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Description METHOD AND APPARATUS FOR COMMUNI CATI %F%@ESW& ON
5 Techni cal Y9 &7/3?202 The present invention relates to netho an 94

apparatus for comuni cati ng i nf opeslcrd@mptiangd nore particularly, to

met hod and apparatus for adapting ta changi ng comruni cati ons servi ces.
10 Background of the Invention . Personal conmunications is on the
brink of an unpr sETton 6D APFARRITSS (POR{ COMMUNACANING INFORMATIION e
advent of advanced personal comruni cations services, such as cellular
t el ephone and | ow earth orbit (LEO satellite services, this expansion

of 155cap££$ﬁﬁiég§ pigupgbenefits nobile users. Not only does the

expansion of gapabl L1118 e Loy CbEFatUMY GATHAYY MY dPparatus for
communicating information, and more particularly, to method and
apparatus for adapting to changing communications services.

10 Background of the Invention
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

2s 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 conseguence, 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built-in capabilities are rendered out-of-date by newer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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Summa of the Invention

In accordance with a first aspect, the invention is an

15 aﬁparatus for using electromagnetic radiation to communicate
with a user. The communication is in accordance with any one or
more of a plurality of predetermined communications protocols,
and in accordance with any one or more of a plurality of
predetermined communications services. |

20 The apparatus includes a protocol circuit, a service
circuit, and a radio frequency circuit. The protocol circuit
establishes the one or more predetermined communications
protocols. It also generates a protocol signal representative of

_ ‘the one or moré predetermined communications protocols

25 established. The service circuit establishes the one or more
predetermined communications services and generates a service
signal representative of the one or more predetermined
communications services established. The radio frequency circuit
receives the protocol signal and the service signal and respond

30 to the protocol signal and the service signal. The radio
frequency circuit configures itself to respond to radio
frequency signals in compliance with the one or more
predetermined communications protocols and the one or more
predetermined communications services.

35 In accordance with another aspect, the invention is a method
for using electromagnetic radiation to communicate with a user
in accordance with any one or more of a plurality of
predetermined communications protocols, and in accordance with
any one or more of a plurality of predetermined communications

i, .
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one or one or more predetermined communications services established.

In addition, the method includes the steps of f)} receiving the
10 protocol signal and the service signal, and g) responding to the
protocol signal and the service signal by configuring the radio
frequency circuit to respond to radio frequency signals in
compliance with the one or more predetermined communications
protocols and the one or more predetermined communications
15 services.

In accordance with a further aspect, the invention is an
apparatus for using electromagnetic radiation to communicate
with a user in accordance with any one or more of a plurality of
predetermined communications protocols, and in accordance with

20 any one or more of a plurality of predetermined communications
services. The apparatus includes radio frequency circuit means,
protocol establishment means, protocol signal means, service
establishment means, service signal means, receiver means, and
electromagnetié radiation response means. The protocol

25 establishment means is for establishing the one or more
predetermined communications protocols, and the protocol signal
means is for generating a protocol signal representative of the
one or more predetermined communications protocols established.
The service establishmeht means is for establishing the one or

30 more predetermined communications services, and the service
signal means is for generating a service signal representative
of the one or more predetermined communications services
established. The receiver means is for receiving the protocol
signal and the service signal. Finally, the electromagnetic

- 35 radiation response means is for responding to the protocol
signal and the service signal by configuring the radio frequency
circuit means to respond to radio frequency signals in .
compliance with the one or more predetermined communications
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Figure 5 is a functional distribution diagram of the

functional distribution of the second preferred embodiment of
15 the invention.

Figure 6 is a diagram of the architecture of one version of
the second preferred embodiment of the invention.

Figure 7 is a first portion of a diagram of the
architectural detail of the one version of the second preferred

20 embodiment of the invention.

Figure 8 is a second portion of a diagram of the
architectural detail of the one version of the second preferred
embodiment of the invention.

Figure 9 is a diagram of the architecture of the other

25 version of the second preferred embodiment of the invention.

Figure 10 is a functional distribution diagram of the third
preferred embodiment of the invention.

Figure 11 is a functional block diagram of the third
preferred embodiment of the invention.

30 Figure 12 is a functional block diagram of the transmitter
portion of the third preferred embodiment of the invention.

Figure 13 is a functional distribution diagram of the
receiver portion of the third preferred embodiment of the
invention. :

35 Figure 14 is a functional block diagram of the fourth
preferred embodiment of the invention.

Figure 15 is .a further functional block diagram of the
fourth preferred embodiment of the invention.
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to radi o freqeévey pogtdlon jof a first version of the fourth preferred
embodiment of the invention.

Figure 19 is a first functional distribution diagram of a

10 second version of the fourth preferred embodiment of the
invention. .

Figure 20 is a second functional distribution diagram of a
second version of the fourth preferred embodiment of the
invention. _ '

15 Figure 21 is a timing diagram relating to a portion of the-
fourth preferred embodiment of the invention.

Figure 22 is an architectural block diagram relating to a
receiver portion of a fifth preferred embodiment of the
invention.

20 Figure 23 is an architectural block diagram relating to an
antenna and filter array portion of a fifth preferred embodiment
of the invention. |

Figure 24 is an architectural block diagram relating to a
transmitter portion of a fifth preferred embodiment of the

25 invention. '

Figure 25 is an architectural block diagram relating to a
receiver portion of a fifth preferred embodiment of the
invention.

Figure 26 is a first plan view of the architecture of the

30 version of the second preferred'embodimenc of the invention
shown in Figure 9.

Figure 27 is a second plan view of the architecture of the
version of the second preferred embodiment of the invention
shown in Figure 9.

35 Figure 28 is a third plan view of the architecture of the
version of the second preferred embodiment of the invention
shown in Figure 9.
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prot ocokircuit 50 (assumed to be a transceiver) in the preferred format
is generally planar and rectangular in shape, being
15 approximately 54 millimeters wide, approximately 135.6
millimeters in length and 5 millimeters thick. The exemplary
circuit 50 includes a key pad portion 52 and a transceiver
portion 54. The key pad portion 52 includes a membrane key'pad
56 and a microphone 58. Between the key pad portion 52 and the
20 transceiver portion 54 is a portion 60 which includes an
alternate pop-up battery clip 62. The transceiver portion 54
includes an enclosure 64. that encloses the circuitry for the
transceiver. The transceiver portion 54 also includes an upper
surface 66 supporting a liquid crystal display (LCD) 68. An
25 earphone socket 70 is located on another side 72 of the
transceiver portion 54. A further side (not shown) of the
transceiver portion 54 supports an RJ-11 socket for connection
to a compatible cord and a bottom side (also not shown) includes
a battery clip. 74 and a socket for a security identification
30 module (SIM). The transceiver portion 54 also includes an
antenna 76.

Figure 2 is a functional block diagram of a first preferred
embodiment of the invention, and Figure 3 is a functional
distribution diagram of a first preferred embodiment of the

35 invention. This first preferred embodiment of the invention is a
baseband system that is particularly useful with an apparatus
that uses frequency modulation in a transmit frequency range of
824-849 MHz and a receive frequency range of 869-894 MHz. The
first preferred embodiment has channel spacing of 30 kHz. The
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5 As shown in Figure 2, the first preferred embodiment 100
- receives a frequency-dlscrlmlnated signal from a frequency
modulation (FM) discriminator (not shown) on line 102. The
- frequency-discriminated signal respectively passes on lines 104,
106 and 108 to a wideband receiver timing recovery circuit 110,
10 a receive bandpass filter 112, and an additional bandpass filter
114. The wideband receiver timing reccvery circuit 110 produces
a timing recovery signal on line 116, which conducts the timing
recovery signal to a wideband receive data processing circuit
118. The signal produced by the wideband receive data processing
15 circuit 118 is then sent to a microcontroller (not shown) for
further processing. The receive bandpass filter 112 produces a
filtered signal that then passes to a conventional de-emphasis
circuit 120. An output signal from the receive bandpass filter
112 then passes to an expandor circuit 122, which produces an
20 audio signal for the user. The bandpass filter 114 produces a
signal that is sent to a phase-lock loop 124. The phase-lock
loop 124 produces a first signal that is transmitted to a
frequency detection circuit 126. The frequency detection circuit
126 is then sent to the microcontroller (not shown) for further
25 processing.
On transmit, an audio in signal is received by an input
‘bandpass filter 128. The filtered signal from the bandpass
filter 128 then passes to a compressor circuit 130. The
compressed signal from the compressor circuit 130 next passes to
30 a pre-emphasis filter 132. Another source of audio signals is a
dual-tone multifrequency (DTMF) generator 134, generally
operated by a user activating a keypad (not shown). The audio
signal to be transmitted is selected by a switch 136, which then
passes to a deviation limiter circuit 138. Thereafter, the
- 35 deviation limited signal produced by the deviation limiter _
circuit 138 is transmitted by a post deviation-limiter filter
140. Yet another source of audioc signals is a signal tone
generator 142. The switch 144 selects either the signal produced
by the post deviation-limiter filter 140 or the signaling tone

-7
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preferre8°gﬁggﬁfﬁéd??ﬁ ?éé#?%Vention. 30 Figure 12 is a functiona
bl ocko di agr anFobémt Anothems viiewsr the functional distribution diagram of a

first preferred embodiment 100 of the invention is shown in
Figure 3. The functional distribution diagram of the first
preferred embodiment 100 differs somewhat in detail and purpose
from the function block diégram of the first preferred

15 embodiment 100. However, there are some elements of the two
figures that are common to the two figures. In this case, common
elements are given the same reference numeral in the two
figures. As shown in the function distribution diagram of Figure
3, in the first embodiment 100, an analog signal is received

