpmbeyr Wi teachoizhadpatketnst rappldevatesnopr tige ans

to define diffeopdteypdPasiea bRMto tHiCnext device.

- 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
circuitry 210 passes the data paékets 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
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/O coprocessor 36 receives
the data packets and stores them in a first~in-first-out
(FIFO) manner.

-Every S50 msec Ytick" the .I/0 coprocessor 36
interrupts the CPU 30. 1In response, the CPU accesses
the single byte at I/0 port ASO of the coprocessor 36 to
determine the number of ticks since the last access by
the CPU and the number of device messages to be
transferred, as explained above. The ten types of
device messages are shown in the table below.

ByteO | Byte 1 (DeviceID) | Byte2 | Byte3 | Byted
(Count) . .
(Bits 4-7) | (Bits 0-3)

Keyboard 2 o i 0 Scan N/A N/A

PSs/2) Code
Mouse 4 L 0 Mouse Mouse Mouse
(PS/2) Byte - Byte 2 Byte 3

1 (X Data) | (Y Data)
(Buttons)
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all owi ng the operating systemto support touchpads of diffjering sm@tm :
For exanple, the operating system may default to rectangul bate Zz """"""" R .

devi ce-resol ution units, whi ch are determ ned by the resolution
(width and spacing) of the rows and colums; by wusing the set

mappi nguni ts conmand, the application progrgm can cause t he operating
systemto change the units to, for exanple~—nillineters or hundredths of an
inch. I'n addition, the application programm ght set the units to sone

ot her val ue. For exdargukesum vallhe Sy stiemhlupl agededi €6 ha¥e acHeL Fumlidson of

640 pixels by 480 pjyel gnet H3+ARPI 113 | PiydB ARl AFY 9BaEHF hRUERARAG LN tS

to 640 by 480 unItE;summation). The I/0 coprocessor strips off the
checksums before sending the data to the c¢puU.
Therefore, the stream of bytes read by the CPU is
virtually identical to the stream of bytes received by
the I/O 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.

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. These devices
are supported by the I/O coprocessor using the. existing

- PS/2 protocol via the serial data link 22.

This device type 1 is intended for devices with
multiple buttons. Up to 255 bytes (8 buttons per byte)
or. 2040 buttons can be input to the system using this
message type. Open buttons are sent as a logical ZERO
while closed buttons ars sent as a logical ONE. This is
a variable length message. : '

Digital joysticks, such as joysticks 20a, 20b are
supported as device type 2. There are two joysticks
associated with each touchpad 19. Each joystick has a
unique chain number. Each left joystick is odd (1, 3,
5, 7, 9, etc.) and each right joystick is even (0, 2, 4,
6, etc.). Each joystick is reported independently. The

- message is a fixed length message. Recall that digital
joysticks sensors comprise a number of- switches 150a-
150d. The message is a byte representing up to eight
switches, which include the movement sensor switches
150a-1504d and data input switches, such as switch 130a.
The individual bits of the message byte for this type
represent: up switch (MSB), down switch, left switch,
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nmand, essentially defining the entire to

ad. aq...ﬁ.-.ﬁ[n..r,.... I

n programnms call this when a new tenplate overlay is

operating system i tgel Ty llnthp qBerali N, sYs e S yRRLLOT NG the i

corresponds to switch #1 above. The other three buttons
are always reported as zero.

Coordinate devices such as mice and trackballs are
reported as device type 3. The first byte following 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
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
255, then two or more messages will be sent. This.is a
fixed length message. . .

The touchpad 19 is supported as device type 4.
Other -devices in this device type include analog
joysticks. The first byte following the ID is used to
report button information. The next byte is used to
report the absolute X position. The absolute Y position
is next in sequence. The absolute X and Y values are
each 1 byte and are limited to a range of 0-255. This
is a fixed length message. _

Touchpad overlays 102 are reported as device type
5. Touchpad overlays are sensed using the 6-bit sensor
124 in the touchpad. When an overlay change is sensed
by the touchpad, a message is generated. All overlay
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
of predefined device-independent functions that can be
generated by multiple device types in different ways but

t hereby cl earing any defined regions
associated with the previous tenplate overlayisif any. After clearing the
clear all regions conmmand, the application calls the
define_a region conmand to define the regions of the new tenplate overl ay.
The interpret a p@‘iightcmd,ca}si@shtHa,opwiaidhng#ayssvgmdm #z} eamdne t he
gww@8ch Opg hectks)Thi sheohBpaci an 2., Bbbi Bhethddld RRknbY the
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programis nonitoring the touchpad for touches. In one e J@A{MZANG%
application programpolls the operating systemto see if the—apaerator — " "~ |

touched a touchpad region. REPLACEMENT SHEET Date: 22 AUG 1995 40 The
touchpad sends to the CPU devi ce-specific coordinate information each tine
the touchpad is touched. Part of the interpret a point conmand is the
determ nation by the CPU of the touched-_?‘_@.gi on. After this determ nation,
the operating systemreturns a code

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. 1In
this particular embodiment, three device-independent
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
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
a variable length message. Definition of the data is
device-dependent and is application specific. . Each
application ﬁust_translate this type of message into the
required functionality.

