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Personal communications is on the brink of an unprecedented
expansion of its capabilities. With the advent of advanced
personal communications services, such as cellular telephone and
low earth orbit (LEO) satellite services, this expansion of

15 capabilities also benefits mobile users. Not only does the
expansion of capabilities benefit voice communications, but it
also benefits data communications, such as might be used with
portable computers and other personal data communicators.

A major difficulty with the expansion of services is that a

20 wide variety of different voice and data communications
protocols have been proposed. It can be expected that this
variety will increase, both world-wide and within a local area.
For example, each communications service has its own technical,
geographic and feature sets. Technical parameters include

25 frequency(ies), modulation and protocol used, among others.
Geographic parameters are dictated by the particular locale.
Feature sets describe whether the service is voice, paging,
data, or some combination of these.

As a consequence, a given communications device will become

30 less useful as its user attempts to use it in areas that use
incompatible services. For example, as people who rely on mobile
communications move through a day, they can move in and out of
different coverage areas and their communications needs will
change constantly. Further, even within a local area, a given

35 communications device will gradually become less useful as its

built-in capabilities are rendered out-of-date by newer
services.
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Brief Description of the Drawings

Figure 1 is a schematic representation of the interface

15 structure of an embodiment of the present inventionm.

Figure 2 is a schematic representation of the physical
structure of an embodiment of the present invention.

Figure 3 is a block diagram representation of an embodiment
of the present invention, when used as a terminal emulator.

20 Figure 4 is a block diagram representation of an embodiment
of the present invention, when used as a facsimile
transmitter/receiver emulator.

Pigure 5 is a block diagram representation of an embodiment
of the present invention, when used as a communications device

25 emulator.

Figure 6 is a block diagram representation of an embodiment
of the present invention, when used as a wireless local area
network emulator.

Figure 7 is a block diagram representation of the operation

30 of the present invention. '

Figure 8 is a block diagram representation of the operation
of the present invention in an embodiment that integrates
several digital personal communication services.

Figure 9 is a flow chart representation of the call

35 processing operations of the present invention.

Figure 10 is a timing diagram representation of the
processing operations of a land-initiated call in accordance
with the present invention.
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Figure 13 is a schematic representation of the function of
software in the present invention.

Figure 14 is a block diagram representation of the software
architecture of the present invention.

Figure 15 is a tabular representation of the dynamic
configuration modes of the present invention.

Figure 16 is a schematic representation of the dynamic
configuration modes of the present invention.

Figure 17 is a schematic representation of the run-time
reconfigurable architecture of the present invention.

Figure 18 is a schematic representation of a symmetrical
array structure for use in the present invention.

Figure 19 is a schematic representation of a busing network
symmetrical structure for use in the present invention.

Figure 20 is a schematic diagram of a cell structure for use
in the present invention.

Figure 21 is a flow chart diagram of the stand-alone design
environment of a field programmable gate array for use in the
present invention.

Figure 22 is a flow chart diagram of the design environment
of a field programmable gate array for use in the present
invention.

Figure 23 is a schematic diagram of an analog front end for
use in the present inventiom.

Figure 24 is a schematic diagram of the digital hardware for
use in a preferred embodiment of the present invention.

Figures 1-24 present graphic descriptions of the preferred
embodiments of the invention which, when combined with the
following description of the preferred embodiments will be
understood by those skilled in the communication electronics and
microelectronics arts.



15 structure of an enbodi nent of the present invention. Figure 2

is a schematic representation of the physical structure of an

enbodi ment of the present invention. Figure 3 is a block diagram
representati on of an enbodi nent of the present invention when used as
a termnal eM%BH#A2 20 Figure 4 is a block diagram r SrESSHE on of
an enbodlnent of the present |nvent|on when used as a fac5|n1le
transm tDes 20nc0f o ed 5=

oli agr am

represent at'?fg'&fe an 1err909eﬂaﬁumc reﬁi:'eééﬂtﬂﬂﬁﬁ%tf tﬂaeMﬂéybac\éhen used as
a conmuni cations d VI ce enul a e 6 ig,a block diagram

r epr esentHHGHESf © dﬂ‘g‘ﬁf‘t of! e t%?sﬁpéseﬂ\gerftﬁ\?éhtl R, when used as
a wirel egncdnfage éeeace 50 dacludes o3yl nterface 52 (sudh ggra PCMGIZ bl ock

g' ag;@”}giﬁ&ﬁ%@:@? @th&@rﬁodﬂe SQPeélg;%ﬁe:gt%dQﬁt{eﬂng (Eﬁyeﬁégoéf“ t he
plrggeﬁt ?é\'\/earﬂqbg ?ﬂnﬁ%gec?dﬁ%gﬁﬁ hat" |aﬁ’tag‘8?a{’e%t£% é‘glseral digital
per sonal intenfiavec SR veceives ead transmits siggals between thew chart
represenipidaacel dbhecéad andd apr éﬁ@?ﬁhﬂg deRqkat (86e fHownhe B?esgago ¢ the
et o8 o, wichof SR, af, WA BRI B SSRRLE on of he
preséht framads dgom the interface 52 and transmits the 1nterpretation
to the IF stage 56. The protocol 54 also receives signals from
the IF stage 56 and transforms them, in accordance with an
appropriate protocol, to signals for transmittal through the
interface 52. The connector 58 communicates signals with the IF
15 stage 56 for transmittal to and receipt from an external
communication service. The external communication service can be
connected in either a wired or wireless manner, as will be known
by those skilled in the communications and electronics arts.
Figure 2 is a schematic representation of the physical
20 structure of an embodiment of the present invention. In Figure
2, the interface device 50 is shown to include a configurable
device 70 (such as a field programmable gate array - FPGA or
other sea of gates device), a memory 72 (such as a flash random
access memory - RAM), a hard drive 74, and the connector 58. The
25 configurable device 70 connects to an external device (not
shown), such as a computer, and processes signals for
transmittal to and receipt from the memory 72. The hard drive 74
communicates with the memory 72 and transmits signals to and
from the connector 58 for transmittal to and receipt from an
30 external communication service. The external communication
service can be connected in either a wired or wireless manner,
as will be known by those skilled in the communications and
electronics arts.

Figure 3 is a block diagram representation of an embodiment
35 of the present invention, when used as a terminal emulator. The
terminal emulator device 90 includes the interface 52, which is
connected to a configurable circuit 82, signal processing
circuits 94, a first memory 96, and a second memory 98. The
signal processing circuits 94 communicate with the configurable

-4-
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RPCT/ US97/ 11628 Figure 11 is a timng diagramrepresentation of the
processi ng operations of a portable-initiated call in accordance W th

the present i Wajal Figure 12 is a schematic repr | of
t he funCtiona{Wﬁg‘}s’}fsr%t}cture of an enbodi ment of the present I?&ZQ{S%H% i

Figure 13 is a schematic representation of the function of software in
the presen€ifGitigniPRonthe first memgry 99, 3nd Lhg §ERORAE [FHYr 2Br et ati on
of the sof kit procassimg eximaudtef 94 halgy exgmuni ageatywinh ap0externd gure

15 is a taQihiiniBRESACELAH @ The! BRcEMMIAM Gmmunication service can be
connected in either a wired or wireless mamnner, as will be known
5 by those skilled in the communications and electronics arts.
The configurable circuit 92 is arranged to respond to
signals from the interface 52, the signal processing circuits
94, the flash memory 96, and the RAM 98 to cause the proper
transmittal of communications signals between the interface 52
10 and the signal processing circuits 94.

Figure 4 is a block diagram representation of an embodiment
of the present invention, when used as a facsimile
transmitter/receiver emulator. The facsimile
transmitter/receiver emulator 110 includes the interface 52,
which is connected to the configurable circuit 92. The
configurable circuit 92 is also connected to a first special
purpose facsimile circuit 112, a flash memory 114, a RAM 116, a
second special purpose facsimile circuit 118, and signal
conditioning circuitry 120. The signal conditioning circuitry
20 120 is adapted to communicate to a compatible device (not

shown), such as a telephone or external speaker.

The configurable circuit 92 is arranged to respond to
signals from the interface 52, the first and second special
purpose facsimile circuits 112 and 118, the flash memory 114,

25 and the RAM 116 to cause the proper transmittal of facsimile
signals between the interface 52 and the signals conditioning

circuitry 120.

f=}
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Figure 5 is a block diagram representation of an embodiment

of the present invention, when used as a communications device

30 emulator. The communications device emulator 130 includes the
interface 52, the configurable circuit 92, an A/D converter 132,
special signal conditioning circuitry 134, a flash memory 136, a
RAM packet memory 138, and a RAM memory 140. The communications
device emulator 130 typically facilitates communications via

35 analog signals, although it can also facilitate communications
via digital signals. The signals transmitted through the
interface 52 are received and processed by the configqurable
circuit 92. The configurable circuit 92 communicates with the
special signal conditioning circuitry 134, the flash memory 136,

~5-



configuration nodes of ‘the present invention. Figure 16 is a
schematic representation of the dynamc configuration nodes of the
present invention. Figure 17 is a schematic representation of the
run-time 15 reconfigurable architecture of the present invention.