20 from an FM discriminator (not shown} and passed through an anti-
alias filter 202. The resulting signal is then passed from the
anti—alias filter 202 to an analog-to-digital (A/D) circuit 204
which also receives a clock signal 206 from a conventional clock
(not shown). Alternatively, if desired, and as will be described

25 subsequently, an analog signal is received by another A/D
circuit 208 from a final intermediate frequency (I/F) stage. The
digital output from the A/D circuit 208 is then processed by a
digital demodulation circuit 210. - '

Regardless of which alternative is followed, the output

30 signal of the A/D -circuit 204 or the digital demodulation
circuit 210 is passed simultaneously to three series '
combinations of functional elements. In one of the combinations,
a receiver bandpass filter 212 receives the signal and passes
its output to a deemphasis filter 214. The deemphasis filter 214

35 then passes its output signal to an expander circuit 216 (for
example, a 2:1 expander) and the output of the expander circuit
216 then passes to a digital-to-analog (D/A) circuit 218 which
also receives a clock signal 220 from a clock (not shown). The
digital-to-analog (D/A) circuit 218 operates at an audio
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portion of the third preferred enbodinent of the invention. Fi gure

13 is a funcy gy stribution di agram of the  receiver 09foodse
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t he fourt%gg%éﬂmglx)eﬁf% %nbodrnent of the invention. Fi gure 17
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first verphanpalsst F ity tinorefipféLs the output signal and transmits the
filtered output to the phase-lock loop 124. The output of the
- phase-lock loop 124 is then sent to a gated summation amplifier
(not shown) for use in frequency generation. The output of the
10 phase-lock loop 124 is also sent to a microcontroller (not
shown) for further processing.

Along another possible combination of functional elements, a
zero-crossing detector 222 processes the output signal and
produces a timing signal that is used by a receive wideband

15 timing recovery circuit 224. The receive wideband timing
recovery circuit 224 produces an output signal that is then
processed by a receive wideband data processing circuit 226 that
produces data that can be used by the microcontroller for
control purposes.

20 For transmit purposes, an audio input signal, received from
a microphone or modem, is received by an anti-alias filter 228.
The output of the anti-alias filter 228 is then passed to an
audio A/D circuit 230, where it is digitized. The digital output
signal from the audio A/D circuit 230 is next filtered by the

25 input bandpass filter 128. The filtered signal from the bandpass
filter 128 then passes to a compressor circuit 130. The
compressed signal from the compressor circuit 130 next passes to
a pre-emphasis filter 132. The output of the pre-emphasis filter
132 then passes to a deviation limiter circﬁit 138 and then to a

30 deviation limiter circuit 138. The deviation limited signal
produced by the deviation limiter circuit 138 is transmitted by
a post deviation-limiter filter 140 to a gated sum amplifier
232.

Another input to the gated sum amplifier 232 is derived by

35 processing a signal from the microcontroller (not'shown) to

~produce an input to a dual-tone multifrequency (DTMF) generator
134. Still another input to the gated sum amplifier 232 is
derived by processing a signal from the microcontroller to
Produce an input to a signal tone generator 142. Yet another

-0~
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di agbam2¥tating to a receiver portion of a fifth preferred
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archlte ragramre at I ng recel Ver portil
preﬂ@“%ﬂp@mﬁogumeampbi ipy. 232 passes to a final modulatlon dev1ce 236

and then to a D/A converter 236. The output of the D/A converter
236 can then be transmitted to the intermediate frequency stage

(not shown) of a transmitter.
Figure 4 is a functional block diagram of a second preferred
15 embodiment of the invention. This second preferred embodiment of
the invention is particularly useful with an apparatus that uses
frequency shift-keyed modulation in a receive frequency range of
929-932 MHz, with a deviation of + 4800 Hz. The second preferred
embodiment has channel spacing of 25 kHz. The data rate for the

3]
(=]

second preferred embodiment can be selected from 512, 1200 and
2400 bps and features BCH error correction. The data preamble
length is 512 bits. The receiver portion of the second preferred

embodiment of the invention has a sensitivity of 5uV/m at 512

bps, 7uV/m at 1200 bps, and';OuV/m at 2400 bps, and an IF
25 bandwidth of 25 kHz. _

The apparatus 300 of the second preferred embodiment of the
invention includes an antenna 302 for receiving electromagnetic
signals that are in the appropriate frequency range(s). The
signal from the antenna 302 is then processed by an FM receiver

30 304 whose output is then demodulated by a demodulation circuit
306. The output of the demodulation circuit 306 is processed by
a digital filter 308, and the output of the digital filter 308
is then decoded by a decode circuit 310. The decode circuit 310
then produces a control signal that it transmits to a controller

35 312. The controller 312 processes the control signal and
presents appropriate control information to a human interface
314 where it can be used by a human user.
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invention Figufe'26 is a first plan view of the architecture of
t he the second preferred enbodi nent of the inggpi
 Shpaett e oY epsSHooms

shown |n Fi Figure 27 is a second plan view o
architecture ofighiee 5 is wermimmalh@mmqﬁmmimmmﬂimeet of the

b _ _
of 'the ar ERPESAETR o T Efod of Pe spcoRttlEgedired PrbBRtalhe Tl

of the intbet iavesitdwm i rag giiigupe 6 is a diagram of the architecture of

o- \&‘3&7&0@198 d preferred embod £ th

vers secon referred embodiment of the invention.
PCT/U897/655% Figure 29, is ptab e shomngg ant|0|%atg nodes of
oper at? onAs shown in the function distribution agram © e second

preferred embodiment 400, a filtered radio frequency (RF) signal

is received by a tuned low noise amplifier (LNA) 402, whose

output is sent to a mixer 404. The mixer 404 has another input

and an output. The input of the mixer 404 receives an oscillator
10 signal from an oscillator/multiplier 406. The frequency of the
output of the oscillator/multiplier 406 which is transmitted to
the mixer 404 is 620 MHz. The output of the mixer 404 is sent to
a direct conversion IF/FM demodulator circuit 408. The circuit
408 receives a 310 MHz signal from the oscillator/multiplier
406.

The outéut of the direct conversion IF/FM demodulator
circuit 408 is raw data, which is processed by a digital filter
410 and then by a decoder circuit 412. The decoder circuit 412
communicates with a memory circuit 414 by means of a bi-

20 directional line, allowing the decoder circuit 412 to store and
retrieve digital data. The decoder circuit 412 also produces an
output signal that can be used by a microcontroller or by user
interface circuitry (not shown). .

As shown in Figure 6, the architecture of the second
preferred embodiment receives an RF input signal in a receiver
502. The receiver 502 produces a raw data signal which it
transmits to a decoder circuit 504. The decoder circuit 504, in
turn, produces a feedback control signal which it transmits to
the receiver 502. The decoder circuit 504 also transmits and
30 receives interface signals to and from a conventionally

programmed microcontroller (not shown). '

Figure 7 is a first portion of a diagram of the
architectural detail of the one version of the second preferred
embodiment of the invention, and Figure 8 is a second portion of

35 a diagram of the architectural detail of the one version of the
second preferred embodiment of the invention. This version of

b
W

b
v

the second preferred embodiment of the invention is an analog
version.
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of the first, second, third, fourth and fifth preferred enbodi nent s of

the i nventy gy Figures 1-29 present graphic descri ptpepfseinsods
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+ of the 603, V@ﬁbgasg%gﬁ red RO JTRN ;i 10l - tdey | “i"ﬁé‘txh’i’ﬂerA@o@XﬁH@ ary

circuit be a transceiver) In the referred fornmat

genér al agxophaﬁa#naﬁa ABE: ARy UEPYty SN 1"3h%p‘BHS§:FrT596I yesslves

mlli neaﬁréswm@ac@&pé@ghmt E|mnil%5 deries ot |m1m?ﬁ£p51eﬁ keages god Bhat
mllineters thick.

circ ncI de a ke a ortion
D hna are; ariver by & SHYREl bsci1 RdSH dod) S HiESugacyY oR o EnEor !
nmenbr aneukpytped the mGlariglden ctaEyes s Es. thed:lweJesu than&mytped por then 52

and the %xe%rgsic |v%5 pﬁh%!oqggg &ng|éﬁbEmhﬁgfcgoangﬁuggﬁtago

alterna? u atter ranscelver ort nclude
an Ehclﬁsuse Ehaﬁﬁaﬁpéﬁ@¢G§é§Mﬂﬂ¥R§rQiQtWRA¢QwPf uces ar@pseetvdf) The

transcehbyepuOhhiOl gthadhra@urec| (feodiputPPerne multiplier stages 606
also produce an output signal having a frequency of 310 MHz.
This output signal is sent to a second phase splitter circuit
612 which also produces a direct (I) output and a quadrature (Q)

15 output. The two I output signals are mixed in a mixer 614 and
the two Q output signals are mixed in a mixer 616. The outputs
of the two mixers 614 and 616 respectively are sent to
intermediate frequency amplifiers 618 and 620. The outputs of
these two intermediate frequency amplifiers are sent to

20 respective active low-pass filters 622 and 624, after which
their outputs are limited in limiters 626 and 628. The outputs
of the limiters 626 and 628 are mixed in a mixer 630 to produce
raw data output.