The first message from each device is device type
15. This is used to tell the system that a device will
send input messages. This message also defines the
future device type that will be used to report input.
This is a variable length message.

On system power up and 50 ms intervals, the I/O
coprocessor scans the cartridge and expansion sense
lines to determine the configuration and alert the
system and sends a configuration byte to the CPU. This
is the first byte the CPU receives from the I/O
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
another configuration byte to the CPU. The appropriate
bits set in the byte sent are set to indicate the
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to the application program corresponding either to region ild of the re I on
touched or a code indicating that no region was touched. ep&b tZtZ

conput er systemw th touchpad support in the operating sys ¥
straightforward. First, an application program defines touchpad regions and

associ ates region ids mnth the regions using the define a regi on conmand.
Each region to be defined nust be defined M4 ng the define a region
command; any undefined region will remain a null, region with the null _id.

Subsequent touches of the touchpad surface are detected ei t her bg t he
i

operating system oPFRFRNGH NG R 8RASPFHRfedmideBendPhy URAFL/TPORAF sto
noni toring the toucaptidde i,hé&ibperatrrappendsetei saronidger 2ngahdebit

touchpad, it detecyscdRudinadntoi dneldbtiBhil Parile. The other bits
are set to ZERO.

In addition, the CPU can transmit data to the 1/0
devices via the serial 1link 22 by . writing the
information to the I/O coprocessor 36. Data bytes are
written to I/O port ASO with each byte prefaced by the
byte 03H. The I/O coprocessor writes these bytes to the
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
straightforward. An interrupt handler executing on the
CPU 30 from the system BIOS receives data from the input
‘devices via the I/0 coprocessor 36, as will be explained
in the text accompanying Figure 4. . The interrupt
haﬁdler merely places any- transmissions from the I/0
coprocessor 36 into memory 33. Application programs .
executing on the CPU 30 poll the operating system BIOS

. periodically via a software interrupt to determine if
any inputs were received. ‘If so, they are communicated
to the application programs by the operating system in
response to the software interrupt.

The application programs monitor the current
template. If the default template graphic image is
detected (the overlay sensor 124 will detect all
transmission-type identification patterns. 108, i.e.,
0600002), 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.
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interpret_a_point conmmand, whi ch det erm nes the regjjon id of the
region touched. If the regionidis the null _id, then the m@i.ﬂq&..&%m
perfornms an appropriate action, such as "beeping."” In thi ==
not pass any paranmeters to the application program If the region id is not
the null id, then the operating system passes the region id associated with
the touched region to the application progggm which then perforns the
function associated with the identified regron id. If the application
programis nonitoring the touchpad and detects touchpad touches, then the
process is the same, w tThet heP@x8Epthasn marreRatipp| SYAFEBN SFEGYFaRT causes
the operating tN&f&dR with spBtidRt Guppde for interfacing to the

touchpad. The operating system is loaded from either
the ROM in the system memory 33 or from the cartridge
ROM 40. The operating system has the following commands
that are callable by application programs executing on
the CPU 30: define_a_region, set_mapping units,
clear all regions, and interpret_a_pointQ

The define_a_region command allows application
programs to define a region of the touchpad and
associate that region with a certain region identifier
("region_id"). Any spot within this defined region
which is touched will be identified by that region_id.
In one embodiment, after initialization, - the entire
touchpad is defined as a null region having a null
region identifier ("null_id"). That is, any null_id
location touched causes the operating system to performs
no task or functions, i.e., no parameters are passed to-
the application program. 1In the alternative, touching
a null region can trigger an error-~handling routine,
which might, for example, cause the system to indicate
to the user by way of an audible sound or “beep" that a
null region was touched. Thé define_a_region command
assigns regions of selected shapes to other region_id's.

Virtually any shape or combination of shapes can
be defined by the define_a_region command: circles,
rectangles, triangles, etc. Moreover, multiple shapes
can be combined to form a complex shaped region. For
example, five triangles can be combined with a.reqular
pentagon to form a star. Additionally, null regions can
be included using the define _a region command, thereby
allowing hollow shapes, such as annuli to be defined.