Figure 18 i sWR%MM?tmtic representation of a symmetrical  PCHY§Zj1628
structure for use in the present invention. Figure 19 is a
schemat i checBAMspatkat memoryaldlisiang vhenBAR memoryy Adet r TealAM ructure for

use in theneesen!t 130\ RRinualcatds with theUEBadD niemotySEhEBERE FivAgr am of a
cell struct regfor us iqure 21 is
i

a flow cH %ﬁl\%ﬂf g’fu'hghgtélﬁh%- o%‘gepntaglginié‘g&'t Iﬁ%éﬁ??%ﬁ}reﬁ ’ a field
pr ogr anmedsindigaeping reircudryst34 rig fadaptedpre seammuniganei ba.a 25
Figure Z%tﬂn@a%iﬁhévﬂ&h&fet (elbagémmz, mhdasiam&wcﬁeggfpgeminﬂf. afield
IIC:)lr 88;2% ig %%gﬁ?gﬁé??‘ﬁ |%§i§n%hgf gg g%:ﬁsrgakpfgn{:éerx%sqod} to use in the
present iShEa¥lEofTom(-he intergace % itéleac%g%ﬂmt bd edicagenit 092 + hdedi gi t al
har dwar e picial sigw#l idondipiohtig erieniiedyneds, afhe ][ﬁaahgﬁeﬂér;} rl\r?%r}g: ?rg-nt 3
of “the | (- Epref, wiech L5874l IS el nlo) Yl £8, eruse B bt on
of the prRFaRere§ranfiitfnes fArsimile signals between the interface 52
and the special signal conditioning circuitry 134.
Figure 6 is a block diagram representation of an embodiment
of the present invention, when used as a wireless local area
network emulator. The wireless local area network (LAN) emulator
15 150 includes the interface 52, the configurable circuit 92, an
address conversion circuit 152, an interface circuit 154, a
flash memory 156 and a RAM 158. The interface circuit 154
includes a signal processing circuit 160 and a second
configqurable circuit 162. The configurable circuit 92
20 communicates with the signal processing circuit 160, the flash
memory 156 and the RAM 158. The address conversion circuit 152
communicates with the signal processing circuit 160, the flash
memory 156 and the RAM 158. The signals received by the signal
processing circuit 160 from the configurable circuit 92 and the
25 address conversion circuit 152 are transformed to a form for
processing by the second configurable circuit 162, which can be
configured as necessary in accordance with procedures known by
those skilled in the relevant arts. The signals resulting from
the processing operations of the second configurable circuit 162
30 are transmitted to a radio communication device such as a
baseband transceiver. Similarly, signals from the radio
communication device are received by the second configurable
circuit 162 and converted to a form compatible with the signal
processing circuit 160. The signal processing circuit 160 then
35 produces signals for receipt by the configurable circuit 92
and/or the address conversion circuit 152 which then process and
send the signals on to the interface 52.
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Description of,d pshaef erred Enbodi nents of the Invention msﬁh%ﬁe
is a schenatic representation of the interface structure g¥

enbodi nent of the present venti i nterface device 50 ncludes
an interface 5%15{“5"0[‘?0 R a8 3 %R@grﬁﬂt ’é??%ﬁ?éﬁntaﬁlﬁf’o?gctd} € Spergplon
i nternedladﬁatheeqneﬂ@@t(ﬂﬂ?ﬁnsnage showing the functions performed by the
hardware of the foregoing descriptions.
Figure 8 is a block diagram representation of the operation
s of the present invention in an embodiment that integrates
several digital personal communication services. The personal
communicator 170 includes an antenna 172 connected to an RF
power amplifier 174. The personal communicator 170 also includes
an RF small signal circuit 176, a filter 178 and an IF stage
10 180. The RF small signal circuit 176 is connected to the RF
power amplifier 174. Signals produced by the small signal
circuit 176 are passed to the filter 178 and then to the IF
stage 180. As shown in Figure 8, the function of these portions
of the personal communicator is to serve as a combined voice and
RF A/D and D/A device, as well as a homodyné RF transceiver.
The output of the IF stage 180 is passed to a voice A/D and
D/A circuit 182. The circuit 182 performs appropriate analog-to-
digital and digital-to-analog operations and passes the result
on to an integrated baseband voice data and image circuit 184.
20 The circuit 184 includes a microcontroller 186, a modem
equalizer 188, a channel coder 190 and a voice coder 192. The
microcontroller 186 is connected to the circuit 182 and signals
produced by the microcontroller 186 is connected to the modem
equalizer 188. The signals produced by the modem equalizer 188
25 are then passed on to the channel coder 190 which produces
signals that are passed on to the voice coder 192. The circuit
184 accordingly serves to convert signals from the circuit 182
to forms appropriate for uses with a speaker 194 and a
multimedia terminal 196.
30 It would also be clear to those skilled in the relevant arts
that signals from the speaker 194 and the multimedia terminal
196 can be converted by the personal communicator 170 to a form
by transmittal by the antenna 172 to a remote service or user.
Figure 9 is a flow chart representation of the call
35 processing operations of the present invention as would be
understood by those skilled in the communications arts. After DC
Power Start-up task step (block 500), the next step is to
initialize the communicator 170 (block 502) by a dedicated
Channel Scan task step. If no valid message is received, the
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56, and a connector 58 (such as an analog pigtail). The I nterface 52
recei ves and transmts signals between the I nterface device 50 and an
external device (not shown), such as a conputer with a PCMCI A slot. The

protocol 54 | ts 10 signals fromthe interface 52 an L.LS the
I nterpret atig@&5 o the IF stage 56. The protocol 54 al so%’ggaégas?& i

signals from the I F stage 56 and transfarns thegg I n accor%gncs with an
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comurs cattiegngdbandk 30Dt.r Afi tegistration is indiqaned,2the waskhenatic
representatd Qaaf ¢4 hen RiShembud Redildteatibh CdsiesrepbeeigBitse) t he

present inventiq I n Fi gur, 2, the Lnterface device 50,is shown to
i ncl ude RIS F’QE?’ Bt eA:eS%n%Sei ﬁ‘ébéﬁﬁz"(e&&éﬁ' a8 &fpﬁoﬁ?:'aﬁabl e gate
array - Fe@%age is retdicredsdn bhe gRagingdEhppngl Selespdop vasKsikdp as a

g'SaS?hr ag ck 502f (e IR proct¥d torahardidriagk &tepaElblie suw)nect or
. e

Shownd®. such 18 AR BREk PR BAOSecEIE) o AREe) BFS SeS s t{al to
and receipptionsm ERelhenprvalid mepgageri® geredved, 2) acapsoanceiner with the
Nenory 72y sk dukNaetés FowBlconts, a0 3) a Fe8EAA hegHAYRcEEOre&Sived,
transnlttgﬂetégs ngeE8§§§F¥°1EH%”bgﬂer Start-up task step (block 500). If
registration is indicated, the task proceeds to the Autonomous
15 Registration task step {(block 508). If a call initiate is
indicated, the task proceeds to an Origination task step (block
510), which will also be described subsegquently. If an order
message is received, the task moves to an Order Response task
step (block 512), which will also be described subsequently. If
20 a page message is received and a page match occurs, the task
moves to a Paging Response task step (block 514}, which will
also be described subsequently. If an expectant event occurs,
the task stays at the Idle task step (block 506).
The Autonomous Registration task step (block 508) involves
25 an access channel scan. If a call initiate is indicated, the
task proceeds to the Origination task step (block 510).
Otherwise, regardless of whether a valid message is received,
the task moves to a Serving System Determination task step
{(block 516), which will be described subseguently.
30 If the task is in the Origination task step (block 510), and
a valid message is not received, the task moves to the Serving
System Determination task step (block 516). On the other hand,
if a valid message is received, the task moves to a Conversation
task step (block 518), which will also be described
35 subsequently.
From the Order Response task step (block 512), the task
proceeds to the Serving System Determination task step (block
516), regardless of whether a valid message is received. From
the Paging Response task step (block 514), if no valid message
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30 external communi cation service. The external communication servi ce
can be connected in either a wired or wirel ess manner, as wll be known
by those skilled in the comuni cati ons and el ectronics arts.

Figure 3 is a‘p &o\/\ﬂ‘ agram representation of an enbodi nent %é.m,g;.”ﬁFﬁ
present “i nvent1 on, en used as a termnal enulator. The term na

emul ator device 90 includes the interface 52, which is connected to a
confi gur ablse TECRaNRE: he SaghaMopes R Sh%) Serving jyFen Q&te’é‘“’r‘?"’f%’t‘mnenor y
96, and a tssEkoBdepelibkockd&16TheHowevent,gridl apvaltEd giewpager ¢ai rec@ived,

communi cat§, Wbyt RevédHd WwaRESng for Order task step (block 520) . -4-
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circuit 92, thZhexe drefABF PRBIBIR sFﬁEe§erc%r‘ﬁ?aﬁ'§n5F9m € The si gnal
processs ngcmvmatsoﬂ&aslt steportiliock B838)w Iif anfade e:nmwlr times out

after 5 seconds, the task then moves to a Transmitter
Deactivation task step (block 522). If a release order is
received or the conversation is terminated by depressing the END
key of the communicator 170, the task moves to a Release Task

10 step (block 524), which will be described subsequently. If
either an alert or a maintenance order is received, the task
proceeds to a Waiting for Answer task step (block 526). If there
is no order or action received, the task returns to the
Conversation task step (block 518).