In Figure 8, the raw data input is received by a data filter

25 and clock recovery circuit 702. The circuit 702 communicates
with a main decoder 704. The main decoder 704 is also connected
to a decoding data controller 706, a RAM controller 708 and a
master divider 710. The master divider 710 is driven by a signal
from an oscillator 712, which receives an input signal from a

30 first crystal and produces an output signal to drive a second
crystal. The master divider also produces an output signal that
is sent to a timer reference 714. The output of the timer
reference is sent to a register and interrupt control device
716, which sends interrupt signals to a user interface through a

35 control circuit 718 and also to a bus control circuit 720. The
control circuit 718 and the bus control circuit 720 also
communicate with one another. The bus control circuit 720 also
sends interrupt signals to an alert generation and control
circuit 722. The register and interrupt control device 716 also
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surface 66 supporting a liquid crystal display (LCD) 68. An 25 . earphone
socket 70 i °J on anot her side 72 of the transcei ver :
S‘Hé ? ) pE?ié}rs?’?/Hsm%

A further Aot shomm) of the transcei ver portion 54 su S an
RJ- 11 soclesnd gregistrrxt $sgnals te sheoRpit igandrFiemrd & &R%HE%G@ the

(gl SO ][lot @B@%&n3oﬁft91 U@_lfﬁcult aobaﬁt_ﬁbeebmium‘:ﬂ@mﬁ.&x Sapqim4 -fm amecrgﬁsty |
i dentification modul e e lranscei ver parti al s es
an  antGAfHE9s circult SPI\%P@OZSF?dg FOREEIn 52 agtsxsrtﬂ }ﬁ#%#&g
first pﬂﬂbﬁﬂﬁxbllerEﬂDedlwhmbhobonheousvaMJamacnrutaEXxﬂeréSahla

functi gnal di but:i r r ef %ggﬁgl t he
35 i nvant iFHPI :ﬁﬁ"‘i ?sfe%aeg 9e§@m8 d( P?{OM? t he |nven Ion %’%@én‘?és Q
baseband syestemsignal sfpamt acupgery seSctipl odinamidn 72fpaThesEEPROM hat uses

frequency Jqmdulatian maaigan%abhl%%qg %Ylﬂo%&%tcifon sidgifr S40rdhizg and a

receive frequency range o first preferred epbodi ment
has Channé1Q§g¥%,$ﬁp%nrgglﬁg§1o¢hglrcu1t 730 The output of the decoding.

data controller 706 is sent to a receiver control device 732

10 which enables the receiver to which it is connected.

Figure 9 is a diagram of the architecture of the other
version of the second preferred embodiment of the invention.
This version 800 of the second preferred embodiment of the
invention is a digital version. Electromagnetic signals received

15 by an antenna 802 are sent to a RF device 804 which
communication with a FPGA 806 over a bi-directional link 808.
The RF device 804 transmits an output to a POCSAG RF
intermediate frequency device 810 which, in turn, transmits its
output to a POCSAG baseband device 812. The FPGA 806
20 communicates over a bi-directional line 814 with a signal
processox 816. The FPGA 806 also communicates over a bi-
directional line 818 with a digital signal processor (DSP)
circuit 820. The signal processor 816 also receives inputs from
a keypad 822 and transmits output signals to a display 824. The
25 signal processor 816 further exchanges signals with another
configured FPGA 826 over a bi-directional line 828. The other
- configured FPGA 826 also receives and transmits signals from and
to I/0O devices 830. The other configured FPGA 826 communicates
over a bi-directional line 832 with a PCMCIA port 834, which can
30 be connected to an appropriately equipped device such as a
notebook personal computer (PC).

Figure 10 is a functional distribution diagram of the third
preferred embodiment of the invention, and Figure 11 is a
functional block diagram of the third preferred embodiment of

35 the invention. This third preferred embodiment of the invention
is particularly useful with an apparatus that uses GMSK
modulation (bandwidth-time product of 0.5} in a receive
frequency range-of 935-941 MHz and a transmit fregquency range of
865-902 MHz. The third preferred embodiment has channel spacing
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recovery signal “on whi ch conducts the timng recovery signal
to a w deband. rece| ve data processing circuit 118. The signal produced

by the th delb sfrﬁﬁﬁit VﬁudﬁiguﬁéOE3$Stne éhbodiment 908 receliwessent to a
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908, which provides automatic gain control (AGC), automatic
frequency control (AFC), timing and synchronization signals to

15 control the demodulator 906; The demodulator 906 also produces a
digital scrambled signal that is sent to a descrambler circuit
910. The output of the descrambler circuit 910 is next
transmitted to a bit interleaving circuit 912 to process the
digital signal. The processed signals produced by the bit

20 interleaving circuit 912 are sent to a channel decoding circuit
914, and then to a packet disassembler circuit 916, thereby
producing the correspénding data output of the signals
originally received by the antenna 902.

On transmit, the embodiment 900 receives data input in a

25 packet assembler circuit 920. After assemblyt the packets are
transmitted to a channel encoder 922 and then bit-interleaved by
a circuit 924. The bit-interleaved signals are then scrambled in
a scrambler 926, modulated in a GMSK modulator 928 and then sent
to a radio frequency transmitter 930 for transmission through

30 the antenna 932.

In the functional view of Figure 11, the third embodiment

900 includes a digital circuit 1002 that includes timing
circuitry 1004 and a mailbox 1006. The digital circuit 1002 is
controlled by a controller 1008. The digital circuit 1002 also

35 communicates with a signal processing circuit 1010, which
processes particular signal processing tasks. The digital
circuit 1002 transmits AGC adjust and other control signals. It
further transmits digital signals that are converted to analog
signals by D/A devices 1012 and 1014, respectively producing
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signal that is sent to a phase-1ock | oop 124. The phase-| ock | oop 124

_produces a fdvﬁ;%‘w jgnal that is transmtted to a  frequencypgpiRoi/bsBs
circuit 126. The Tréequency detection circuit 126 is then sent to the

m cr og_ont aekket (—,\?ﬁ_t Wtd:ﬁé béigﬁm £5r proeesPi bgher circui@rytransmit,
an audio 1n signal is receiv y_an, a Lt 128,

filtered SP§RE eﬁr&ﬂqiﬂ93ﬁﬁé1xﬁ£?¢ult;iﬁﬁ%rriﬁgg?%gnaggéggsg%g é%aéqgiure.
conpr essogignads Erbk0.otler ciraouitpressBre stgraivedomignalsonpeepsmcessed
circuit 130 t passes t rEoEAPLas1 i 132. 0 : -$Qur ce of
audi o sigﬁXl§9§EGPV1CE%M£Q£%2§&§E£Ht|freqp%%%? % #RF?aggﬁgrgggﬁt%i4

gener & | ycircudge 10 figr Lurdten@TRFFHSA- keypad (not shown). The audio

signal to be tganspbti8dikSaselinetadnlY 196K iakdam WE athé NeFansmipeeges

EORESEAG LN R et DRI LAY O MR Y
a post dewiauiren1li rig er fidetonal diérriedthontdbagsamr of theawdiceiver
T S upobr et Y s P hed rn BB B8 U4 ARG
'signalo ng toneAs shown in Figure 12, the third preferred embodiment 1100
receives data to be transmitted and combines it with header
information in an adder 1102. The output of the adder 1102 is
then encoded in accordance with a Hamming code (in encoding
circuit 1104). The encoded data is then passed through two banks

15 of low-pass filters 1106 and 1108. The outputs of the respective
banks of 1ow-pass-filtefs are sent to a feed back loop that the
outputs to transformed versions of the output to produce output
signals. The output éignals are produced after their phase is
reduced to a 360 dégree range, and the fedback signals are

20 produced by transforming the phase information signals. The
output signals represent phase shifts and are converted to their
direct (real) and quadrature (imaginary) components by
trigonometric functions. These components are based on a 1.024
MHz fregquency.

25 As shown in Figure'13, third preferred embodiment 1100
receives direct and quadrature signals at 1.024 MHz. These
signals are then decimated in a decimation circuit 1120. Their
differences are determined in the difference circuit 1122. The
originally-received signals are mixed with their decimated

30 counterparts to produce output signals from the mixer 1124. The
output signals from the mixer 1124 are sent to timing and clock
recovery circuitry 1126 and also to a correlator 1128. The
output of the timing and clock recovery circuitry 1126 is
decoded by a slicer 1130. A controller 1132 processes the signal

35 output from the correlator 1128 to detect the frames in the
originally received digital data. The controller 1132 also

_processes the output signals from the slicer 1130 and produces
error control data therefrom.
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10 The fourth preferred embodiment has channel spacing and IF
bandwidth of 200 kHz, with speech coding of 13 kbps. The raw
data rate for the fourth preferred embodiment is 270.833 kbps

and features a TDMA transmission format (8 slots). The time slot

length is 577 ps and the time frame length is 4.615 ps. The

15 receiver portion of the fourth preferred embodiment of the
invention has a sensitivity of -110 dBm. The transmit power for
the third preferred embodiment is 0.6 W. The data support rate
is 9.6 kbps.

- As shown in Figure 14, the embodiment 1300 receives

20 electromagnetic éignals from an antenna 1302, which transducts
the signals and sends them to a radio frequency receiver 1304.
The receiver 904 sends its output to a demodulator and equalizer
1306. The demodulator and equalizer 1306 is part of a feedback
loop including the circuit 1308, which provides automatic gain

25 control (AGC), automatic frequency control (AFC), timing and
synchronization signals to control the demodulator and equalizer
1306. The demodulator and equalizer 1306 also produces a digital
scrambled signal that is sent to a demultiplexor circuit 1310.
The output of the demultiplexor circuit 1310 is next sent to a

30 decryption circuit 1312. The output of the decryption circuit
1310 is next transmitted to a bit interleaving circuit 1314 to
process the digital signal. The processed signals produced by
the bit interleaving circuit 1314 are sent to a channel decoding
circuit 1316, and then to a D/A speech decoder circuit 1318,

35 thereby producing the corresponding voice output of the signals
originally received by the antenna 1302.

