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This invention relates generally to wireless
communication devices. More particularly, the invention
relates to wireless portable phones supporting
transmission and reception of data, fax, and voice
signals. |

d of the TInventi

Mobile wireless communication of analog voice
signals was initially carried by half duplex radio
systenms. citizens Band radio, one type of mobile
wireless radio, uses amplitude modulation (AM) upon a
carrier frequency to transmit or receive voice signals in
a half duplex manner. Othex mobile wireless radios used
frequency modulation (¥M) within a given carrier

- frequency range in order to transmit or receive voice

signals, half duplex, achiaving improved noise
characteristics. These mobile wireless radios allowed a
user to move within a given radius of antennas. A
disadvantage to these systems was that once a user was

beyond a cartain range of a given base antenna, the radio

channel for a given carrier freguency was inoperative.
Another disadvantage was that wireless lialf duplex voice
communication was unacceptable _ \1:,0 most consumers. ‘The
consumer wanted a wireless duplex voice communication
system similar to his or her wired home telephona.,

_ In the 1980’5, mobile wireless duplex voice
communication was introduced into the marketplace by
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using an anaiog FM based cellular radio. This analog
cellular system foxr mobile wireless duplex voice

. transmission was called “*Advanced Mobile Phone Service"

(AMPS). Introduced by ATAT, the AMPS cellular network
usea the FCC agssigned carrier frequency range of 800 to
900 MHz. AMPS automobile cellular units were £irst
permanently attached to the user’s coar. Automobile
cellular units transmitted voice signals to a cellular

. base station within a given cell using one watt of power.

Hand-held cellular units using battery power supplies
ware later introduced and transmitted voice signals to a
cellular base station within a given cell using one
quarter watt of transmit power. Because hand held
cellular units operated from a battery power supply, the

 powar consumed by the cellular phones became cxritical.

When a cellulaxr phone is powered on and waiting to
receive a phone call, it is in a stand-by mode consuming
less power than in an active mode., However, when the
hand held unit is in a stand-by mode, it constantly
listens for its registration number in order to become
active and receive a phone call, Tha stand-by mode,
although lower in power than the active communication
mode, continuously uses a considerable amount of power.

It is desirable to further decrease the amount of power

used in the stand-by mode in order to further increase
the time the cellular unit requires for recharging or
replacing batteries.

The human analog voice was the initial signal that
the AMPS system was designed to communicate. The AMPS

system was optimized for carrying as many analog voice

signals within a given bandwidth of a channel as
possible. NMobllity of the cellular telephone using low
power mobile units, FM modulation, and the higher carrier
frequency range (800 MHe-900 MHz) is achieved through a
cell'\i_l'ar _arrangemexit of antennas whareby a user’s signal
is handed off to the next cell site as he moves into a
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different cell area., This cellular handoff can cause a
temporary loss in transmission or reception. However,
temporarily losing a voice signal is not eritical because
a2 user knows when thare is a signal loss and can
retransmit the voice information. However, signal loss,
even though témpora:y, poses special problems for
transmission of digital data. Some other AMPS mobile

- cellular problems cavsing a loss in a volce signal are

fading signal st.renqth, reflections, Rayleigh fading, and
cellular dead spots.

The availability of portable computers naturally led
to the desire to transmit digital data via wireless £rom
a remote location. Presently, the AMPS voice cellular
system 18 being used to transmit digital data in the form
of Circuit Switched Cellular Data across AMPS carrier
channels. Raw {baseband) digital data is converted so
that it can be transmitted and received across the analog
AMPS system. One disadvantage to using the AMPS system
is that a narrow channel bandwidth and errors in
transmission limits the baud rate of transmitting and
recelving digital data. 2Another disadvantage of using
AMPS to communicate digital data is that movement. of the
subscriber unit may canse a cellular handoff to ocour,

_ thus causing a loss of the digitally transmitted or

received information. loss of digital data may corrupt
a data file such that it is useless. Other losses of the
raw digital data may be caused by other problems of the
AMPS mobile cellular system.

Another wirelass communication device {s a pager.
Most pagers use simplex or one way communication
receiving only a limited amount of information such as a
telephone number. Most pagers only display information
to a user on demand and perxform no other function.

. Becausa ~only one way communication is required, an

acknowledgemént is not returned by the pager to the
original sender. In many cases it is desirable that a
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sending party receive an acknowledgement minimally,
telling him that his page message was received. In scme
cagses it may be appropriate to respond by leaving a
return page message. A disadvantage of present paging
gystems is that acknowledgment and return pages are not
widely available because simplex paging is wmore
comnercialized than other paging modes. Ancther
disadvantage of present pegers is that a displayed
telephons number is not automatically and electronically
dialed directly on a telephona.' A user reads the
telephone number from a pager's display and manually
dials the number on a telephone in order to contact the
paging party. It is desirable that a wireless pager have
the capability of automatically dialing a zeceived
telephone number on a wireless cellular telephone via
electronic means, thus integrating the features of a
wireless cellular telephone with that of a duplex pager.