15 From the Waiting for Answer task step (block 526), the task
returns to the Conversation task step (block 518) if a
conversation enable signal is received by depressing the SEND
key of the communicator 170. If a stop alert order is received,
the task proceeds to the Waiting for Order task step (block

20 520). If a release order is received, the task moves to the
Release task step (block 524). Finally, if either the 5 second
fade timer time-out or the 65 second alert timer time-out
occurs, the task goes to the Transmitter Deactivation task step
{block 522).

25 From the Waiting for Order task step (block 520), the task
moves to the Waiting for Answer task step (block 526) if an
alert or maintenance order is received. However, if a release
order is received, the task proceeds to the Release Task step
(block 524). Finally, if the 65 second alert timer time-out or a

30 conversation is terminated by depressing the END key of the
communicator 170, the task goes to the Transmitter Deactivation
task step (block 522).

From the Release Task step (block 524), the task moves to
the Transmitter Deactivation task step (block 522), and from the
© 35 Transmitter Deactivation task step (block 522), the task
proceeds to the Serving System Determination task step (block
516). From the Serving System Determination task step (block
516), the task goes to the Initialization task step (block 502)
if the serving system state is not set to NAM. On the other
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communi cati on service. The external conmunication service can be
connected in either a wwred or wirel ess manner, as will be known 5 by
those skilled in the comunications and el ectronics arts. The
conf i gur abl i it 92 is arranged to respond to signals fromthe

i nterface 5%&9&/&%&* gnal processing circuits 94, the fACHYSIHLGRE y -06,
and the RAM 98 to cause the proper ) transmttal of conmunications
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a RAM 116, ?gegghéétsle%nor?g géggﬁg?é pur p{%‘sgsfa géétﬁn{%&% eojfg_lgr §F{'£€€%', and si gnal
condi t i oriiigiared fally i gccer@ans) wiithc SR8 Pressny iaveatieny Thege 120 is
adapt ed tskiddeduim ctiee commantoapidndlartdevwile yddrstand th&®VWheseSUCh as a

t el eph Q: ; : | b | 1. .92 i
ar ranged TALRg Aesgns REBEECE vety gmaphiFARLF MRdChER Lhs “uidinopl, |2
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Condltlcngﬂggsystem first uses all signaling channels to send signals

(duration 26 ms) from the bases to the portable units, with an

indication to reply on a channel zero. Next, using the

appropriate area signaling channel, the portable replies to the
base, sending a ready status indication. Following this, again

using the area signaling channel, the appropriate base sends a

signal to the portable, with a request to switch to voice

20 channel 12. Then, on voice channel 12, the portable replies to
the base, indicating the execution of the command. Using the
voice channel, the base then sends a ring signal to the portable
and, in response, the portable send an off-hook signal to the
base, using the voice channel. '

25 In Figure 11, the case of a portable-initiated call is
described. Using a portable to base signaling channel, the
portable first sends its address and a request channel
assignment order. Next, using the assigned channel, the base
signals to the portable, giving it its channel assignment. The

30 portable then signals the base on the assigned chanmel,
acknowledging the channel assignment and requesting a dial tone.
In response to the request, the base sends the dial tone signal
to the portable, using the assigned channel.

b
(¥

Figure 12 is a schematic representation of the functional
structure of an embodiment of the present invention. The
communications device 200 includes an interface card 202 and an
analog pigtail 204. The interface card 202 can be a PCMCIA type
Il card, for example. The interface card 202 includes a PCMCIA
connector 206 for connection to a host system 208. The interface

{7V ]
w
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circuitry 120. Figure 5 is a block diagramrepresentation of an
enbodi ment of the present invention, when used as a conmuni cati ons
devi ce 30 enulator. The communi cati ons device enul ator 130 includes the

interface 52, figurable circuit 92, an A/D converter

speci al "si gnal (Q%ILIWI oning circuitry 134, a flash nenory 13éé?ms97/uszs RAM

packet nenory 138, and a RAM nenory 140, The comyuni c ons devi ce
gror "Gt

emul at or £389 997 AT, ipgipdes & BRALATREARS L0y @ S¥PaEEAY signal s,
al t hough iprogeammilsie fiateimédiare omodubation gtmge 212 gnd alimgnagly si gnal s.

The si gnalpg, ﬂﬂSﬁétﬁmet Bfey&éblt% ine 216 i frdee ihteBhaifGei ved and
processed e

communi cat“l§’§1 hg‘?%a e 212 sﬁ.%ﬂﬂ%ﬁ‘éﬁ It?:o'?zﬂﬁ }I&glﬁﬁgnf I u‘%:%lb‘{r(raf%lfgzu' :E hgz
fl ash memuhe hafiory portion 214, which can include a hard drtwe static
WO 97/ 48064M and flash RAM, communicates with both thBCHrbE8déil ldfine

210 and the intermediate modulation stage 212.

The interface card 202 is connected to the analog pigtail
204, which provides various other means for communicating with a

10 user, such as an antenna, a modulator, demodulator or modem, a
microphone, a speaker, and such other components as can serve to
communicate information with others. The personal communications
device 200 preferably operates at a UHF frequency (or higher)},
such as 800-900 MHz, and can serve as a concurrent paging

15 receiver, a fax modem operating at base band or other
communications devices known to be in the prior art by those
skilled in those arts.

Figure 13 is a schematic representation of the function of
software in the present invention, describing the advantages

20 provided by software operating in a computer connected to an
accessible network.

Figure 14 is a block diagram representation of the software
architecture of the present invention. At the highest levels,
the software of the present invention fosters communication with

25 external communications services. These levels of software
communicate with software intended for communication within the
personal communicator, including host level driver, serial I/O
operators, local area networks, and so forth. At a lower level,
the software of the personal communicator operates background

30 applications, controls the file system, performs power
management, and controls the I/O transport stack. The internal
software also acts as an embedded digital signal manager,
controls such functions as telephone stacking, call management,
call control, and so forth.

35 At a still lower level, the software of the personal
communicator drives the reconfigurable operating system which is
used to control the reconfigurable circuitry of the personal
communicator.

-11-



t he RAM packet nenory 138, and the RAM nenory 140. The A/D converter
132 conmmunicates with the flash nenory 136, the RAM packet nenory 138,
and the RAM nenory 140. The speci.al signal conditioning circuitry 134

Is adapted tQ communicate to a 5 conpati bl e device (not sh as a
conputer or YOI 4Pat . The configurable circuit 92 |%ﬁ’ifﬂ’§£"d

respond to- signals fromthe interface 52, the configurable circuit 92
t he speciFigugeghsl ism@abpbnrngemersammmyomt thee dirhamic nenory 136,
the RAM pggk f&m&ymeaés aﬂokwgreéuheremgh&% th&aﬂ?i‘xz‘éhQslgspé oper

transmtta rface and_t he

et we i nt
Special SPBRERTLS FRREesARRatih &f P dnentc 'dBEioREs i masedlSe] 00,
di agr am £bprpeesrns iigvestian. S Giowsnin Figwre e phesepgratiganefon, when ’
used gs anwl aﬂlﬁﬁﬁc el gaf&bion modebWatkieatdalokaskherondeligss | ocal area

net wor k gbﬁ%%“%&t dg‘eegriijQZd 'QdJQ‘aidEh&ér{“er a§§t§2 th confkgurable

circult s conversion Circu é’c?e rcuit
154, a thef reconfigusiapleseingiita 222N §§§8C°q¢?et1+qmseﬂf-§€@t%| thei task4

i ncl uqesEagswnféldHa&as&wamlﬁﬁylﬁecbﬁexgﬂﬁbméaqeedu zzzmﬁf I %ur abl e |
O ot ASeptA, 65 e upalls Sl Logdh SO S0t o8 W11 LT 51 gne
addr é8s convdHguge &7resid SERFmaticcBﬂﬂEﬁﬁﬁﬂ%ﬁ§é°ﬂn??1Qﬂﬁa:§ﬂgﬁﬁ$eproce55|ng
circuit %@eonftbguidllsh archifgectine HIS thedpiréseritANnteitidhe sofywake recei ved
by the SEQB@'& portion of a read-only memory 250 is used to boot up the
system when the system is activated. The system is booted up by
being loaded into a configurable file working storage 252, which
can be a portion of the various memory devices included in the
personal communicator. A group of system applications are also
stored in a system memory 254, which responds to signals issued
by a download control circuit 256. The download control circuit
256 is connected to the interface 52. The interface 52
20 communicates with the configurable circuit 92. As shown
schematically, the configurable circuit 92 is loaded with a
number of programs having various desired capabilities.
Under control of signals from the download control 256, a
desired capability not already present in the configurable
25 circuit 92 is loaded from the system memory 254 to the working
storage 252 and, from there, to the configurable circuit 92. If
a capability which is present in the configurable circuit 92 is
no longer needed, the software providing the capability is
eliminacted from the configurable circuit 92 and the software
30 providing the remaining capabilities may be moved around on the
configurable circuit 92 before new software for providing a new
" desired capability is loaded onto the configurable circuit 92.
Figure 18 is a schematic representation of a symmetrical
array structure for use in the present invention, and Figure 19
35 1is a schematic representation of a busing network symmetrical
structure for use in the present invention.