On transmit, the embodiment 1300 receives analog voice input

in a A/D speech coder circuit 1320. After coding, the output
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circuit 1402 transmits AFC, AGC adjust and other control
signals. It further transmits digital signals that are converted

15 to analog signals by D/A devices 1412 and 1414, respectively

producing direct and quadrature signals for use by other
circuitry. On receive, the digital circuit 1402 receives direct

and quadrature signals from other circuitry. The received
signals are processed by A/D devices 1416 and 1418 and then sent

20 to the digital circuit 1402 for further processing. Further, the
signal processing circuit 1410 transmits and receives audio
signals to and from an audio codec circuit 1420. The audio codec
circuit 1420 receives and transmits signals from and to a
headset worh by a user of the communication system.

25 In the functional view of Figure 16, the fourth embodiment
1300 alternatively includes a digital circuit 1502 (in the form
of a FPGA) that includes timing circuitry 1504 and a mailbox
1506. The digital circuit 1502 is controlled by a
microcontroller 1508. the microcontroller 1508 receives signals

30 and data from an FPGA 1510 that transmits signals to and from
SIM and PCMCIA ports 1512 and 1514, respectively. The digital
circuit 1502 also communicates with a digital signal processing
circuit 1516, which processes particular signal processing
tasks. The digital circuit 1502 transmits AGC adjust and other

35 control signals. It further transmits digital signals that are
converted to analog signals by D/A devices 1518 and 1520,

- respectively producing direct and quadrature signals for use by
other circuitry. On receive, the digital circuit 1502 receives
direct and quadrature signals from other circuitry. The received
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(not sh nabe EeeaPﬁ ngﬂhé?cfu?éﬁeraqeoég.%%t%% 'ofﬂtg%eg%kb cBhec
phase- | ockrtadp 1246i seceivese@nd ¢ raRNAWH oFiIRAlerfxemtand tehdwn) for

further i A Y O ERPSEA ] 6n COpbt &Rt 4RA 8hn b
fgnctioh%%gégégeﬁgg? gy ? u?ero-crossing detector 222 processes the oﬁtput
si gnal abdtegrapedddsEe an FRGRg signal that is used by a receive w deband

15 tim ng regoMpive CiT Cikta2fdnciionatcdigeribdeiand diagran of the
' transmitter portion of a first version of the fourth preferred
10 embodiment of the invention, and Figure 18 is a functional
distribution diagram of the receiver portion of a first version
of the fourth preferred embodiment of the invention.
The first version 1600 of the fourth preferred embodiment of
the invention includes a transmit buffer 1602 which receives
15 digital signals from an encoder (not shown). The outputs of the
transmit buffer 1602 are transmitted to two sets of low pass
filters 1604 and 1606, respéctively. The two sets of low pass
filters 1604 and 1606 can take the form of 8 by 8 tap Gaussian
low pass filters. The outputs of each of the two sets of low*
20 pass filters 1604 and 1606 are sent to a feed back loop that the
outputs to transformed versions of the output to produce output
signals. The output signals are produced after their phase is
reduced to a 360 degree range, and the fedback signals are
produced by transforming the phase information signals. The
25 output signals represent phase shifts and are converted to their
direct (real) and quadrature (imaginary) components by
trigonometric functions. These components are based on a 1.024
MHz frequency. The direct and guadrature components are next
transmitted to an output buffer 1608, whose outputs are sampled
30 at 2.1664 MHz to produce digital signals that are converted by
two D/A converters 1610 and 1612. The outputs of the two D/A
converters 1610 and 1612 are then transmitted to'a conventional
I/Q modulator.
As shown in Figure 18, 1I/Q signals are received by a
35 receiver sample buffer 1702, which is set to receive data at
rate of 2.1664 MHz. The outputs from the receiver sample buffer
1702 are then transmitted to a complex correlator 1704, which
performs 26 sample correlations, using a training pattern
received from a memory 1706. Any timing adjustmenté are derived
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as to the mixer 1712.
Figure 19 is a first functional distribution diagram of a

15 second version of the fourth preferred embodiment of the
invention, and Figure 20 is a second functional distribution
diagram of a second veérsion of the fourth preferred embodiment
of the invention. Figure 21 is a timing diagram relating to a
portion of the fourth preferred embodiment of the invention.

20 As shown in Figure 19, the second version 1800 of the fourth
preferred embodiment of the invention includes a codec 1802
which receives audio signals from a headset (not shown). The
output of the codec 1802 is sampled at 8 kHz and sent to a frame
buffer 1804. The output of the frame buffer 1804 is then

25 transmictted to a vocoder 1806 and next coded by & coder 1808.
Next the bits produced by the coder 1808 are reordered in a
reorder circuit 1810. Depending upon the class of the digital
information produced by the reorder circuit 1810, the data are
encoded in coding circuitry 1812 which includes a summer 1814,

30 whose output is sent to an interleaving RAM 1816. The
interleaving RAM 1816 also receives encoded information and
frame stealing bits and produces yet another encoded stream of
information which is presented to an encryption circuit 1818.
The encryption circuit 1818 operates in connection with a key,

35 is defined in a packet with a synchronization word in an adder
circuit 1820, and then transmitted to an output buffer 1822,
before it is transmitted.
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produce an input to a signal tone generator 142. Yet another

-9- sg86% 97/ 50202
7 PCT/US97/09985
PCT/USQ?/OSS%%I input to the gated sumanplifier 232 is derived by

processi ng aFlguségmalléransebendlfuncombnaﬂlénsﬂmmbmqum\ﬂxkgxamlof a
transmt gé‘{:ﬁd verBiBrCSYoW JF "Gl lechdt gﬁef’é‘f% Q&b&&fmé\héeBgnéhe

transmt processing circult 148 t asses to a wdeband transmt
filter 5ipgention. Datﬁe@ﬁ-’ﬁjlre%%eld‘feq Heram o’ée%ﬁlY?E (ARGt SBPYRY andhe -

out put Ofent tbha Bﬁtf%rsqm@rmlwﬁé Rlat?B A 1P aSls€ So PE@r NDY0R ahirentReA sent

converter | i.n t es Jt.s output signal to.a
nodul®at of° 2 deA%“&ﬁ&'ﬁ'ﬁ@r M é‘pgﬁé %f“fl'h %%%ﬁ?ﬁe%tsigﬁaltﬁglgbt put of
the 10 gabeﬁvauésaappafnmy Zaiéqiags:ascun: a906al semds| datantdesi baffag

and thenlgggtr%ém(é?%egrt% o %:‘?é%r t}:@%l uf@%ﬂ@‘ C@H&%&Eé from’the

can then he |n er ne ate requency
buffer 1908 -is transmitted to a host, and the output from the

reorder bits circuit 1910 is transmitted to a coded speech
10 circuit 1912. The output from the coded speech circuit 1912 is
transmitted to a vocoder 1914 and then to a frame buffer 1916.
From the frame buffer 1916, the data is sent to a codec circuit
1918 and then transmitted to a headset (not shown).
Figure 21 shows the functional form of a packet of data. A
15 packet 2000 includes five fields. Beginning and ‘ending fields
2002 and 2004 are each 4 units long, two data fields 2006 and
2008 are both 58 units long and a sync field 2010 is 26 units
long. .
-Figure 22 is an architectural block diagram relating to a
20 receiver portion of a fifth preferred embodiment of the
invention. Figure 23 is an architectural block diagram relating
to an antenna and filter array portion of a fifth preferred
embodiment of the invention. Figure 24 is an architectural block
diagram relating to a transmitter portion of a fifth preferred
25 embodiment of the invention, and Figure 25 is an architectural
~ block diagram relating to a receiver portion of a fifth
preferred embodiment of the invention. Each of these diagrams
will be understood by those skilled in the relevant arts.
Figure 26 is a first plan view of the architecture of the
30 version of the second preferred embodiment of the invention
shown in Figure 9. Figure 27 is a second plan view of the
architecture of the version of the second preferred embodiment
of the invention shown in Figure 9. Figure 28 is a third plan
view of the architecture of the version of the second preferred
35 embodiment of the invention shown in Figure 9. Each of these
diagrams will be understood by those skilled in the relevant
arts.
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(not shown) of a transnitter. Figure 4 is a functional bl ock

di agr am of preferred 15 enbodi nent of the invention

preferred e§%§§%§§%? the invention is particularly usef%?hﬁf?ﬁﬁﬁﬁg
appar at us thatFi@@ﬁe 29 iéeaut%l§M%mﬁe@m¢®@ dSEC@péﬁatlon

fséggﬁgnfﬁéifegﬂ&d%“s% oeg‘? %g‘zr%ha% uftspa}c‘?tgggf;ﬁ §mE§§ m?ﬁé-'sdé’[efa the

rate for nhvezﬁlsenond preferred enbodi ment can be selected from512, 1200
and 2400 e’r%e Bbisep1BCH B! ‘&ron%‘%fdﬂ%tx‘ Ubde gfsé@tv?l&{ P! farious

|l ength is 512 bItS e recelver, portion o secon referred
enbgdlﬁmnPrSfeFPr’@dr SFRRG RS Jagslé‘F%‘F‘H%@tflr%"f‘ BFEFPFVP‘HP&F genrces. pps,

7[ err] VI npaitaQ0 sikgmalapskdéd sEidg/ ms\p) 2800c©Pens aade aovrEd2Bobandwi dt h

f 25 kHz. aratus 3! cond referre enbodi ment of
The " hoBRERA ST R o, & oot FETRRERGPR (O Eher BRHSRot |
si gnal s tiahageaent Eh&ximtxgsraﬁenﬁxpxumse@ apagedken ibeevery5|gnal from

h t <) oS t IS
e At nRBaBAekact B ARASP ki AnE 4 ERSLY Enildo AR IO Bl
denod®f at maﬁasm@mtt C3g%6 ﬁ@-‘%ﬂ%’&éﬁ"&% tbtye form of gtn@@ule5| t:erCQOBrOAn@cMee:

out put of cbAgusipiioal ik Idtqrex?:%’arts o tRENsPEAHCOTRY BoREE8iigesi rCUit

310. The dgﬁgggli§r%%5Ealég state machines, takes advantage of

packetization whenever possible, and has a well-designed user
interface, using the skills known to those who are skilled in
15 the art.
The field programmable gate arrays (FPGAs) use over-sampled
analog-to-digital (A/D) and digital-to-analog (D/A) conversion

using Z-A techniques.
. The system also has a direct memory access for transfer of

20 data with the digital signal processing circuit of the system.
In the preferred embodiments, a PCMCIA I/0O device can be used.