The set mapping units command allows application
programs to define different units for the
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than the operating systeminitiating the command itself. |ffl@agw
overlay is placed on the touchpad surface, then the applicat~en PN
regi ons command, which causes the operating systemto once again
t he defined regions and deemthe entire touchpad surface a nul
Once again, the application progr calls the define_aregion
command to cause the operating systemto dgg} t

tenpl ate

cl ear
cl ear

regi on.

of the

REPLAGCEMENT SHEET

and assign regionids to themas directed by the

appl i cations progranind_apeejidrc cempapd p tifersdli alnywing thepbPrRFating

system to support touchpads of differing resolution.
For example, the operating system may default to
rectangular device-resolution units, which are
determined by the resolution (width and spacing) of the
rows and columns; by using the set_mapping units
command, the application program can cause the operating
system to change the units to, for example, millimeters
or hundredths of an inch. In addition, the application
program might set the units to some other value. For
exanmple, if the system display device has a resolution
of 640 pixels by 480 pixels, the application might
assign the touchpad units to 640 by 480 wunits
corresponding to the pixels using the set_mapping_units

. command.
The clear all_regions command removes all the -

regions previously defined with the define_a_region
command, essentially defining the entire touchpad as a
null region. Application programs call this when a new
template overlay is.placed onto the touchpad surface,
thereby clearing any defined regions associated with the
previous template overlay, if any. After clearing the
regions with the «clear_all regions command, the
application calls the define_a_region command to define
the regions of the new template overlay.

The interpret a_point command causes the operating
system to determine the region_id of the region touched.
This command can be initiated either by the operating
system itself, if the operating system is monitoring the
touchpad for touches, or by an application program, if
the application program is monitoring the touchpad for
touches. In one embodiment, the application program
polls the operating system to see if the operator
touched a touchpad region.

i ne the appropriate regions
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regi ons of defined shapes is depicted in Figure 4, which BSELAGEMENIWT
after being nmapped. Regi ons of sensitive areas shape (JQZaaggr
i ndi cated generally at 196, and (2) a circle and an annul e-para W

an annul ar null region, indicated generally at 198. The i ndl Vi duai
sensitive areas are shown wth small discrete synbols, as wll be
identified below. After initialization or é{fter the clear all regions
command is perfornmed, all the sensitive araas of the touchpad are assi gned
to the null id, which is indicated in Figure 4 by a "[err]" synmbol. This
means that if a "." is CThesdstchpal heseadsa tei tige t GBUha®vickaspeeifiign is

assigned the null ish.aidhaktBe PRESAHILIGnSYSLEM r@ﬁ@ndﬁeasf;deé&sadaeohsabove

To create the circle %sannul us separated b n annul.ar nul | region, t he
appl i cati on progra éiq tﬁgr o? éhe 1n%erp¥eg _point command é%

determination by the CPU of the touched region. After
this determlnatlon, the operating system returns a code
to the application program corresponding either to
region_id of the region touched or a code indicating
that no region was touched.

Use of the computer system with touchpad support
in the operating system is very straightforward. First,
an application program defines touchpad regions and
associates region_ids with the regions wusing the
define_a_region command. Each region to be defined must
be defined using the define_a_region command; any
undefined region -will remain a null. region with the
null_id.

Subsequent touches of the touchpad surface are
detected either by the operating system or the
application program depending upon which is monitoring
the touchpad. If the operating system is monitoring the
-touchpad, it detects touches and itself initiates the
interpret_a point command, which determines the
region_id of the region touched. If the region_id is
the null_id, then the operating system performs an
appropriate action, such as "beeping." In this case, it

" will not pass any parameters to the application program.
If the region_id is not the null_id, then the operating
system passes the region_id associated with the touched
region to the application program, which then performs
the function associated with the identified region_id.
If the application program is monitoring the touchpad
and detects touchpad touches, then the process is the
same, with the exception that the application program
causes the  operating system to initiate the



define a-region command three tines. First, the appllﬁgpLA&E
the define a region command with the paranmeters (circle, 14, F %L
term"circle"” indicates the shape to be drawn; "14,F" |nd|:a§§§ ( Z UG
coordi nates of the center of the circle; "4" indicates :
Date: 22 AUG 1995 42 the radius of the circle in the current units; here,
the rectangul ar device-resolution units, add "1" indicates the region id
assigned to that particular circle. Such a™command woul d create a virtua
circle 200 enconpassing the 52 sensitive areas enclosed by the circle 200
in interpret _a_point command rather than the operating

system initiating the command itself.

If a new templaté overlay is placed on the
touchpad surface, then the application calls the
clear_ all regions command, which causes the operating

- system to once again clear all the defined regions and
deem the entire touchpad surface a null region. Once’
again, the application program calls the define_a_region
command to cause the opefating system to define the
appropriate regions of the template and assign
region_ids to them as directed by the applications
program.