™
n

Figure 20 is a schematic diagram of a cell structure for use
in the present invention and more particularly for use in the
symmetrical array structures shown in Figures 18 and 19. As will
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processing circuit 160 fromthe configurable circuit 92 and the 25 address
conversion circuit 152 are transforned to a formfor processi ng by the
second configurable circuit 162, which can be configured as necessary

in accordance%w‘sg&ocedures known by those skilled in E’E'?m?ﬂ gagnt
arts. The signalS resulting from t he processing operations o Phe i

second configurable circuit 162 30 are transmtted to a radi o communi cation
devi ce suche aznderstoogRyydiase skhlied gt the aFFar | §Re SedtaFETRFBNT] he
radio CROTOHE S prboassing e ement s £chbgiad gayet hand acimishgc edkcgitnpl e

circuit 162 _an t t rpseiRati ble with the signal
processingggi?ékﬁqgl%gé.e&%éﬁ?ﬁﬁ%glg%roceséin circuit 160 then 35 produces
signals for re&adppre R tife 2cEHPY RhaAS S1iaPFaR|¢f ghe standgrteng (eSig8r ess
conver s onefivi fofinient5af Wai fielidhpropravealsieaagate arsandEdrhasei gnatseon to

the interfgggsé%% invention. The flow chart diagram shows desf@h entry,
logic reduction and optimization, pre-layout timing and function
verification, and then schematic regeneration resulting in bit
streém generations which comprise the desired software.

10 Figure 22 is a flow chart diagram of the design environment
of a field programmable gate array for use in the present
invention, as will be understood by those skilled in the arts.

Figure 23 is a schematic diagram of an analog front end for
use in the present invention. The front end 300 includes an

15 antenna 302 and a diplexer 304. Signals received by the antenna
302 and passed through the diplexer 304 pass through the band
pass filter 306 and an amplifier 308 to a mixer 310. The mixer
310 mixes the RF signals produced by the amplifier 308 with a
local oscillator signal produced by the synthesizer 312, driven

20 by a crystal 314. The signal output by the mixer 310 then passes
through a bandpass filter 318 to a user, which may be an analog
user or a d@igital user.

Signals produced by a microphone 320 is received by another
mixer 322 which is also provided an RF signal by the synthesizer

25 312. The output of the mixer 322 passes through a bandpass
filter 322 is received by another mixexr 322 which is also
provided an RF signal by the synthesizer 312. The output of the
mixer 322 passes through a bandpass filter 324 to an amplifier
326. The output of the amplifier 326 is input to the diplexer

30 304 which serves to transfer the signals to the antenna 302 for
transmittal as an electromagnetic wave.

Figure 24 is a schematic diagram of the digital hardware for
use in a preferred embodiment of the present invention. The
apparatus 350 includes the interface 52 and first and second

35 configurable circuits 352 and 354. The first configurable
circuit 352 is connected to the interface 52 and the second
configurable circuit 354. The interface 52 is also connected to
the second interface 354. The apparatus 350 also includes a
third configurable circuit 356, a fourth configurable circuit

_13_
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Figure 7 is a block diagramrepresentation of the operation of the
present invention, show ng the functions perfornmed by the har dwar e of

theforegoingl L ptions. Figure 8 is a block dlm
! ﬁ)dygﬁﬁc{s% . 97/11628

representati e operation 5 of the present invention in an

enbodi nent ‘that integrates several digital personal comrunication
servi ces 35Bheapricrarantroliermdfl c & FAM1762| #d&dagh BN ciife The
connect edjir@radn®second@owont igitdtliecicitédit TIED pafeS @bahecOsdyY eheor 170

| i ncl 8 d | F
tage 10 AR cqnillyFaplinbirSutEse: £l hyciSkort fon1 b 3807 A KA
power anP62f pag the figshRpY 3 g fWthec%‘h%‘-lgurﬁéﬁaFlrw’cﬁ RSt 176
are passet iconhBetéd e the/8hand ¢drfﬁigxzcrabme ¢frcuits3dggeaddOcheds shown in

o ser ve e BoRHRESLELY Heo, 10a8eP Ndrd¥], pr Ol wik-BEbRCHAILEO RN AL 0T 1S
homodyne T £AHREcefRRAMA third and-Howhy GPnE Ty Ler cirsyits 6ib3 s passed
to a voi @54/ Bsandand 358 Arei configusl tbhaccompliish th2 desirsds

appropri ahg, oget a g? R RS and
passes t he rcg@'g%‘t S "the aplp 5 agh% n%se@[ig}te Qb} Jﬁ VOl ggedgﬂﬁéir{% I mage
circutd mdigpcussed in t:he foregoing, as w:.ll be understood by those

skilled in the relevant electronics, computer and software arts.
The desired capabilities can be stored in the RAM 362 and the
flash RAM 364, as discussed above.

While the foregoing is a detailed description of the

15 preferred embodiment of the invention, there are many
alternative embodiments of the invention that would occur to
those skilled in the art and which are within the scope of the
present invention. Accordingly, the present invention is to be
determined by the following claims.
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20 The circuit 184 includes a mcrocontroller 186, a nodem equal i zer
188, a channel coder 190 and a voi ce coder 192. The m crocontrol |l er 186
is connected to the circuit 182 and signals produced by the

m crocontrol | o dfifgaézS connected to the nodem equal i zer pEPsdiifiees
signal s produced by the nodem equalizer 188 25 are then passed on to the
channel coder 190 whi ch produces signals that are passed on to the
voi ce coder 192. The circuit 184 accordingly serves to convert signals

fromthe cireuit 182 to forns appr@imste for uses with a speaker 194
and a multimedia termnal 196. 30 It would also be clear to those

skilled in_the rel ant _arts .that _signals . fromthe speaker 194 and the
mul ti medi alter ft TS £h5d f‘l’éGC%t?llmgcgﬂ\a/e S0y 3 ee‘#‘t%‘ﬁ&l Of oSS or

170 to & f edthin aprogramoabiegats am:?@YarﬁP%halmdnogaarMaellsm ofce or
user. logicFhate®, Lomprasihgvendariiepsepeesentation of the call 35

By those ki |1 bl | n SHHECRGRIAS St irer SRR LR BE fodft gpeeici T 10"
task step (HheoBRApONE Hiystnewbplurdlity ©f logiq gaties remstimtdmanuni cat or
170 (bl ock 129k Qé(té’s dagditCakrednot cutititdly Bedmg hidd SkePart foanthal i d
nessag%ﬁls re g g C1éJL1t in the sequence of circuits;

b) establishing whether any of the existing circuits in
the sequence of circuits are decompilable circuits, each
decompilable circuit including a distinct subplurality of logic
gates in the PGA that are available for use in another circuit

15 in the sequence of circuits;

c) establishing a second subplurallty of loglc gates in
the PGA, the second subplurality of logic gates constituting
logic gates that are taken from the collection of logic gates
defined as the set union of the first subplurality of logic

20 gates and the distinct subpluralities of unused logic gates in
the existing circuits established as decompilable circuits in
the PGA;

4a) determining a third subplurality of logic gates <in the
PGA that is a subset of the second subplurality of gates, the

25 third subplurality being connectable to generate the one
circuit; and

e) connecting the gates in the third subplurality of
logic gates in the PGA to compile the one circuit.

.30 2. The method of claim 1, wherein step b) includes determining
whether any subset of the existing circuits can be decompiled
and then recompiled to reconstitute the subset of existing
circuits, thereby rendering logic gates in the PGA that are
available for use in another circuit in the sequence of

35 circuits.