Among the purposes for the analog hardware used in any of
the preferred embodiments shown in the Figures, key factors are
to provide high power efficiency (which will maximize battéry

25 life), to provide wide dynamic range, and to provide excellent
adjacent channel and intermodulation rejection. |

In the hardware, the DSP function can be provided by an ADI
2181 chip, operating at 33 MIPs (at the current maximum clock
rate). If a vocoder is desired, it can operate at 3.3 MIPs.

300 Modem functions are provided at not greater than 20 MIPs. The
hardware embodiment can be designed to be easy to program, and
has a good power consumption profile. The controller in the
hardware can be a Hitachi H8 chip, which features low power
consump%ion and an available code. The use of field programmable

35 gate arrays (FPGAs) delivers the required functionality while
also having a good power consumption profile. The hardware
components are readily available from common commercial sources,
including Xilinx 3042L-125 FPGAs, and an Analog Devices ADSP2181
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t hen produces a control signal that it transmts to a controller 35 312.

The controlwg,ﬁgporocesses the control signal and prese\?\,F%ms” 0085
appropriate control information to a human interface 314 ere it can

\?\le) g?/egobgga dhiFAN Stsfic RAM (SRAM) can have a cg}_é_la_./cl:‘jgg?/oggglgg Kbytes.
Fi gure 5%‘P§ré’%ﬁ:rﬁ (Hﬁﬁtmt??gﬁﬁ‘% bfab?gpn BRHE e functi onal

di stri buti on Thet pewerc cotsumpitdrore thatbaiswditts afn  transthissbogndfo0, 6wnd

Fi gure 64l l.aQr fe tihee archit efsi f cond
preferr eggrﬁggzg}gﬁ?gﬂo}?% h‘gejlf%\[-/e%i %ﬁ%%&f&gtgﬂév\gﬂﬁﬁt Egg?'&'r?g‘t isé%%e%r?,
di st r3 buthen FRGRAf anAunec’ @ @ndthe H8 ppécrprentrabdernconsages 75 oo,
filteredanadiche TR GENsUNES S0 U8Rl In théSst8A@hY¥AdvBYcd hded @y noi se

Al 1 el ENAL 402 WIOSE 1 o VLB e L5 800 18 Roedee 0y 1Sl Y
the pager wake-up mode, the battery will work for one month
(with 8 short transactions/day, 5 days/week). Time to switch
10 from one service to another is currently 31 ms.

While the foregoing is a detailed description of the
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

15 present invention.
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and an"output The input of the m xer 404 receives an oscillator 10 si gnal
froman oscillator/multiplier 406. The frequency of the o] e
osci | | ator/nmqqu@ 406 which is transmitted to t he mxleﬁ%ﬁﬁ’;"’é’&%zo

MHz. The output of the mxer 404 is sent to a direct conversion |IF/ FM
denodul ator circuit 408. The circuit 408 receives a 310 MHz signa
fromthe oscillator/multiplier 15 406. Claims The out put of the direct
conver si on IF/FNIdenDduIator circuit 408 is raw data, which is

d f
D Ceceael of AR 445 ysing, H1SERORABRBLEY 248060050 IS hindifeare
means of aw:bl:h aZnglrr éut aceeirdance, walthownyy artee Qieamiee erauplutallltgr of
store a“d ?eES 'ﬁ&?hgbgﬁnhﬁ'lc%&% %‘i-o‘i%‘&ﬁi% A z} ddéo §Hc8r Qdypes

an at can use a mcrocontroller or user -
|nterface %ﬁYC@ﬁ?r9r(ﬁ9Fesﬁéwﬁ)Plurallty ofaPradREPTRIRS u?%mBun%ﬁétlons
architect us@re{céb¢ &gﬁ@ﬁd51§§ :preferred enbodi ment receives an RF input
signal in a receiver The recel%ﬁi%é% roduces a_raw data signa

which it & BRI} d ‘ar%"é%%d‘é? <5y BReTREC O M S rcuit 504,
in 10tLpred@teﬁmmaedacbmmnhachtaonsrprauqyuﬂs\Hndﬁgeneraaasa1psotocol

the recel Vel oo0P: rTHecdeRaden el 8UtheSIACRIRO Al Wl ddeelitly; Ala' ecel ves

i nterface Sl om a convent I ona
m cr ocont redmmuniAationswpyotocols eStabllshed‘

a service circuit to establish the one or more predetermined

communications services and generate a service signal
15 representative of the one or more predetermined communications
services established; and '

a radio frequency circuit to receive the protocol signal and
the service signal and respond to the protocol signal and the
service signal by configuring itself to respond to radio

20 frequency signals in compliance with the one or more
predetermined communications protocols and the one or more
predetermined communications services. '

2. The apparatus of claim 1, wherein the radio frequency

25 circuit is a radio frequency receiver adapted to receive the
electromagnetic radiation and produce signals for the user in
compliance with at least one of the one or more predetermined
communications protocols and with at least one of the one or
more predetermined communicatioﬁs'services;

30 ' '
3. The apparatus of claim 1, wherein the radio frequency
circuit is a radio frequency transmitter adapted to transmit the
electromagnetic radiation in compliance with at least one of the
one or more predetermined communications protocols and with at

35 least one of the one or more predetermined communications
services.

4. A method for using electromagnetic radiation to communicate.
with a user in accordance with any one or more of a plurality of

RN R 0
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Figure 7 is a first portion of a diagramof the architectural detai

of the Onew%ggﬁ% of the second preferred enbodi ment opcirifke7/09985
i nvention, an Igure 8 is a second portion of 35 a diagramof the

a;;hidt e@ﬁ%t&?ﬂéd ofokiign@Batiensi proobcols, and siencaui:qrdérme’e«ztith
t t t Thi
enbodi Y SIS 1o (HYER: Phne; PLaFatTiy, 8 PreiitIaii Ridinfidfarign

Version.

97/ 5020%ervices, the method comprlslng the stppy W57/ 09985 As
shown in Fi g?? fovidd n \éfé"?g?% fRensesepdePreh et ed enbodi nent 600
of the inven oﬁ recel v

ered radi o frequen é éRF) Si nal at its
tuned | ow nobicesgtpbidishing Ndye one opp MGFS Rredeper™Laede FPmmMY &cﬁﬁ%ﬁns
604. Thepdpedoldd4 has 5 another input and an output. The input of the

ot ages 606 ¢ it Senerasiig (5 e eRpeot, beRiet EEPFPaRBhaETuS' of theb iy
of the moreyredetnérmbredukcbmpundcastiapss P30S oadlsh éstablamhedied to the
d) establishing the one or more predetermined commuhications
10 services;
e) generating a service signal representative of the one or
more predetermined communications services established;
f) receiving the protocol signal and the service signal; and
g) responding to the protocol signal and the service signal
15 by configuring the radio frequency circuit to respond to radio
freguency signals in compliance with the one or more
predetermined communications protocols and the one or more
predetermined communications services.

20 5. The method of claim 4, wherein the radio frequency circuit
established in step a) is a radio frequency receiver adapted to
receive the electromagnetic radiation, the method further
comprising the step of:

g) produéing signals for the user in compliance with at

25 least one of the one or more predetermined communications
protocols and with at least one of the one or more predetermined
communications services.

6. The method of claim 4, wherein the radio frequency circuit
30 established in step a) is a radio frequency transmitter adapted
to transmit the electromagnetic radiation, the method further
comprising the step of: '
g) transmitting the electromagnetic radiation in compliance
with at least one of the one or more predetermined
35 communications protocols and with at least one of the one or
more predeterﬁined communications services. '

7. Apparatus for using electromagnetic radiation to communicate
with a user in accordance with any one or more of a plurality of

LS
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m xer 604 is 620 MHz. The output of the m xer 604 is sent to a 10 first

phase splitwayomsozezit 610 which produces a direct (1) OUt PCU/USIWDINES
quadrature (Q output. The nultlgLier st ages 606 al so produce an oqut put
si gnal h@man%sﬁm%@%6n§9m@Pns$e HARS Pr°'ﬂ99¥%nnﬁﬂﬂ iR FEFordarent wikhy

second phase oY i bt ehoge! 68i & plur@ldtyhioth prieietsmmines cotimigtéathipns
out put .and a uadrature %é% 15 out'put. The two | output signals are m xed
in a nix&eHELERY SOPFAEPAS Q output signals are mixed in a mixer 616.
The out puts raddb Emaqn&ncy>@azndmzlmenhsiG respectively are sent to

| nterged ate LEBUURNAY AT ] Sinfert! fuddlls 020r dBEaBYiBHiIAC kne ordd'%Re ! VO
i ntermedi ate frequency anp | lers are sent respectlv active 1 ow pass
filters omreyRreletemipedyfpepunicatiens ﬁﬁ%ﬂc@ e limtedinlinters

626 and 628 pReLoHdUlsS gnal Qﬁeéﬁ‘@ fwlg@ﬂiérﬁeﬁngnd zgtaemms&gd;aln a
the raw data

m xer 630 t roduce ata_out put

i nput is %&RF%&l%?d%%a%?F|98F 9% moKe. PFeds %ﬁtﬁ?@%ﬁ? 1G35108f
circuit'ﬁEbﬁbﬂB&ENQstabllshedmth a mai n decoder 704. The mmi n decoder 704 -
is also conne | o r trqll

708 g?\d a EEQ-@ 5 Vi %'ﬂ%}g@é&tg&ﬁ%{: 9%5:195@?'& \%’21% b°§‘l pidre
si gnal PerQﬁﬁﬁmpnﬁélFP@EBF1¢§21°RE|éﬁrﬂé§QSVes an i nput signal froma 30

first crystal sé&@l&"eo@i%laﬁnéﬂﬁélﬂoﬁ@!@ér&@lﬂ?' aesaﬁegnélgnalcr ystal .
The naster divider @igg 8Eotﬂces an out ut si

representa e one or re p etermlned communications
services established;
15 receiver means for rece1v1ng the protocol signal and the

service signal; and ,
electromagnetic radiation response means for responding to
the protocol signal and the service signal by configuring the
radio frequency circuit means to respond to radio frequency
20 signals in compliance with the one or-'more predetermined
communications protocols and the one or more predetermined
communications services.