A specific example of defining or mapping .out
regions of defined shapes is depicted in Figure 4, which
shows a touchpad after being mapped. Regions of
sensitive areas shaped as (1) an arrow, indicated
generally at. 196, and (2) a circle and an annulus,
separated by an annular null region, indicated generally
at 198. The individual sensitive areas are shown with

- small discrete symbols, as.will be identified below.
After initialization or after the clear_all regions
command is performed, all the sensitive areas of the
touchpad are assigned to the null_id, which is indicated
in Figure 4 by a ":" symbol.” This means that if a "."
is closest to the area being touched, that region is
assigned the null id and the operating system responds
as described above.

To create the circle and annulus separated by an
annular null region, the application program calls the
define_a region command three times. First, the
applicétion calls the define_a_region command with the
parameters (circle, 14, F, 4, 1). The term "circle"
indicates the shape to be drawn; "14,F" indicates the
coordinates of the center of the circle; "4" indicates



Figure 4. These 52 sensitive areas are all assigned to r¢jgRERLAGEMENTESHEEE
indicated in Figure 4 by the follow ng symbols: "[err]", "Eerr]'ZZa%'
The 28 sensitive areas indicated by the "[err]" synbol wi lj ?fér?ai-ﬁ--as-srgr.\_eﬂ

toregionid 1, the others will be reassigned to other regrom ras oy

subsequent define a regi on commands. Next, the application pr ogr am
calls the define a region command with the paranmeters (circle, 14, F, 3,
0), wth "0" indicating the null id -as a regionid. This creates

a virtual ~circle 202 enconpassing the 24 sensitive areas surrounded by
the circle 202. TH&S€er2diue RS the ks 18 ey ourEeRt gHEFsr P ¢ ety dheid 0
and are indi cat ed derthhguler 4déyiddreresolhvivmarsitshobad "1f eindicated "0".

Recall that these i 2895041 P Jc2ALABS YFIehatSphBERLIED 20600, | Gubnby the
previous define a ar %g}nggngmgdéreahéjesh ;[,Pféuealn%¥rglg%oo encompassing
the 52 sensitive areas enclosed by the circle 200 in
Figure 4. These 52 sensitive areas are all assigned to
region_id 1 and are indicated in Figure 4 by the
following symbols: "o", "-", and "O". The 28 sensitive
areas indicated by the "o" symbol will remain assigned
to region_id 1; the others will be reassigned to other
region_ids by subsequent define_a_region commands.

Next, the application program calls the
define_a_region command with the parameters (circle, 14,
F, 3, 0), with "o" indicating the null_id as a
region_id. - This creates -a wvirtual circle 202
encompassing the 24 sensitive areas surrounded by the
circle 202. ' These 24 sensitive areas are all assigned
to region_id 0 and are indicated in Figure 4 by the
foilowinq symbols: W.u and %O". Recall that these 24
sensitive regions were assigned to region_id 1 by the
previous define_a_region command. Thus, these may also
be considered to have been reassigned to a region_id 0.
The 12 sensitive areas indicated by the "-" symbol will
remain assigned to region_id 0; the 12 indicated by the
“"o" symbol will be reassigned to another region_id by
the third define_a region command. The 12 sensitive
areas indicated by the “:" symbol are null areas, as
described above.

Finally, to complete the circle and annulus
separated by an annular null region, a final
define_a_region command is called with the parameters
(circle, 14, F, 3, 2). This command creates a virtual
circle 204 encompassing the 12 points indicated by the .
"o" symbol. These 12 sensitive areas are assigned to



be considered to have been reassigned to a region id 0. Th{ BRPIAOGEMENTSHEET

areas indicated by the "[err]" synbol will remain assignedijto renggn yﬁﬁgs
the 12 indicated by the "o" synbol will be reassigned to a”dﬁﬂeﬁm._gé 3 080 ot <

by the third define a regi on conmand. The 12 sensitive are
the "[err]" synmbol are null areas, as described above. Finally, to conplete
the circle and annul us separated by annular null region, a final

define a region command is called with—+he paraneters (circle, 14, F, 3,
2). This command creates a virtual circle 204 enconpassing the 12 points
i ndi'cated by the "pdgizynbidl 2. THmsd ll2hsbnidses paatbaslar d2asensgitaidre 0

regions were assigned to region_id 1 by the first
define_a_region command and were then reassigned to the
null id by the previous define_a region command. Thus,
these may also be considered to have been reassigned to
region_id 2.

The resulting complex shape 198 is a filled circle
206 assigned to region_id 2 and annulus 208 assigned to
region_id 1, separated by an annular null region 210
(assigned to region_id 0). The sensitive areas in the
filled circle 206 are indicated by the "o" symbol. The
sensitive areas in annulus 208 are indicated by the "“o"
symbol. Finally, the sensitive areas in the annular
null region 210 are indicated by the “:." symbol.

In the alternative, the define a region command
can be configured to directly support an annulus,
thereby allowing the complex shape 198 to be created
with two commands: a circle and an annulus.