3. The method of claim 1, wherein the existing circuits receive
corresponding sets of input signals and generate corresponding
sets of output signals, each of the input signals and the output

~15~-
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returns to the Power Start-up task step (bl ock 500). On the ot her hand,

if a valid nessage is received, the task proceeds to sel ect a Pagi ng
Channel task | ock 504). If not valid nmessage is r | e task
returns to t@%‘ﬁ Start-up task 5 step (block 500). If ?egl strl{z?on“is-
i ndi cated, the task proceeds to _an, Autononous Regi stration task step
(bl ock 5Gdpnals RFING @ VALLR afedcPrBaBLER HMueAf 3.@%&%# thea valid
nmessage icutpl€esidthlisn geherdogi ty Chenotl tieledistdngt askowitep beingbl ock
504), the t RS LhO dfle@el Bekes! &R dRIRCE1 P08 s 1 urtner! N the

I dl e tas%nstqgléu?b C q55%) ?R%]heré: gre sgveral n%Coétionss. Ifurf) eﬁo valid
nessage icPMPEaEIRBFheBLEP @Etan ti mer times out after 300 seconds, or
3) a mescan nEssagmvingr eheiwalhe of athteastslonecofir bbet tnpdte addwer St art - up
task ste ki g abf ene aSARIRY Tihdnand dibleAbaELy il proceeds
to the Aﬁ%bg%%ngg . g egfs?r t?%ﬁ'task sé%gnéblpé%@%OS)y %§52¥¥§% P

i ni tiate Signal ARG fhegsayed Yajue 5ok FAHRFUBE gi nati on task step
(bl ock

4. A method for compiling one circuit in a sequence of circuits
10 within a programmable gate array (PGA) including a plurality of
logic gates, comprising the steps of:

a) establishing whether any of the existing circuits in
the sequence of circuits are decompilable circuits, each
decompilable circuit including a distinct subplurality of logic
gates in the PGA that are available for use in another circuit
in the sequence of circuits, the decompilable circuits each
receiving at least one corresponding input signal and producing
at least one corresponding output signal in response to the at
least one corresponding input signal, each of the input signals
20 and the output signals having a value at a definite time; and

" b) saving the value of at least one of the input or
output signals at the definite time.

[™)
[$)]

S. The method of claim 4, further including the steps of:
25 c) decompiling at least one of the decompilable circuits;
and

d) applying a signal whose value was saved in step b) to
a circuit in the sequence of circuits.

30

6. An apparatus for compiling one circuit in a sequence of
circuits within a programmable gate array (PGA) including a
plurality of logic gates, the apparatus comprising:

a first electronic circuit to establish a first subplurality

35 of logic gates in the PGA, the first subplurality of logic gates

constituting logic gates that are not currently being used as
part of an existing circuit in the sequence of circuits;

a second electronic circuit to establish whether any of the
existing circuits in the sequence of circuits are decompilable

~-16-
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510), which will also be described subsequently. If an order nmessage i s
recei ved, the task noves to an Order Response task step (bl ock 512),
which will al so be described subsequently. If 20 a page nessage is

recei ved and 9@%! tch occurs, the task noves to a Pagj nse
task step (bl ?;S‘E '%B which wi || al so be descri bed subsggﬁ'gﬁ?ﬁéggl f an
expect ant event occurs, the task stays at the Idle task step (bl ock

5086) . circuitfe 2Rk ARAOMELIRARIR (GIRGE, tackuding, 3 BEEKR®DS) i nvol ves
25 an accagplurabbe) of Angikf gatealin itnet PGAethat iawd axhéliabldefor task

proceeds tgIhg QubohOA!d QRIS knStiED ddhidhkeDdP) circuteflher W se,

regardl ess 0 her a v .message 1s received the task noves to a
Servi ng Syst errPD'etPeﬁdmePr&FFb'ﬂmt%s%ré‘?‘éﬁ to e??ﬁ%@f%%f?cm ch will be
descri bed subisierpagmntyyof Abgic gatéstir thesPGAs the tdmcoDdi ghbptuxslitysk step
(bl'ock 510)¢ Sﬁglc gatés V@it iTEE$AGCL b YarkaCEhY e thrd RAKbASKraP R L O the
Ser vi ng em Det er m nati on tgsgai%fp (2§0Ck 516).. On_the of.her hand,
if a vali dcﬂ%gea‘éd@ni of [ IR g@repnee M5y &8%: B%4 ePEBFITSE ¢ a5k
st ep (bl ockuldiBiralihy cbf viddicalgsbebeantk sthel dddtigset ssihpdynahities of

From the Cﬁﬁtgedqﬁ%ggasﬁaéé’é KrSt8R elifCin bdrcuibs ddtdblisheaPaPceeds to
the Servi naﬁ ystem Determ nati Qn tgsk ep (block 516), regardl ess of
whet het® a FeFORPitabls By its: dny Efe @%’m t he Pagi ng Response task

step (bl ock 514)fouftmelegkirdniessiit to determine a third
subplurality of logic gates in the PGA that is a subset of the
second subplurality of gates, the third subplurality being
connectable to generate the one circuit; and
15 a fifth electronic circuit to connect the gates in the
third subplurality of logic gates in the PGA to compile the one
circuit.

7. The apparatus of claim 6, wherein the second electronic

20 circuit includes electronic circuitry to determine whether any
subset of the existing circuits can be decompiled and then
recompiled to reconstitute the subset of existing circuits,
thereby rendering logic gates in the PGA that are available for
use in another circuit in the sequence of circuits.

25
8. The apparatus of claim 6, wherein the existing circuits
receive corresponding sets of input signals and generate
corresponding sets of output signals, each of the input signals
and the output signals having a value at a definite time, at

30 least one of the output signals generated by one of the existing
circuits being an input signal to one of the other existing
circuits, the apparatus further comprising:

a memory circuit to save the value of at least one of the

input and output signals at the definite time, and

35 a fifth electronic circuit to subsequently apply a signal
having the saved value to the one circuit.
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received, the task noves to the Serving System Determ nation task step
(bl ock 516). Fbwever if a valid nessage is received, the task noves to
a Wiiting for task step (bl ock 520). There are_four ?033|ble
states-to redth ‘&!ﬁ%the 5 Conversation task step (bl ock 5T8JUSY%11628¢ 5qe
tinmer tinmes out after 5 seconds, the task then noves to a Transmtter
Deact i vat3.on Amgiopsrapus bf@'@:kcq}'m-)’l.inﬂf oge rirsads dndersemencer ofei ved or

t he conve{ﬁé.ﬂuilee wetiel @ @&bgﬁa:huammorgmai agréﬁe({dﬂi? 1nc!tiﬂai( lat hE 524)
conmmuni cat.or S st e 0C ,
Comun, i ira ity S IR GIBUES Ui BriBRRRE JARIiH nat ! OP

r|be anZal ert or a
mai nt enance o@cﬁﬂrﬁtseié€E¥QQ%F qyﬂ?“ﬂ&sRO estahldebeuwbetien anyi Ofnghe or

Ansvers t agld stiieg ¢htaieHan) chefl sédpsrce of tirowity e ﬁécéﬁﬁiﬁblreeCEI ved,
the task (SI45R3, { Qadl'BecomptRANEL S AN ! 31K R4Sy (/6K 1R4P)
subplurality of logic gates in the PGA that are available for
use in another circuit in the sequence of circuits, the
decompilable circuits each receiving at least one corresponding
10 input signal and producing at least one corresponding output
signal in response to the at least one corresponding input
signal, each of the input signals and the output signals having
a value at a definite time; and
~a second electronic circuit to save the value of at least
15 _ one of the input or output signals at the definite time.

10. The apparatus of claim 9, further including:
a third electronic circuit to decompile at least one of the
decompilable circuits; and
20 a fourth electronic circuit to retrieve the value of a
signal whose value was saved by the second electronic circuit
and apply the value to a circuit in the sequence of circuits.

12. An apparatus for compiling one circuit in a sequence of
25 circuits within a programmable gate array (PGA) including a
plurality of logic gates, the apparatus comprising:
first means for establishing a first subplurality of logic
gates in the PGA, the first subplurality of logic gates
constituting logic gates that are not currently being used as
30 part of an existing circuit in the sequence of circuits;
second means for establishing whether any of the existing
circuits in the sequence of circuits are decompilable circuits,
each decompilable circuit including a distinct subplurality of
logic gates in the PGA that are available for use in another
35 circuit in the sequence of circuits;
third means for establishing a second subplurality of logic
gates in the PGA, the second subplurality of logic gates
constituting logic gates that are taken from the collection of
logic gates defined as the set union of the first subplurality

-18-
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15 . Fromthe Waiting for Answer task step (block 526), the task
returns to the Conversation task step (block 518) if a conversation
enabl e signal is received by depressing the SEND key of the

communi cat or a stop alert order is received, t he pbftkoAiscEUS
to the Waiti né’;(?g’rl szer task step (block 20 520). If a rel ease o’r é?ﬁi s
received, the task noves to the .  Release task step %block 524). Finally,
i f either AhdOFiccTRIRF and £hAIISHICY: SHRPHITA It 485 0fsuBREAh L OFiEr t ti ner
ti me-out gatescturshe teheistdaly gheouite elscabl bsised tascdebompilabkiie on t ask

step (DR £8283 - tde pea; Fromthe Waiting for Order task step (bl ock

520), the task noves to the vaiting%for Answer t ask slgpc&block 526) if
an al ert of oWt PEARRA CECH I IRETMLNIRE & A T SRR Ly rality, ofoflegie
order is rgzteisvéd, thécPGrasihapr bscedsubisett b€ Fed csemenfaskbplepality Eifl ock

524). Fi nag{a{ees,i tnthen i sREpIdral &y HeilB chhfi®etil1 Ok odgafe FAN @heat i on
Is term nated bé depressj ng the ENDkey of the comunicator 170, the

task goes T tH&EHahsMY ter Deactivation task step (block 522).
From't he Rel eatiftiasieagsefof hitarglecsinyg, thécgatesk inptvbs third the

Transm t t egqudAAchh Yoy | O fcdtle gaees (1 e PER) ro AWhdiN@MthBCoe Transmitter
Deacti vati on ta§t step (block 522), the task proceeds to the Serving

syst entDet & fi%tati on task step (bl ock 516). Fromthe Serving System
Det erm nation task step (bl ock 516), the task goes to the

Initializaii onTheSdppalr@RusbbpCkHZ@PN1, wherein the second means includes
electronic circuitry to determine whether any subset of the
existing circuits can be decompiled and then recompiled to

15 reconstitute the subset of existing circuits, thereby rendering
logic gates in the PGA that are available for use in another
circuit in the sequence of circuits.