8. The apparatus of claim 7, wherein the radio frequency

25 circuit means is a radio frequency receiver adapted to receive
the electromagnetic radiation, the apparatus further comprising
signal production means for producing signals for the user in
compliance with at least one of the one or more predetermined
communications protocols and with at least one of the one or

30 more predetermined communications services.

9. The method of claim 7, wherein the radioc frequency circuit
means ‘is a radio frequency transmitter adapted to transmit the
electromagnetic radiation, the apparatus further comprising

35 signal transmitter means for transmitting the electromagnetic
radiation in compliance with at least one of the one or more
predetermined communications protocols and with at least one of
the one or more predgtermined communications services.
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D | 25~



Is sent to a timer reference 714. The output of the tiner ,@Q ' S
sent to a register _and interrupt control device 716, V\/nic]FfE ﬁg@B&%

interrupt & ﬁéﬁ%“¥o a user interface through a 35 control circuit 718 and
also to a bus control circuit 720. The control .circuit 718 and the bus
control circuit 720 al so “conmmuni cate with one another. The bus control
circuit 720 al so sends i nterr-upt signaﬂéZQO an alert generation and
cont rol circuit 722. The register and interrupt control device 716 al so
-12- WO 97/ 50202

PCT/ US97/ 09985 send regi ster signals to the RAM control l er 708, .
permtting the RAM control circuiy 708 to communi cate with a RAM 724.

The bus control circuit 7 al so ds control signals to an EEPROM
controller 726, which control s3gn el ecyrically-erasable 5 programmble
read-only nmenory (EEPROM) 727 and al so \receives a reset signal froma

reset set-up circuit 728. The EERSQM ) .

et
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controll er 726 al so receives synchronization signals froma
synchroniza&hppw&k&fuit 730. The output of the decoding
706 is sent to a receiver control

POCSAG
o RCTEIAOPBB| er

devi ce 732 10 which enabl es the receiver

to which it is connected. Figure 9 i? éﬁdiagran1of the architecture
of the other version of the second prefe ( enbodi nent of the
i nventi on. This version 800 of the second preferred enbodi nent of the

invention is a digital version. Electromagnetic signals received 15 by an
antenna 802 are sent to a RF device 804 which comuni cation with a FPGA
806 over a bi-directional |ink 808. The RF device 804 transmits an

out put to a POCSAG RF i nternmedi ate frequency device 810 which, in turn,
transmts its _out put to a POCSAG baseband device 812. The FPGA 806 20
comuni cates over a bi-directional line 814 with a signal processor
816. The FPGA 806 al so conmuni cates over a bi- directional |ine 818
with a digital signal processor (DSP) circuit 820. The signal " processor
816 al so receives inputs from a keypad 822 and transmits output signals
to a display 8%9. The 25 sktgnal processor_816 fWther exchapges signals
with another = configuredl FPGAS826 ovgr al-c-ti -firectional & ne 828. The

ot her conf ihured FPGASB26 al &®,recei ves=ang transmts st gnal s from and

to 1/ 0 devi ces30. The oﬁ@er coﬁ!ng@e SEPeA 826 communjat es over a
bi-directiona|3irér832 mﬁ[‘a | ANpdeE §34, which c
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30 be connected to an appropriately equipped device such as ok
ai e

per sonal o2 PO) . Figure 10 is a functional
dlagran1ofqﬁ§e5§ﬁﬁrd preferred enbodi-ment of the inventlon, and Figure
11 is a functional block diagram of the t3yeed preferred enbodi nent of
35 the invention. This third preferred enbodi nent of the invention S
particularly useful with an apparatus that uses GVSK nodul ati on
(bandwi dt h-time product of 0.5) in a receive frequency range of 935-941
MHz and a transmt frequency range of 869 902 VHz . The th|r preferred
enbodi nent has channel spacing . 3. -1
WO 97/ 50202 ps B35 234 s PCT/U89 09§§5 o 12.5
kHz. The raw data &@tg for tﬁeg t"huid eferred . .**-.enbodi | ps and
features a packet-§§' Sm SSi f ox mat conﬁ]glgg f?v'%ggth r§thg X 25 or
HDLC protocols. Thed*rmaxi mum {} {} : a:.: ig -3
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ceeeeed
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packet length is 512 bytes. The receiver portion of the third 5 preferred
enbodi nent Ggyoloh@oedeaventi on has a sensitivity of -107 dBm pdigisb/evessn t
power for the third preferred enbodinent is 0.6 W As shown in
Figure 10, the enbodi nent 900 receives el ectromagneti c signals from an
antenna 902, which transducts 10 the si-gnal #/28d sends themto a radio
frequency receiver 904. The receiver 904 sends its output to a
denodul at or 906. The denodul ator 906 is part of a feedback | oop '
including the circuit 908, whi ch provides automatic gain control (AGO,
automati c frequency control (AFC), timng and synchroni zation signals
to 15 control the denodul ator 906. The denodul ator 906 al so produces a
digital scranbled signal that is sent to a descranbler circuit 910. The
out put of the descrambler circuit 910 is next transmtted to a bit
interleaving circuit 912 to process the digital signal. The processed
signal s produced by the bit 20 interleaving circuyt 912 are sent to a
channel decoding circuit 914, and then to a pack¢t disaspenbler circuit
916, thereby produci ng the correspondi ng dataVbquuL he signal s
originally received by the antenna 902. Chxiréasﬁgt t he
enbodi nent 900 receives data input in a 25 packet as;eﬁilgg Circuit 920.
After assenbly, the packets are transmtted to ajcBAmael| encoder 922
and then bit-kpterleaved by e —_— —
2 o
o \\\~
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a circuit 924. The bit-interleaved signals are then scranbled in
scranbl er 9280 sidedsat ed in a GVBK nodul ator 928 and then sent PCT’USP'U"%”S
radio frequency transmtter 930 for transm ssion through 30 the antenna

932. In the functional view of FiguFZ the third enbodi nent
900 includes a digital circuit 1002 that" inc es timng circuitry 1004
and a mail box 1006. The digital circuit 1002 is controlled by a
controller 1008. The digital circuit 1002 al so 35 conmunicates with a
signal processing circuit 1010, which - processes particul ar signa
processi ng tasks. The digital circuit 1002 transmts AGC adjust and
ot her control signals. It further transmts digital signals that are
converted to anal og signals by DA devices 1012 and 1014, respectively"
produci ng -14- WO
97/ 50202 _ PCT/ 1JS97/.099858
8
25
0 we o
@_ ZSEz
===
<=XTS
EZNO
\ oCwk
O30
A\ T %
e N
) N\
*‘Eiz <l \| B % \J\\
o |QEQ e = & ~
o =z S S > =
< 552§ - 2 ] W Qi)
\JE8g [~ 2 o = —
=gs £
22 2 (.
"3 3 o &\ -
q—
R~ 1 T |
[ '
o= z|25 \ 25
x SE =
= = I e
E 5%
o= ]
o -4
& A BE A —
VAL 2
gz T
3]
12}
| Fé
2

RFINPUT
FROM FILTER




direct and quadrature signals for use by other circuitry. On receive,

the digital G&ghkdred002 receives di rect and quadrature S| B89 /69958
ot her circuitry. e received signals are processed by A/ D devices
1016 and 1018 and then sent to the digital 5 circuit 1002 for further

pr ocessi ng. Figure 12 is a functiogglg bl ock di agram of the
transmtter portion of the third preferreg enbodi nent of the

i nvention, and _Figure 13 is a functional distribution diagram of the
receiver portion of the third preferred enbodi nent of the invention.
10 As shown in Figure 12, the third preferred enbodi nent 1100
receives data to be transnmitted and conbines it with header

information in an adder 1102. The out put of the adder 1102 is t hen
encoded in accordance with a Hamm ng code (in encoding circuit 1104).
The encoded data is then passed through two banks 15 of |ow pass filters
1106 and 1108. The outpgs of the respective banks of | ow pass filters
are sent to a feed backy] oop that the Hutputs to transformed versions

of the output to produce\EUI putr Si gn§lj. The out put signals are
produced after their phasy ig& reduce 30 a 360 degree range, and the
f edback signals are 20 proc@&d Loy I,[a@&gm ng the phase inwWghmation
signals. The out pt—di g8J S Lﬁmgs&rﬁ' hase shifts and are converted
to their direct (feall) Q@ quadrat ur®3i magi nary) conponents by
trigononetric functiong. These c¢nponents &e based on a 1.0%
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MHz frequency. 25 As shown in Figure 13, third preferred enbodi nent
1100 re‘?@%fsgzﬂi rect and quadrature signals at 1.024 Miz. PCE&XSA7/09985
signals are then decimated in a decimation circuit 1120. Their
differences are determined in the difference circuit. 1122. The

originally-received signals are m xed wi-th tRhghg deci mated 30
counterparts to produce output signals fromthe m xer 1124. The out put
signals fromthe m xer 1124 are sent to timng and cl ock recovery
circuitry 1126 and also to a correlator 1128. The out put of the timng
and clock recovery circuitry 1126 is decoded by a slicer 1130. A
controller 1132 processes the signal 35 output fromthe correlator 1128 to
detect the franes in the originally received digital data. The
controller 1132 al so processes the output signals fromthe slicer 1130
and produces error control data therefrom -
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WO 97/50202 PCT/ US97/ 09985
i,onal