Creating the arrow 196 requires two calls of the
define_a_region command. The first call has parameters
(rectangle, 6, C, 9, I, 3), with "rectangle" indicating
the shape, "6,C" indicating the lower left hand corner
of the rectangle, *"9,I" indicéting the upper right hand
corner of the rectangle, and "3" indicating the
region_id. Such a command creates a virtual rectangle
surrounding the sensitive areas indicated with the "a
symbol. The second define_a region command has the
parameters (triangle, 1, F, 6, A, 6, K, 3), with
"triangle" indicating the shape, "1,F", “6,A", and "6,K"
indicating the three vertices, and "3%" indicating the
region_id. Such a command creates a virtual triangle
214 surrounding the sensitive areas indicated by the "“a"
symbol. Notice that both the rectangle 212 and the
triangle are assigned to region_id 3; they have the same
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particular 12 sensitive regions were assigned to region id ) y’rrm
define a region command and were then reassigned to the nu Eoé{?é’i%\?!\%g o

previ ous define a region command. Thus, these may al so be considered to
have been reassigned to region id 2. Thé4resulting conpl ex shape 198 is a
filled circle 206 assigned to region id™Z and annul us 208 assigned to
region id 1, separated by an annular null region 210 (assigned to region id
0). The sensitive areas in the filled circle 206 are indicated by the "0"

synbol . The sensi FeFPRILs TRUENNtHSWS0BRERSS 1256 BAPRY P HE SpBRr] "
synbol . Fi nal | y, fuhet Bemsind cempr bses .thienatihew diwsul aence, a touch in

either area or both areas together causes the same
response from the application program. The remaining
sensitive areas of the touchpad surface, indicated
generally at 215, are still assigned the null id as a
region_id. These sensitive areas are indicated by the
".v gymbol.

It will be readily apparent that a great variety
of complex shapes can be formed in this manner. Each

. shape can have a unique region_id or one or more regions
can share a region_id.

During use, pressing the touchpad with the mapped
regions shown in Figure 4 causes the operating system to

. determine the region id of the area touched. For
example,_if location 13,E (indicated at 216) is pressed,
the coordinates of the touched location are transferred
to the CPU via the 1link 22, the operating system
determines that région_id 2 was pressed and passes
region_id .2 to the application program, which then
performs the function associated with region_id 2.

On the other hand, pressing a region assigned to
the null_id does not cause the operating system to pass
a region_id to the application. Rather, as described
above, the operating system either does nothing or
"heeps" or performs some other appropriate activity.
For the application to detect the touch of a "null"®
region, the application must first call the
define_a_region command to assign the entire touchpad
surface to a certain region_id and, when making hollow
regions, assign any hollow region to that region_id.

In the above mapping the term “virtual" was used
to describe the shapes: circle 200, circle 202, circle
204, rectangle 212, and triangle 214. This term is used



— o
null region 210 are indicated by the "[err]" symbol. In th QF?%ﬁQENFQE?HEET
the define a region command can be configured to directly

annul us, thereby allow ng the conpl ex shape 198 to be crea

comands: a circle and an annulus. Creating the arrow 196 requires two
calls of the define a region command. The first call has paraneters

(rectangle, 6, C, 9, I, 3), with "rectandde” indicating the shape, "6,C'
indicating the |lower left hand corner of "The rectangle, "9,1" indicating
t he upper right hand corner of the rectangle, and "3" indicating the

region id. Such a besmsrl Sheatsensitivet ygpireet dagInetsub?trindPrAgnite
sensitive areas indesaiwthon.t h trhecadter when shabtérm "sEmsisdéeendreadt ne a

region command ha%&?&ﬁ&f@*ﬁh@f%ﬁa&&&gfhsolsld&séd, Andb térm3heat th

triangle” indicating the h%Ee, "1, F, "6, A", and "6, K'
thé area of surface closest to those symbols; therefore,
‘any shape defined will be an approximation of the final
shape the region of sensitive areas map out. The higher
the resolution of the touchpad, the closer the sensitive
area mappings will approach the virtual shapes defining
themn.

While the present invention has been illustrated
by the description of embodiments thereof, and while the
embodiments have .been described in considerable detail,
it is not the intention of the applicant to restrict or
-in any way limit the scope of the appended claims to
such detail. Additional advantages and modifications
will readily appear to those skilled in the art.
Therefore, the invention in its broader aspects is not
limited to the specific details, representative
apparatus and method, and illustrative -examples shown
and described. Accordingly, departures may be made from
such details without departing from the spirit or scope
of the applicant's general inventive concept.
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command creates a virtual triangle 214 surroundi ng the sen$jatd V&