13. The apparatus of claim 11, wherein the existing circuits
20 receive corresponding sets of input signals and generate
corresponding sets of output signals, each of the input signals
and the output signals having a value at a definite time, at
least one of the output signals generated by one of the existing
circuits being an input signal to one of the other existing
25 circuits, the apparatus further comprising:
memory means for saving the value of at least one of the
input and output signals at the definite time, and
sixth electronic means for subsequently applying a signal
having the saved value to the one circuit.
30 |
14. An apparatus for compiling one circuit in a sequence of
circuits within a programmable gate array (PGA) including a
plurality of logic gates, the apparatus comprising:
first means for establishing whether any of the existing
35 circuits in the sequence of circuits are decompilable circuits,
each decompilable circuit including a distinct subplurality of
logic gates in the PGA that are available for use in another
circuit in the sequence of circuits, the decompilable circuits
each receiving at least one corresponding input signal and

-19-~
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If the serving systemstate is not set to NAM On the ot her
WD 97/ 48062 PCT/ US97/ 11628 hand,
the task goes to the Pagi ng Channel Selection task step (bl ock 504) if

t he serving tate is set to NAM Figure 10 i

di agr am repr@s{’}h’g@f on of the processi ng operations of '%'Z'ﬁ% WI ated
call in accordance 5 with the present invention, and Figure 11 is a timng
di agram prodnejpn@sahti®asgnoné ¢¢EIQﬂpmmd@59ngutgnnzﬂiEOﬁ% bf xegponsgbl e-
initiatedCahk A0 féé?&r%aceom-ééb&x{m gﬂ éi@t@ltlgach'r@@&ﬁle skill ed
in the cormunlcatl a % r}t rstan ﬁh@tn eV u tlmng di agrams
respect i VEIRREgPAFHT ﬁ‘&# 88(: %%u ﬁegg‘@qﬁen% Y9 ¢ Vatue Bhshitted signal s
needed t dlefindbestimge@dne calls initiated froma | and base and from a
port al e usergecond elecfgoki®Weand Ebgussvikiy the VABusasE a3f la@ast one

Land- Tl L12Led Shble or outBRe"¥EbElld U tnloG8e fldeSledRgl MO channels to

15. The apparatus of claim 14, further including:
third electronic means for decompiling at least one of the
10 decompilable circuits; and
fourth electronic means for retrieving the value of a signal
whose value was saved by the second electronic circuit and apply
the value to a circuit in the sequence of circuits.
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(duration 26 nms) fromthe bases to the portable units, with an 15

i.-ndi cation to reply on a channel zero. Next, using the appropriate area
signaling channel, the portable replies to the base, sending a ready
status indicatyopeh@l | oW ng this, again  using the area peggddiiégs -
channel ; the appropriate base sends a signal to the portable, wth a
request to swtch to voice 20 channel 12. Then, on voice channel 12, the
portable replies to t he base, indicatiﬂ24the execution of the command.
Usi ng the . voi ce channel, the base then'Sends a ring signal to the
portabl e and, in response, the portable send an off-hook signal to the
base, using the voice channel. 25 In Figure 11, the case of a
portable-initiated call is described. |Using a portable to base
signaling channel, the portable firdt |sends its address and a request
channel assignment order. Next, using|the assigned channel, the base
signals to the portable, giving it its ghgnnel assignnent. The 30 portable
then signals the base on the assifgmed—gHanndr, acknow edgi ng t he
channel assignment and requesti ng a,gi l| tlone. @ In response to the
request, the base sends the dial |[to sijgrfall &2 {o the portable, using the
assi gned channel . Figure 128 s|d dcHem® i ¢ representation of the
functional 35 structure of an entodEheht f tk%;p esent invention. The
conmruni cati ons device 200 includdgs an {ntgrflace card 202 and an anal og
pigtail 204. The interface card 282—eah |bg a—ReM A type
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Il card, for exanple. The interface card 202 includes a PCMCl A
connector 206 for connection to a host system 208. The interface
-10- WO 97/ 48062

PCT/ USQ?lllGZE{vo’msG@Ird 202 al'so includes a protocol engine %1:9/0 e -
dynani cal | y pfogrammabl e i nternedi ate nodul ati on stage 21 ang a nenory
portion 214. The protocol engine 210 and the internedi ate nodul ati on

stage 212 are connected to the PCMCI A conneggj or 206. 5 The nenory portion
214, which can include a hard drive, staticC RAM and fl ash RAM

comuni cates with both the protocol engine 210 and the internediate
nodul ati on stage 212. The interface card 202 is connected to the
anal og pigtail 204, whi ch provides various ot her neans for
comunicating with a 10 user, such as a? adntenna, a nodul ator, denodul ator
or nodem a
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m crophone, a speaker, and such ot her conponents as can serve to

communi cate information with others. The personal conmunicati ons devi ce
200 preferably operates at a UHF frequency (or higher), such as 800-900
Mz, and can sgiv&.gn,d concurrent paging 15 receiver, a faxpdpidihieas
operating at base {)and or ot her communi cati ons devices known to be in
the prior art by those skilled in those arts. Figure 13 is a
schematic representation of the function ofpg software in the present
invention, describing the advantages 20 provided by software operating in
a conputer connected to an accessi bl e networ k. Figure 14 is a
bl ock di agram representati on of the software architecture of the
present invention. At the highest levels, = the software of the present
invention fosters conmuni ca}.t<i oh{w th 25 externals communications sgyvices.
These levels of software qmu& cate with software intended fo®

communi cation within the = @ersofal comunicatgr, including host/level
driver, serial 1/0 opertator g, cal area networks, and so forth. At a
| ower | evel, the software off the personal co ni cat or operat ds
background 30 applicgtiong;—ToTtTOIS)the f[Te System perfol;'ﬁﬁrw_o :
management, and contr®ls the 1/0O trangport ptack. The |i nternfal sof twar e
al so acts as an enbedd®&d digital signpl nanpger, cdontrol|s such
functions as tel ephone &tag¢king, call| managgnment, call cpntraE, and so
£
forth. 8 3 °§ 8 §
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35 . At astill lower level, the software of the personal

comuni cator drives the reconfigurable operating systemwhich is used

to control the reconfigurable circuitry of the personal comuni cat or

\é\p 97/ 48062 w?9 148062 _ PCT/ US97/ 1peRfbsomnies .
igure 15 is a tabular representation of the dynamc configuration nodes

of the present invention, and Figure 16 is a schematic representation of

t he dynami c configuration nodes of t he Rresent i nvention. As shown in
Figure 16, the operation of 5 the dynamc @ﬁhfiguration nodes activates a

task stored in a configuration nmenory 220 and | oads that task into a

portion of the reconfigurable circuit 222. As conditions dictate, the

t ask may be relocated within the reconfigurable circuit 222 or

adj usted to acconmopdat e changi ng conditions. 10 Figure 17 is a

schematic representation of the run-tinme
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reconfigurable architecture of the present invention. Software froma
portion of a read-only nmenory 250 is used to boot up the syst em when
the systemis activated. The systemis booted up by being | oaded into a
configurabl e fybheseEki ng storage 252, which 15 can be a po‘i’birﬂfbﬂﬁsishe
vari ous nenory devices included in the per sonal conmuni cator. group
of system applications are al so stored in a system nenory 254, which
responds to signals issued by a downl oad control circuit 256. The

downl oad cont-rol circuit 256 is connecéll to the interface 52. The
interface 52 20 communicates with the configurable circuit 92. As shown
schematically, the configurable circuit 92 is loaded with a nunber of
prograns having various desired capabilities. Under control of
signals fromthe downl oad control 256, a desired capability not already
present in the configurable 25 circuit 9@ is | oadedgfromthe sysiem nenory
254 to the working S5 ra? 252 and, fromthere, Mo the confi §rable
circuit 92. If a ca iITty which is{present in\the configurable
circuit 92 is no |OE§ r ﬁbeded, t he koftmare pré%iding the capability
IS elimnated fromthel configurable €ircuit 92 apd the softwgre 30
provi ding the re®aini hg capabilijtiles may be rfoved around dn tfhe
configurable cirecuit P2 before rew software flor|providing la new desired
capability is | oaded pnto the cdnfli gurabl e cifrcpit 92. Egure 18
is a schematic repnhesgentatgpn of] 3 sydi%%rical y stchtuGﬁ fo[ use
i-n the present inve on, gnd Filgure I'9< <
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35 is.a schematic representation of a busing network symetri cal