Figure 14 is f bl ock di agram of the fourth prefe :
enbodi nment cﬁdhpﬁgﬂﬁﬁeention, Figure 15 is a further functio%gﬁﬂg?gg 5
di agram of the fourth preferred enbodi nent of the invention, and Figure
16 is a functional distribution 5 diagramof the fourth preferred

enbodi nent of the invention. This fourth pBé2®rred enbodi ment of the

i nvention is particularly useful with an apparatus that uses GVBK

nodul ati on (bandwi dt h-time product of 0.3) in a receive frequency range
of 1850-1910 MHz and a transmt frequency range of 1930-1990 MHz. 10
The fourth preferred enbodi ment has channel spacing and I F bandwi dt h of
'200-kHz, with speech coding of 13 kbps. The raw data rate for the
fourth preferred enbodi ment is 270. 833 kbps and features a TDVA -
transm ssion format (8 slots). The tinme slot | ength is 577 [err]s and
the-time frame length is 4.615 [err]s. The .15 receiver portion of the

707

fourth preferred embodi rf&nt the i nvent{gn hasra sensitivity of~; 110
dBm The transnit power For the fhird preferred ambodi nent is O.
- The data support rate NS Q.g‘;l‘},gpg; AS show{N n Figure 14, the
enbodi nent 1300 receives ox ‘ .
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20

denodul at or and equal i zer
frequency control (AFC), timng and
t he denodul at or and equal i zer
al so produces a digital

denul tiplexor circuit 1310.

scranbl ed signa
The out put of the denultiplexor circuit

el ectromagnetic signals froman antenna 1302, which transducts

signal s and sepdasgogm to a radi o frequency receiver
904 sends its output to a denodul ator and equalizer
1306 is part of a feedback

circuit 1308, which provides automatic gain 25

t he

1304. POTRUSI708985C 1
1306. The
) | oop including the
control (AGC), automatic

synchg/g8 zation signals to control

1306. The denodul ator and equal i zer
t hat

1306
is sent to a

1310 is next sent to a 30 decryption circuit 1312. The output of the

decryption circuit
circuit 1314 to
produced by the bit interl eavi
decodi ng circuit 1316, and the
35 thereby producing the correspond]
originally received by the antenna 1
enbodi nent 1300,r ecei ves anal og voi ce

process the digital

1310 is next transmtted to a bit
si gnal .

cfrourt]

i nterl eavi ng
The processed signals
1314 are sent to a cha
speech decoder circuit
out put of the signals
On transmt, the
inaAD speech codgl_:)

318,

circuit 1320. Affer coding, the output o. ——
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WO 97/ 50202 PCT/ US97/ 09985
signal s are ywpaampaert €d to a channel encoder 1322 and then bitpcT/Us97/09985

interleaved by a circuit 1324. The bit-interl eaved signals are t hen
encrypted in a encrypter 1326, nultipl exed i10/29mul tipl ex 1328,
nmodul ated in a GVBK nodul at g\ 1330\and t-hen sent’ to a 5 radio frequency
transmtter 1332 for transm sg,on tirough &he ant enna 1334. I n
the functional view of Figurg\l5, thke four@h enbodi prent 1300 includes a
digital circuit 1402 tHhat.J des ci rcu;btry 1404 and a mai | box
1406. The digital circuit I sf 10 \?ﬁed bP"a coftTor? r 1408. The
digital circuit 140 | so ni ca es h a §| gnal JprocedsisBg circuit
1410, which proc&sses paticuf ar signal acessLng t dsksg, The digital
circuit 1402 transm t s\AFC, GC a[dj ust .and _c} hegr cdBt rlol Ssifgnals. It
further trlinspits digital sijgfars t are copvert®@ 15 |to=anal og signals
by DA devidcles d41p dnd 14%4, resp@t Vel Y i - =
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- —— " m 31
NEblaEs 2E|| 28 2 %
(e - — 2} np & - o~
i~ = C = = — k= o
s | |OE||SE =
> <
=
T O £
=2E | 2 < = =
= =2 d ) = D
=] -
N U 'E — 's —
c —_ - am -
= < 22 L EF :
& — com
- 'C_.D (_) a:—: N w
5_ .= (A U .E Jr— =n
== &= 5 | 2.8 |
O S| - < £ S| EE| —
| S NE S
| 12 E os
/| =
. %
S o
_—
S|4 9 5
S 2 IS Tle =
= @ \J © -
- = , 5
S5 3
£= 2
T o e
s = |
S = =
= .= % = =
T = =
e
-_—



producing direct and quadrature signals for use by other circuitry. On
receive, thewgh@jsebzcircuit 1402 receives direct and quadrawse7/09985
signals fromother circuitry. The received . signals are processed by A/D
devi ces 1416 and 1418 and then sent 20 to the digital circuit 1402 for
further processing. Further, the si gnal Qm&essi ng circuit 1410
transmts and receives audio signals to rom an audi o codec circuit
1420. The audi o codec circuit 1420 receives and transmts signals from
and to a headset worn by a user of the communication system 25 In
the functional view of Figure 16, the fourth enbodi nent 1300
alternatively includes a digital circuit 1502 (in the form of a FPGA)
that includes timng circuftry 1504 and a mail box ToJ6. Tne argntal
circuit 1502 is contrdPl edfby a2 m crocontrdl | §r 1508 the
m crocontrol | er 1508 r&cei /es§| gnpl s 30 and fat 3 fram@n FPGA 151 that
transmts signals to arﬂ\f oms S| M and PCMCI ports—_—, 12 and 1514,
respectively. The digital Fircuit 1502 al so muEPRtes with aldi gital
si gnal processing circpit 2516, which processqs pﬁﬂ'cul ar signg
processi ng tasks. The &tg+ted—circuit 1502 t r aasH-ts~Acc—aei-usttand

ot her 35 conéj[lol signals. It ther transmts digital /s"l\gnal s that are
converted to al og signals DA devices 1518 and 157 N ‘respectively
producing dir&t and quadratyre <|gnals for use by pt hef circuitry. On
recei ve, the dl\&tal circuit |1504 receives
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direct and quadrature signals fromother circuitry. The received

-17- wo 97/58862 97/ 50202 PCT/US97/09985
PCT/ US97/ 09985 signals are processed by A/D devices 1522 and 1524 and
t hen sent to the digital circuit 1502 foq {égthEI processi ng. Further,
t he signal processing circuit 1516 transn? S and receives audio
signals to and froman audi o codec circuit 1526. The audio codec 5 circuit
1526 receives and transmts signals fromand to a headset worn by a
user of the communication system and can be ntegrated into an FPGA.
Figure 17 is a functional distributign diagram t he transmtter
portion of a first version of the foMttr preferigd 10 e di@ént of the
invention, and Figure 18 is a functignal gyg%ributiggfdiagran1of t he
recei ver portion of a first version of th&tourth prgferred enbodi nent
of . the invention.
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The first version 1600 of the fourth preferred enbodi nent of t he

i nvention i ncweasso2t ransmt buffer 1602 which receives 15 di gPCRIUS7/08%85 S
froman encoder (not shown). The outputs of the transmt buffer 1602
are transmtted to two sets of | ow pass filters 1604 and 1606,
respectively. The two sets of low pass - filBf29s 1604 and 1606 can take
the formof 8 by 8 tap Gaussi an "l ow pass filters. The outputs of each
of the two sets of |low 20 pass filters 1604 and 1606 are sent to a feed
back | oop that the outputs to transformed versions of the output to
produce out put signals. The output signals are produced after their

phase is reduced to a 360 degree range, and the fedback signals are

produced by transform ng the phase—rfermaiion-signal s, The 25 out put
direct (real)

signals represent phase shiftjs and are converted to their
and quadrature (inmaginary) cqgnponents by 1 ctrigononetrifc functions. These

conponents are based on a 1. (24 MHz fréggency. The dijrec® and
ted to an.out put BUf f er 1608,

guadr ature conponents are next transm

whose out puts are sanpled 30 zit 0 produe® di g-t’al—signal s that
are converted by two DA 1618 hnd 1612. The out puts of the

two DA converters 1610 shgm transnEtted to a conventiona
| / Q nodul at or. As s r@@S |/ Q ghgnals are received by
a 35 receiver sanple buffer i ef to receivp data at
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rate of 2.1664 MHz. The outputs fromthe receiver sanple buffer
are then tranRggiokisemzt 0 a conpl ex correlator 1704, which
sanpl e correl ati ons,