2.4 (I |

i ndicating the three vertices, and "3" indicating the regjon id u
a' v @ MG ogs |

i ndicated by the "A" synbol. Notice that both the rect abgke 2
triangle are assigned to region id 3; they have the sane REPLACENMENT
SHEET Date 22 AUG 1995 44 region id. Thus, the two shapes are nmapped to
the same function and conprise the arrof#196. Hence, a touch in either area
or both areas together causes the sane Tesponse fromthe application

program The remaining sensitive areas of the touchpad surface, indicated
" We claim:

1. A computer system comprising:

(a) a central processing unit (CPU);

(b) a memory in circuit communication with said
CPU;

(c) a peripheral interface circuit in circuit
communication with said CPU characterized by being
capable of interfacing to said CPU coordinate type data
from at least one external touchpad. having a touch-
sensitive surface; and

(d) touch region definition logic associated with
said CPU and said peripheral interface unit and
configured to define a region of the touchpad and
associate the region with a region identifier responsive
to input from at least one application program executing
on said CPU.

2. The computer system of claim 1 further comprising
region identification logic associated with said CPU and
configured to determine the region identifier of a
touched region of the coordinate type device responsive
to a touch of the surface of the touchpad.

3. The computer system of claim 1 wherein said region
defining logic is further characterized by being capable
of defining at least one null region of the touchpad
surface characterized by a touch of the at least one
null region not being communicated to the at least one
‘application program.

4. The computer system'of claim 1 further comprising
touchpad mapping units logic configured to change the
units of the inputs to said region defining routine

—_—
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generally at 215, are still assigned the null id as a regi RFEFAQE%EQTSHEET

sensitive areas are indicated by the "[err]" synbol. It wl e T %
apparent that a great variety of conplex shapes can be fon bﬁg"ﬁzgﬁgbemgi"

manner. Each shape can have a unique region id or one or nore regions can
share a region id. During use, pressing the touchpad with the mapped

regi ons shown in Figure 4 causes the opéffati ng systemto .deternine the
region id of the area touched. For &xanple, if location 13,E (indicated
at 216) is pressed, the coordi nates of the touched |ocation are transferred
to the CPU via theFPFRRSVe Qe 18RRIt INTT $P&t &fn tRAST AT @PPRAE2T Rt on i d
2 was pressed and pesgssnsegionid 2 to the application program which
then perfornms the function associated with region id 2.

5. The computer system of claim 1 wherein said touch
region definition logic comprises circuitry in circuit
communication with said CPU.

6. The computer system of claim 1 wherein said touch
region definition logic comprises executable code for
execution on said CPU.

7. The computer system of claim 1 wherein said touch
region definition 1logic is configured to allow the
definition of regions having various geometric shapes.

8. The computer system of claim 1 wherein said touch
region definition logic is .configured to allow the
definition of triangular, rectangular, and - circular
regions.

9. A computer system comprising:

(a) a central processing unit (CPU);

(b) a memory circuit in circuit communication with
said CPU;

(c) a video circuit in circuit communication with
said CPU and said memory for generating an electrical
signal corresponding to a visual image to be displayed
on a video display device;

(d) a peripheral interface circuit in circuit
communication with said CPU for interfacing signals from
external devices to said CPU;

(e) a pad surface exposed to allow contact by a
finger,'stylus, or the like;

' R A
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On the other hand, pressing a regi-on assigned to the null ijd does,Rot aﬁ% |
the operating systemto pass a region id to the applicatio .Dﬂat.t‘%_... AH§
descri bed above, the operating systemeither does nothing =
perfornms sone other appropriate activity. For the application to detect the
touch of a "null" region, ~ the application nmust first cal | t he
define a region command to assign the entg re touchpad surface to a certain
region id and, when naking hol |l ow regi ors; assign any hollow region to that
region id. In the above mapping the term"virtual" was used to describe the
shapes: circle 200, cirdif¢ 20zetainet efROLemoyabingsecxing angerplatgyl e
214. This termis ge&fhay proximate to said pad surface;

(g) a coordinate sensor proximate to said pad

surface for generating at least one electrical signal
and configured such that the cumulation of said
electrical signals correspond to the coordinates of the
location of the stylus, finger, or the 1like touching
said pad surface or touching a template overlay
proximate to said pad surface;

(h) a rigid base proximate to said pad surface;

(i) coordinate determining circuitry in circuit
communication with said coordinate sensor for
determining the coordinates of the stylus, finger, or
the 1like touching said pad surface or touching a
template overlay proximate to said pad surface;

(i) interface circuitry in circuit communication
with said coordinate determining' circuitry and said
peripheral interface circuit for communicating the
determined coordinates thereto; and

(k) touch region definition logic associated with
said CPU and said peripheral interface unit and
configured to define a region of the touchpad and
associate the region with a region identifier responsive
to input from at least one application program executing
on said CPU.

10. The computer system of claim 9 further cémprising
region identification logic associated with said CPU and
configured to determine the region identifier of a
touched region of the coordinate type device responsive
to a touch of the surface of the touchpad.