structure for use in the present invention. Figure 20 is a
schematic diagramof a cell structure for use in the present invention
and nore partigygbaidess fOr use in the symetrical array sty shown
in Figures 18vgnd 19 As will 1??8
WO 97/ 48062 PCT/ US97/ 11628 be
understood by those skilled in the arts, tgggcell structure i ncl udes
processi ng el.enents, logic gages and timng circuitry to acconplish the
desired results. Figur@ Z19 s a flow chart diagramof the
stand-al one design 5 environ ngz“'&f a field progranmabl e gate array for
use in the present inventigf.&T¥e flow chart di agram shows design entry,
| ogi ¢ reduction and opfim zati0n, pre-layout tinm ng and function
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verification, and then schematic regeneration resulting in bit stream
generations which conprise the desired software. 10 Figure 22 is a
fl ow chart diagram of the design environnment of a field programmuable
gate array fo in the present invention, as wll be prRggs by
t hose skill ed{’vl%ugslﬁ e‘garts. Figure 23 is a schematic di agrgzlrr;lnﬂsg?i an
anal og front” end for use in the present invention. The front end 300
i ncludes an 15 antenna 302 and a di pl exer 304. Signals received by the
ant enna 302 and passed through the dipl/d4er 304 pass through the band
pass filter 306 and an a 1 fi 308 to a_mxer 310. The m xer 310

m xes the RF signals progluced by fhe anpl fier§08 wth a | ocal

oscill ator signal producéd bEthe synt hes zer§ 2,|driven 20 by a crystal
314. The signal output by thqm xpr 310 thenPagses t hrough a bandpass
filter 318 to a user, whiich #y bp an analog.®8 B user or a digital user.
Si gnal s produced by a m ¢rophone B20 is receﬁleﬁ by anot her m xer 322

which is also provided a | by thé—synthesdizer 25 312. The out put
of the m xer 322 passes through a bandpass filter 322 is received by
anot her m xer 322 which_is _also provi ded an RF signal by the
synt hesi zer 312. The oyt put of the m xer 3R2 passes through a bandpass
filter 324 to an anpliflier 326. The outputjof the anplifier 326 is
input to the diplexer 30 302 whigh sgrves to transfer the signals to the
antenna 302 for transm’@al as-gan el ectronpgneti c wave.
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Figure 24 is a schematic diagramof the digital hardware for use in a
preferred enbodi nent of the present invention. The appar at us 350

i ncludes the interface 52 and first and second 35 configurable circuits 352
and 354. The f 8599 4sf 1 gurabl e circuit 352 is connected gerniddsnis2s

I nterface 52 an ﬁe second configurable circuit 354. The interface 52
Is al so connected to the second interface 354. The apparatus 350 al so

i ncl udes a third configurable circuit 356, a fourth configurable
circuit ] 81243 WD 97/ 48062
PCT/ US97/ 11628 358, a mcrocontroller 360, a RAM 362 and a flash RAM
364. The first and second configurable C|rcq2t 352 are connected to the
third configurable circuit 356, X, = 362 and
the flash RAM 364. The fouE{h\gg <
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5 is.connected to the third configurable circuit 356 and the
m crocontrol l er 360. Under control of the m crocontroller 360 the first,
second third and fourth configurable circuits 352, 354, 356, and 358 are
configured to wow94sdss Sh t he desired function of the appargdaSsodoidad
accordance with the principles 10 discussed in the foregoing, as wll be
under st ood by those skilled in the relevant el ectronics, conputer and
software arts. sired capabilitie can be stored in the RAM 362
e estelion

and the il a8 as discussed ab oin
is a detaile§ dailf fmfmgjdst hlaslgs;sareferred enb(;llarr!alnlpc!?ot gsgnﬁg ilon,g

there are nmagy Reg,s.mal,t,.mmtlve enmbodi nrents of the invention that woul d

occur to Dt [Bgieenskdf Bdped bvemit he art and whi ch qr Bc mivi-Bkddptriie scope of the

pr esent |nveﬁt|PO§1M°sR6‘tord| n the present inventton 1§ 1o DT
8‘6'?/ "ai s i

deternmined by tJjE mﬁfﬁﬂﬁb

G Call Initiate Ini(ia“za'ion Task
H Rescan Message Received (Dedicated CH Scan)
1 No Order and Action A | B
J  Alent Order Received R
K  Maintenance Order Received > —P
L Release Order Received . )
M Stop Alert Order Received Paging CH Selection Task
N  Conversation Enable (Paging CH Scan)

{SEND KEY depressed) A 1 Cc | B
O Conversation Terminated L

(END KEY depressed) —
P (Rescan Timer)

(300 sec) TIMEQUT 1dle Task
Q (Fade Timer) (5 sec) Timeout ;
R (Alert timer} {65 sec) Timeout DJEF)G|CJHouPoB
S (Order Timer) (5 sec) Timeout L >
T  Serving System Stz = NAM e ——
U  Serving System State » NAM . Autonomous Registration Task

e {Access CH Scan)
G 1 A | B
Paging Response Task Order Response Task Origination Task
{Access CH Scan) (Access CH Scan) {Access CH Scan)
A_| B A__| B A | B
I v v
v —P

Conversation Task
I JJooK| L | O

PEE—

Waiting for Answer Task
N _ | M | L | QorR
e — 1
< —pit
Waiting or Order Task l Release Task J
JorK | L | O or § f Pl
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*
Serving System
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WD 97/.48062 PCT/ US97/ 11628
d ai ns 1. A nethod for conpiling one circuit in a sequence of
circuits 5 within a programmable gate array (PGA) including a plurality of

| ogi ¢ gates, L Skg the steps of: a) est abl i shi | L
subplurality g‘?gpg)gﬂgpgat es in the PGA, the first subpl url;glq.([%?/;dolffﬂt ogi c

gates constituting | ogic gates that are not currently being used as
part of an 10 existing circuit in the sequence of circuits; b)

est abl i shing whether any of the existing cli2dits in t he sequence of
circuits are deconpilable circuits, each deconpil able circuit including
a distinct subplurality of logic gateg in the PGA that are availaby@
for 'use in another circuit 15 in the sequgnce of cifcuits;
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c) establishing a second subpluraiity of logic gates in the PGA, the
second subplurality of logic gates constituting | ogi c gates that are
taken fromthe collection of |ogic gates defined as the set union of
the first subpyjydlssdey Of | 0gic 20 gates and the distinct subglpgsshhicees of
unused logic gates In the existing circuits established as deconpil abl e
circuits in ° t he PGA, d) determning a third subplurality of

|l ogic gates in the PGA that is a subsﬁ%@{ t he second subplurality of
gates, the 25.third subplurality being co able to generate the one
circuit; and e) connecti®g the gates in the third subplurality of
|l ogic gates in the PGA to orrpileﬁ‘ue one circuit. 30 2. The nethod of
claim1l1, wherein step b) i@cludes determni whet her any subset of the

existing circuits can be é\'e\g;(rrpi | ed reconpiled to reconstitute

t he subset of existing ircuits ring logic gates in the
PGA that are avail able f use/i her circNit in the sequence of 35

circuits. 3. The nethod of claimgwhereln he existing cNcuits
receive I u
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correspondi ng sets of input signals and generate correspondi ng sets of
out put signals, each of the input signals and the out put
-15- WD 97/ 48062

PCT/ US97/ 11628 pgnal s having a value at a definite tinme, p@tudPAnhs ONe
of the - out p“{o 7('8“% S generated by one of the existing ci rcw ts bgﬁfz?\g
an i nput signal to one of the other existing circuits, further

conprising the step of: 5 saV|nq hgf val ue of at |east one of
the i nput and out put S|gnals at the defiPff%e tine and subsequent |y
applying a si gnal having the saved value to the one circuit. 4. A

nmet hod for conpiling one circuit in a sequence of circuits
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10 wi.thin a programmabl e gate array (PG&A)
conprising the steps of:

l.ogi c gates,
of the existing circuits in
circuits,
of
I n the sequence of circuits,
at
correspondi ng. out put signal
correspondi ng i nput signal,

signals having a value at a dfinite tinme; and

val ue of at |east one of the

tine. 5. The met hod of
c) deconpi ling at |east on
d) appl ying a signal whose
t he sequence of circuits.