1702

pepERIUSH7/89885

using a training pattern recei ved froma nenory

1706. Any timng adjustnents are derived

-18-

PCT/ US97/ 09985
t he dat a.
filter

conpl ex correl ator
out put of the matched filt

out-put

WO 97/ 50202 14/29
fromthe operation of the conplex correlator 1704 on
These adjustnents are sent to the FPGA for use. A natched
1708 receives outputs fromthe receiver sanple buffer 1702, the
1704, and an LMS coefficient update circuit 5 1710. The
1708 is sent to a m xer 1712, whose

is sent to a conven%ional A- conput agi on circuit 1714 and a

decoder circuit 1716. The o&dtfput of the o decoder cigpuit 1716 is sent to
a decode devi ce (not shown) \and o\ ™
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also to a reconstruct circuit 1720. The output of the 10 reconstruct
circuit 1720wicsomsapé2 t o a phase calculation circuit 1724 arGTIUS97/0998Hut
is sent to the LMS coefficient update circuit 1710 and to a Viterb
adaptation circuit 1722, as well as to the 1gi/zer.1712. Fi gure
19 is a first functional distribution diragramof a 15 second version of the
fourth preferred enbodi nent of the i nvention, and,Figure 20 is a second
functional distribution di agram of a second versi of the fourth
preferred enbodi nent of the invention. Figure 21 ¥s a timng diagram
relating to a porgion of the fourth preferred enbodgi nent of the
i nvention. 20 A%gsh wn 1n Hgure 19, the s f of the
fourth preferred of t ~nventi o incldﬁbs a codec {1802

whi ch receives audio nangfron1a he@adset (noff show#. The  gutput of
the codec 1802 is sanpl gd atE 8 KK sent to 4 fr&nd buffer |1804. The
output of the frame buffler EB04 |i héh |25 tran mtee@to a vocodg¢r 1806
and next 4oded by a coddr 18DS. Xt the bi{s Fo8uced by the|coder

1808;m13§@0rdered in a der circuit 1810—Depending upon the cl ass

of the digital i nf or mt o _produced by the reorder,/Arcuit [L§10, the
data are ~_encoded in cd@li ngfcircuitry 1812 whi ch ificl udes a fsymer 1814,
30 whose outp is sent tojan {nterleaving RAM 1816. [The i Nt grl eavi ng

RAM 1816 al so receives enc¢pded|informati on and

|40

\

S\~
;.%_" és
= —
L\
E T
3]
70
> - R
(8] .
5‘5 .“-:é‘J § __D_ on g -
0| 8§ 85 vy I | =y g8
I = LA N\ 3 28l §
5| © g < fl< allal [E3 =
~ -~ -~ ~ <UE
Bl < < a8 <| (< S
E | A 3
& )) f\l i (=
Y Yy * 4,* \‘ ‘ L
& o
2~ © - o3
O g &
220 S =



frame stealing bits and produces yet another encoded stream of
i nfor mat i ong\WYsaead2S Presented to an encryption circuit 1818. PCT/USPWQ9985
encryption circurt 1818 operates in connectiofppmigth a key, 35 is defined in

a packet with a synchronization ward in an adder . circuit 1820, and then
transmtted to an output buffer 1822, - before it is transmtted.
-19- WO P7750202 <

a &-econd functional distribution
)f the fourt#h preferred enbodi nent of

PCT/ US97/ 09985 % Regur B 20 &
di agram of a secpnd Wer sformriL

t he i nvention.\Bhta @re fece froma recefyer (not shown) and
sent to a buffer 190R__The ajn the buffer 1902 are then sent 5 to a
de-interl eaving RAM 1904|whi ch p ouucei a signal i ch
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activates a parity check circuit 1906, sends data to a buffer
al so to a reowogarsbzd2zs circuit 1910. The data fromthe
transmtted to a host, and the output fromthe reor der
1910 is transmtted to a coded speech 10
coded speech circuit 1912 is transm tted t1@/29 vocoder
a franme buffer 1916. Fromthe frane buffer 1916,
codec circuit
Figure 21 shows the functiona
includes five fields. Beginning and ending fields
each 4 units long, tw data fields 2006 and
and a sync field 2010 is 26 units | ong.
architectural block diagramrelating to a 20
preferred enbodi nent of the
bl ock di agram rePating

recei ver portion of

to an antenna and filter array portion

fifth preferred E% enbodi ment of the invention. Figure 24 is an
architectural blagck diagramrelating to& transmitter portion

enbodi ment of the inveni on, and Figure 25 is
archi tectural bNock diagramrel ati toé? recei ver portion of
preferred enbodi nent Mf the invention. Eachaf these di agrans
understood by those skilled in the reIew<:t:nrtss~
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bits circuit
circuit 1912. The output fromthe
1914 and then to
the data is sent to a
1918 and then transmtted to a headset (not shown).
formof a packet of data. A 15 packet 2000
2002 and 2004 are
2008 are both 58 units |ong
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Figure 26 is a first plan view of the architecture of the 30 version of

t he second pywefesezed enbodi nent of the invention shown i n PCEUISR7/09985
Figure 27 is a second plan view of the architecture of the version of
t he second preferred enbodi nent of the invention shown in Figure 9.
Figure 28 is a third plan view of the aréﬁ?@%cture of the version of
the second preferred 35 enbodi nent of the invention shown in Figure 9.
Each of these diagrams will be understood by those skilled in the

rel evant arts. ' - 20-

WO 97/ 50202 PCT/ US97/ 09985

Figure 29 is a table showi ng antici pated nodes of operation of the

first, second, third, fourth and figfth' enbodi nents of the
. -~

&

[65®

0
o

reconstruct jé6—

: 3
=1 =
- gl .
= =3 |
o B Eh
iR v M EL
\,g - Al\ ot
- N
N\ £ = 2
C0 - .-l; -2 P
£ Sl _ B 2
Tl = 2 = 2T
£ 2 £ 3 — o=
2=
o o
™ L
T T
&
Q 5
s} /)R 35
T =0
s 9
- 38
E =
- ']"{
=4
=
o~
"n\}
[
i & ¢



i nventi on.
vari ous
Digital signal

wher ever possi bl e.
chi ps used are taken at every

enbodi nents. This power
to control power
controller

packeti zati on whenever possible,

i nterface,

Wher ever possible, the controller code used wth the

5 pWEX ¥¥502@2 enbodi nents is procured from of -t he-shel f POIUSO209985
controller

processing (DSP) functions are noved to a
managenent facilities of

unity with the various

The field progranmmabl e gat

anal og-t oxgli gi t al

(AND a

§

The advant ages of the power
reasonabl e o
10 managenent can further take the form of nodul es

consunption in other parts of the system The
t akes advant age of

general ly contains state machi nes,
and has a wel | -desi gned user
using the skills known to those who are skilled in 15 the art.
arrays (FPGAs) use over-sanpl ed
digital-to-analog (D/A) conversion

el

i ng

[err]-[er techni ques. < The system al so has a direct nenory access
for transte&r oi\%g data wiTh the digital signal processin&fcircuit 0f~t he
system In t preferrey enbodiinents, a | A 1/ O devpce can bg ysed.
Anong the purposes for the aNal o dwar e us¢d in aQy of <1 the p red
enbodi nents shown in the Figures factorsfare gSpt de hi gh_power
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25 life), to provide w de dynamc r'.ange, and to pr ovi de excel | ent

adj acent chapyghsg¥eg i nternodul ation rejection. ~In t RCHYPRPES
the DSP function can be provided by an ADI 2181 chip, operating at 33
M Ps (at the current maximum cl ock rate). If a vocoder is desired, it
can operate at 3.3 MPs. 30 Mbdem functions zgpéz?)r ovi ded at. not greater
than 20 M Ps. The har dwar e enbodi nent can be designed to be easy to
program and has a good power consunption profile. The controller in
t he har dware can be a Hitachi H8 chip, which features | ow power
consunption and an avail able code. The use of field programuable 35 gate
arrays (FPGAs) delivers the required functionality while al so having a
good power consunption profile. The hardware conponents are readily
avai | abl e from common comercial sources, including Xilinx 3042L-125
FPGAs, and an Anal og Devi ces ADSP2181 Q
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WO 97/ 50202 PCT/U897/09985 DSO
chip. Static waM7(s8202M can have a capacity of 128 kbytes. POPIUSHI/NGIES
battery capacity is 1300 mAH. The power consunption that results in
transm ssi on of 0.6W RF energy is 1.5 Wfor an anal og system For a
digital system 5 the FPGAs consunme 70.nW tI24/BB m crocontroller consunes

| 75 MWy and the DSP consunes 80 mW In the standard voi ce node, the
battery life is 3 hours talk tine and 18 hours standby tinme. In t he
pager wake-up node, the battery will work for one nonth (with 8 short

transactions/day, 5 days/week). Tinme to switch 10 fromone service to
another is currently 31 ns. Wiile the foregoing is a detailed
description of the . preferred enbodi rent of the invention, there are
many al ternative enbodinents of the invention that would occur to
those skilled in the art and which are within the scope of the 15 present

i nventi on. S;
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any one or nore of a plurality of predeterm ned comunications

services, the nethod conprising the steps of: a) prowﬂﬁﬁﬁﬁ%mwgﬁ()
frequency cWQPI$020% b) establishing the one or nore predeternined
communi cat i ons protocol s; c) ge i ng a protocol signa
representative of the one or nore predet ned conmuni cati ons

prot ocol s established,; d) -establishing the one or nore

pr edet er mi ned conmuni cations 10 services; e) generating a service
signal representative of the one or nore predeterm ned conmuni cations
servi ces established; f) receiving the protocol signal and the
service signal; and g) responding to the protocol signal and the
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comuni cations protocols and the one or nore predeternined

communi cat i ONgO 9WE020EES. 8. The apparatus of claim7, wWREFEUSITORBS
radio frequency 25 circuit nmeans is a radio frequency receiver adapted to
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