11. The computer system of claim 9 wherein said region
defining logic is further characterized by being capable

[ —————
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a

not have infinite resolutlon. In fact, when the term "ségn
defined by the various synbols is used, that termneans t
cl osest to those synbols; therefore, any shape defined wl

approxi mati on of the final shape the region of sensitive areas map out.

be an

hi gher the resolution of the touchpad, ttBe cl oser the sensitive area

mappi ngs wil |

approach the virtual

and while the enbsfi msfigingvatbdenstieSeeri Bedl | RegiATsi Aer it ctanahard,
not the intention ffrfake epakactedided MBSty ittduchl of the at least one

null region not being communicated to the at least one

application program.

12. The computer system of claim 9 further comprising
touchpad mapping units logic configured to change the
units of the inputs to said region defining routine
responsive to inputs from the at least one application

program.

13. The computer system of claim 9 wherein said touch
region definition logic comprises circuitry in circuit
communication with said CPU.

14. The computer system of claim 9 wherein said touch
region definition logic comprises executable code for
execution on said CPU.

15. In a computer system having a central processing
unit (CPU) and a peripheral interface circuit in circuit
communication with the CPU and for electrically
interfacing to the CPU an opaque coordinate type input
device having a touch-sensitive surface, an operating
system comprising: '

(a) a region defining routine configured to define
at least one region of the coordinate type device and
associate the region with a region identifier responsive
to inputs from ‘at least one application program
executing on the CPU;

(b) a touchpad interface routine configured to
acquire coordinate type data from the peripheral
interface circuit; ’

Sl \Blahvas’

shapes defining them Wile the present
invention has been illustrated by the description of enbodinents thereof,
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in any way |limt the scope of the appended clains to such(ﬁﬁﬁhﬁqEMENTSHEET

Addi ti onal advantages and nodifications wll readily appe D& QFZBQMJG
skilled in the art. Therefore, the invention in its broad i
specific details, representative apparatus and nethod,
and illustrative exanpl es shown and descri bed. Accordingly,

5% |

departures may

be made from such details w thout departiiong fromthe spirit or scope of the
applicant's general inventive concept. = REPLACEMENT SHEET Date 22 AUG
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(c) a region identification routine configured to
determine the region identifier of a region of the
coordinate type device responsive to touches of the
surface; and

(d) a region identity communication routine
configured to communicate the determined region
identifier to the at least one application program.

16. The computer system of claim 15 wherein:

(a) said region defining routine is further
characterized by being capable of defining at least one
null region of the touchpad surface characterized by a
touch of the at least one null region not being
communicated to the at least one application program;
and

(b) said region identity communication routine is
further characterized by not communicating to the at
least one application program a touch of the at least
one null region.

17. The computer system of claim 15 further comprising
a touchpad mapping units routine configured to change
the units of the inputs to said region defining routine
responsive to inputs from the at least one application

program.

i' N O O R



1. A conputer system conprising: (a) a central processing [iIREPLACEMENTQHEET
menory in circuit communication wwth said CPU;, (c) a peripheral Eg?ﬁgh?qxﬁ
circuit in circuit communication with said CPU charact eri zZp @2yt :

capable of interfacing to said CPU coordinate typé data fromat I east one
external touchpad. having a touch- sensitive surface; and (d) touch region
definition logic associated with said CPU and said peripheral interface
unit and configured to define a region pf the touchpad and associate the
region with a region identifier responstve to input fromat |east one

appl i cation progran1execuLLng_Qn_saLd_CEu__2__Ihe_£nnpuL3LTsysten1of claim

1 further conprising 42 - 40 10
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‘region identification |ogic associated with said CPU and c nflgure gﬁ
determine the region identifier of a touched region of thef qﬁgédl A EJ@gg

devi ce responsive to a touch of the surface of the touchpal
conputer systemof claim1 wherein said region defining logic is further
characterized by being capabl e of deflﬂiﬂg at least one null region of the
touchpad surface characterized by a to of the at | east one null region
not being communicated to the at |east oge applicatiqp progran1 4. The
conputer systemof claim1 further cQms ¥sing touchpegl units logic
configured to change the units of trmgrﬂgut@>to said- ¢§g|on f|n|ng
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| east one application program 5. The conput er systen1ou % éﬁ&e 4
said touch region definition |logic conprises circuitry -
comuni cation with said CPU. 6. The conputer systemof claim1 wherein said
touch region definition |logic conprises executable code for execution on
said CPU. 7. The conputer systemof claim1 wherein said touch region.
definition logic is configured to allow the definition of regions having
vari ous geonetric shapes. 8. The conpuBer systemof claim1 wherein said
touch region definition logic is configured to allow the
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~definition of triangular, rectangular, and circular re |0%§FA%FMEFTSHEET