circuit in a sequence of
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circuiits within a programuable gate array (PG) including a plurality

of logic gates, the apparatus conpri sing: a first electronic
circuit to establish a first subplurality 35 of logic gates in the PGA, the
first subplur a%,bgy,%zl ogi ¢ gates constituting |ogic gatgwenidddiead € .
not currently being used as part of an existing circuit in the
sequence of circuits; a second electronic circuit to establish
whet her any of the existing circuits ig t he sequence of circuits are
deconpi |l abl e . 15/24 - 16- WO
97/ 48062 PCT/ US97/ 11628 circuits,
each deconpilable circuit, including a,dist,inct subplurality of |ogic
gates in the PGA that arel avall able fdr use| i n Anot er gircgit in the
sequence of circuits; athird %ectgonri c cjecule tqd estlablish a
second z |2 £ I8
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5 subplurality of logic gates in the PGA, the second subplurality of

| ogi c gates constituting logic gates that are taken fromthe col l ection
of logic gates defined as the set union of the first subplurality of
| ogi ¢ gates anggloifigdge Stinct subpluralities of unused | ogpcErngdy S8 N -
the existing circuits established as 10 deconpilable circuits in the PGA;
a fourth electronic circuit to deternine a third subplurality of |ogic
gates in the PGA that is a subset of the 16/8econd subplurality of gates,
the third subplurality being connectabl e to generate the one circuit;
and 15 a fifth electronic circuit to connect the gates in the
third subplurality of logic gates in the PGA to conpile the one
circuit. 7. The apparagus of claim®6, wherein the second el ectronic
20 circuit includes electromgc circuitry to determ ne whet her any
subset of the existing circuits\can be deconpiled and then reconpi | ed
to reconstitute the subset of exNgt™ DOODO0GDher eby renderi ng
|l ogic gates in the PGAthﬁ are [ | 'e ih another circuit in
the sequence of circuits. 25 clghi m 6, wherein the
existing circuits recgve corfges f inght signals and
gener at e S < 0
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correspondi ng sets of output signals, each of the input signals and the
out put signals having a value at a definite tine, at 30 | east one of the

out put signals generated by one of the existing circuits being an input
signal to one W‘OJ_,;)‘gmgt her existing circuits, the appar atﬂfﬂéé&%ﬂ%
conpri si hg: a menory circuit to save the value of at Teast one of
t he | nput” and out put signals at the definite tinme, and 35 a fifth
el ectronic circuit to subsequently apply a ,;;'bgnal havi ng the saved

: . 17
value to the one circuit. -17-
WD 97/ 48062 PCT/ US97/ 11628
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9. An .apparatus for conpiling one circuit

wi-thin a programmabl e gate array (PGA)
t he apparatus conpri sing:

gat es,
est abl i sh whet
circuits are dec
a di stinct

for use

si gnal

and

Qﬁ%npliéble

subplurality of
i n anot her
deconpil able circuits each receiving at
and produci ng at
response to the at
i nput signals and the output signals having

of t

cir

he 5

circuits,

cuit

I n a sequence of

I ncl udi ng a

pl ur

circuits
ality of logic

a first electronic circuit to

| east one correspondi ng i nput

si gnal ,
a value at a definite tine;
a second electronic circuit to save the val ue of at

one of the input or output signals at the definite tine.

apparatus of claim9,

to deconpile at

furt

her

I ncl udi ng:
| easi one of-tha l- -cha(m

existing circuits in the sequgafBsdhies
each deconpil able circuit

| ogic gates in the PGA that are avail abl e
in the sequepgyg4of circuits,

I ncludi'ng

t he

| east one correspondi ng 10 i nput
| east one correspondi ng out put

signal in
each of the

| east 15
10. The

athird electronic circuit

wid ei)le l-:wwl-t& wKileld »n »
fourth el ectronic S o E%e
was saved by the sg ﬂggﬂg
circuit in the seq_
. ilaawe DDDDI:ID s
CD .UDDDUUDD (iaialu sla/ols
i =[] DODODDoo
[w]ww/w/nixm
— .I:IUI:IB iaaiains aaha
»HEEe0000 EEBEEBEE
B AT
.uunnngnu 0 Enn
D | o,
[ ] ', aan [ ]
DoOoo0 alaia RO0 | fOo0
SRR R e
» J0000G001 BEacecon | o wa] ainulnisln Oooooong
- . o wlalq] nnnnnt ooooooon ®
& ,0ooboHes! BesaRARn 58| BB5EEE00 | BRBARREA | BRAREEEs bRconoed |
nnunan 00000000 | CO0DODD0) 00 DoooOOno [T
&= = 00B0ONan | GER00G OO00O0000 | Do0oooon 00000000 @
= ~Oooooons) aooo 0|69 B8 BEEoaR0n 0ODonoon
« 00000000 O o] O0on | DopDanan 00000000 ¢ oo
/s onnnmxxlg . gocanoon ® =
;», .,EPE B opoooooo ® O
= 52000000 08000000 | =
DODDOO | CODDODDO DoQDoooD Ooooooee
= nnugggun o falunwiu]a|a ] faln/=x[u]u]u's] an o0 DOGH0D
£0000000 | DooO0o0O0 | Dooonoog oo SBe85000
< » 550056001 BAEC0600 | Sooo0000! B %nmnm GOOO0000 5
= SoEead orhe LR
3 _HEaeaees! Bonnnond | conassed He=EEEEa --*- BRR | BemeacEs *
.Q “coooooo DD000D ODOOOoDDI O 000 | DODODOoG
- gaonoona EEEDED ODOo0on0 w
= 81 88085600 | BA000006| Aoon0000
(D) uunggﬁgu BEBOEE0H | BEnAgaaE
EE e iarslermralat] NEERANEE | BeRRANRH | BRRARE0R ®
& .ununn Ic 88858800 (ola e n ininin] fa|ainia]
) o
0oBEaonn
v~ ®BEEEEe0
/) 00000000
oonooenn Ha0d Ta nnunm
'gnnnééég nuuunngg Egggnnnu Copoooon Enuuuuun'
00006000 DGBO00500 | CODO0Dod | D0000000 | 0oa0asa0

SUBSTITUTE SHEET (RULE 26)



11. An apparatus for conpiling one circuit in a sequence of 25 circuits
within a programmabl e gate array (PGA) including a plurality of logic
gates, the apparatus conpri sing: first neans for establishing a
first subpl uralyd yyeefez! 00i C gates in the PGA the first spdpusyialdgy Of
| ogi ¢ gates constltutlng | ogic gates that are not currently being used
as 30 part of an existing circuit in the sequence of circuits;

second neans for establishing whether any gbsighe existing circuits in
t he sequence of circuits are deconpilable circuits, each deconpi | abl e
circuit including a distinct subplurality of | ogic gates in the PGA
that are available for use in another 35 circuit in the sequence of
circuits; third neans for establishing a second subplurality of

| ogi c gates in the PGA the second subplurality of |ogic gates
constituting logic gates that are taken fromthe collection of | ogi c

gates defined as the set union of the first subplurality
-18-
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| ogi ¢ gates and the distinct subpluralities of unused | ogic gates in the
existing circuits established as deconpil abl e circuits in the PGA;
fourth neans fQiqda@s M Ning a third subplurality of Iogic 5 pcdads8$niess t he
PGA that is a subset of the second subplurality of gates, the third
subplural ity "being connectable to generate the one circuit, and
fifth nmeans for connecting the gates in thg@pird ~subplurality of logic
gates in the PGA to conpile the one 10 cir 12. The apparatus of
claim11l, wherein the second neans includes el ectronic circuitry to
det erm ne whet her any subset of the exi SN ng;m reui ts can be deconpil ed
and then reconpiled to 15 reconstitute t sgos £ exi st | ng circuits,
t her eby rendering |l ogic gates in the aﬂa avai l able for use in
anot her circuit in the sequence of C|irc$s®$
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13. The apparatus of claim 11, wherein the existing circuits 20 receive
correéspondi ng sets of input signals and generate correspondi ng sets of

out put signals, each of the input signals and the output signals having
a value at a definite tinme, at | east one of the output PcgnshsBLI6S

gener ated by WRETEOL he exi st ng circuits being an input signal to one
of the other existing 25 circuits, the apparatus further conprising:

menory neans for saving the value of at |e3gy one of the i nput and
out put signals at the definite time, and si xth el ectronic neans
for subsequently applying a signal havi ng the saved value to the one
circuit. 30 14. An apparatus for conpiling one circuit in a sequence of
circuits within a programmabl e gate array (PG) including a plurality
of logic gates, the apparatus conprising: first neapns for
est abl i shing whether any of the existing 35 cirlcuits in|the s¢quence of
circuits are deconpilable circuits, each dgconpi |l able cirguit including
a distinct subplurality of | ogic gafes i PGA tlhat ar¢ avail abl e
for use in another circuit in the spquenge off circuilts, the
deconpil able circuits each receiving at feast} one correspqndi ng i nput
signal and
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-19- | WD 97/ 48062

PCT/ US97/ 11628 produci ng at | east one correspondi ng output signal in
response to-the at | east one correspondi ng i nput signal, each of the

i nput signals out put signals having a value at a definite tinme;
and 5 ) sec%yﬁag%troni c neans for saving the val ue of at FrEERIER -
of the input or output signals at the definite tine. 15. The
apparatus of claim 14, her i ncl udi ng: third el ectroni c neans
for deconpili RgyAj shé€ e of e 10 decoffPfable circuits; and

fourth el ectronic nmean retirg evi ng the val ue of a signal whose
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I n the sequence of circuits.

the value to a circuit
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