conputer systemconprising: (a) a central processing uni
menory circuit in.circuit comunication with said CPU; (

in circuit conmunication with said CPU and said nenory for generating an
el ectrical signal corresponding to a visual inmage to be displayed on a

vi deo display device; (d) a peripheral interface circuit in circuit

comuni cation with., said CPU for interfacing signals from external devices
to said CPU;, (e) a pad surface exposed To allow contact by a finger,

stylus, or the like; 102 ///’—'106
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securing a tenplate overlay proximte to said pad surfa
sensor proxinmate to said pad surface for generating at
signal and configured such that the cunul ation of said ectrical signals
correspond to the coordinates of the location of the stylus, finger, or the
|l i ke touching said pad surface or touching a tenplate overlay proximte to
said pad surface; (h) a rigid base proxinmate to said pad surface; (i)
coordinate determning circuitry in circuit
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communi cat i on W th said coordi nate sensor for deteFﬁPﬁﬁﬁﬁMFNESHEET
"coordinates of the stylus, finger, or the like touching sai dpgaq 2@ AEe198H
touching a tenplate overlay proximte to said pad surface; | mrnter+aee"ﬁvm

circuitry in circuit conmmunication with said coordi nate determ ning
circuitry and said peripheral interface circuit for comunicating the
determ ned coordi nates thereto; and (k) touch region definition |ogic
associated with said CPU and said periphgral interface unit and configured
to define a region of the touchpad and associate the region with-a region
identifier responsive to input fromat |east one application program
executing on said CPU. 10. The conputer systemof claim9 further
conprising region identifiddbi | ogi ¢ associated with said CPU and
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configured to deternmine the region identifier of a touche ﬁﬁﬁﬁ“§ﬁ”@“ﬂ§ﬂ??7 -
coordi nate type device responsive to a touch of the surfage of ?}% %UB 1995
:0 " e 'r.ni..ng...'

touchpad. 11. The conputer systemof claim9 wherein said
SHEET Dat €

logic is further characterized by being capabl e REPLA
: 22 AUG 1995 49 of defining at | east one null region of the touchpad
sur.face characterized by a touch of the at | east one null region not being
conmmuni cated to the at | east one application program 12. The conputer
systemof claim9 further conmprising —
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t ouchpad mapping units logic configured to change the unit g BEPLARGEMENTISHEET
to said region defining routine responsive to inputs from tjhe at | gsAu@qus
application program 13. The conputer system of claim9 whef Bpte sal.d..LoucY ..
region definition logic conprises circuitry in circuit commmrcatrom wWth————
said CPU. 14. The conputer systemof claim9 wherein said touch region
definition, logic conprises executable code for execution on said CPU. 15.

In a conputer system having a central p8ocessing unit (CPU) and a

peripheral interface circuit in circuit—Ttonmunication with the CPU and for
electrically interfacing to the CPU an opaque coordi nate type inpuﬁkgevice
havi ng a touch-sensitive surface, an operating system conprising: QY
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- . o . . . REPLACEMENT SHEET
(a) a region defining routine configured to define at |easf one region of . -

the coordinate type device and associate the region with arﬁgéoqzw[}l&gﬁ
identifier responsive to inputs fromat-|east one applicat FOG-AMm
executing on the CPU, (b) a touchpad interface routine configured to

acquire coordinate type data fromthe peripheral interface circuit;
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(c) a region identification routine coqugured to
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REPLACEMENT SHEET

determine the region identifier of a region of the coordinafe typq29§KUGq995
responsi ve to touches of the surface; and (d) a region idenl|iDgte:. 2. . ...
comuni cation routine configured to communicate the det i FOF
identifier to the at | east one application program 16. The conputer system
of claim 15 wherein: (a) said region defining routine is further '
characterized by being capable of defining at | east one null region of the

t ouchpad surface characterized by a t oudi® of the at |east one null regi on

not being comunicated to the at | east one application program and (b)

said region identity comunication routine is further characterized by not
communi cating to the at | east one application programa touch of the at

| east
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REPLACEMENT SHEET

one null region. 17. The conputer system of claim15 furthe
t ouchpad mappi ng units routine configured to change the un

to said region defining routine responsive to inputs fromt
application program
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| Date: 22 AUG ‘995

ST TOUCHPAD SUPPORT
- IN_OPERATING SYSTEM

. ABSTRACT
A computer system comprising a central processing
unit (CPU) configured to accept coordinate type data
from a touchpad or the like. The CPU has an operating
system executing thereon with special support for

' interfacing to the touchpad. The operating system has

the following capabilities: (1) mapping out. geometric
regions of the touéhpad and assign the regions to
specific region identifiers responsive to application
programs and (2) determining the region identifier of a
touched region and passing that region identifier to the
application ‘program. Support is also provided for
changing the units of the commands used to deflne the
regions.
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