A wired product that is presently popular is high
speed fax-modems. FPax-modem hardware and firmware in
conjunction with fax and data communication application
software have the capability of sending digital data over
various modem protocols as waell as sending facsimile data -
by using the various facsimile protocols. PFax or data
communication application software may operate on
different hardware such as home or portable computer,
personal communicator, personal digital assistant, or
other electronic devices. Examples of modem protocols
for standaxd modulated data are CCITT V. 22bis, CCITT V.
23, CCITT V.32, Belll03, and Bell2l2a. Modem protocols
that include error comtrol include CCITT V.42, MNP2,
MNP3, MNP4, and MNP10. Modem protocols that provide data
compression are CCITT V. 42bis and MNPS. Facsimile
protocols include CCITT V.21, CCITT V.27texr, CCITT V.29,
CCITT T.4, CCITP T.30, CCITT T.35, Class I~BIA/TIA 578,

~ Class I-EIA 592, &nd Class II~EIA 578-5P2188. A fax-

nmodem accepts raw (baseband) digital data £rom an
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electronic device over an internal data bus or external
R8~232 port. Raw digital data is converted and modulated
into data of a given protocol for transmission onto a
standard telephone line, Data received from the
telephone line can be converted from the modulated form
into raw digital data that can be interpreted by the
hardware, firmware and application software.

‘A disadvantage of present fax-modems is that most .
require a wire connection to a téléphone line. Present
methods of providing wireless capability for a fax-modem
take the modulated analog modem output sighal from a fax-
modem and input this into an AMPS convexsion unit. fThe
AMPS conversion wunit converts and modulates the
tranamitted analog modem output signal into a different
analog form for transmission onto the AMPS network The
analog modem cutput signal is converted into what is
called Circuit Switched Cellular Data. Received AMPS
signals can be converted from Circuit Switched Cellular
Data by the AMPS conversion unit into analog modem input
signals that the fax-modem can receive. Presently, fax~
modems do not directly convert and modulate raw digital
data into an analog signal for transmission onto the AMPS
cellular network. A disadvantage to present methods of
providing wireless fax-modem capability is that it
requires additional devices to send or receive fax and
digital data over the AMPS cellular network. Another
disadvantage is that more power is necessary for
additional components, such as the AMPS conversion unit.
Another disadvantage is that a user must carry the
portable computer, fax-modem, and AMPS conversion unit to
provide wireless fax-modem capability. It is desirable
to incorporate a fax-modem and AMPS conversion unit into
one unit providing the capability of sending Circuit
Switched Cellular Data across the AMPS network.

A disadvantage to using Circuit Switched Cellulaxr
Data communication across AMPS is that it requires that
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the mobile unit be stationary to avoid losing data from
fading or cellular handoff associated with a non-
stationary mobile AMPS communicatiom. Thus, a mobilae
unit should avoid being moved even slightly when
performing communication of Circuit Switched Cellular
Data vsing the AMPS network.

Heratofore, providing efficient wireless
transmission of both wvoice and data eignals into one

~emall hand held integrated package has been difficult.

Furthermore, it is difficult to integrate the features of
AMPE voice transmission with applications such as data
transmission, electronic mail, duplex paging and provide
a Cirouit Switched Cellular Data interface such as a
wireless fax-modem into a single hand held battery
operated wireless unit. Purther, the integration of
these features into a single hand held unit has not been
possible because of the unavailability of the underlying
electronic components and application software required
to integrate all these features into a single hand held
unit. ‘It is dosirable to integrate AMPS voice
communication and a data communication mode when moving
between cell sites, as well as providing the capability
of providing Circuit Switched Cellular Data Communication
into one integrated hand-held uwnit.

Brief Summary of the Invention

An object of the present invention is to combine the
capabilities of a voice cellular telephone, pager, and
wireless fax-modem into one integrated battery operated
hand held unit.

Still a further object of the present invention is
to reduce the standby power comsumption of a cellular
telephone guch that continuous operating capacity of the
battery of a cellular telephone is increased. '
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Another object of the present invention is to
achieve mobility in the transmission of digital and
facsinmile information without incurring errors.

Still a furthexr object of the present invention is
to integrate a paging system into an analog cellular
telephona system. ~

Yet another object of the present invention is to
facilitate automatic call-back on a mobile communication

terminal in an analog cellular. telephone system in

response to a paging signal.

The aforementioned objects are carried out by a
portable radio telesphone handset of the prasent
invention, including means for communicating in an analog
cellular mode, means for communicating in a Cellular
Digital Packet Data (CDPD) mode and means for selecting
between the two medes. )

Preferably, paging is carried out using the
aforementioned handset by {(a) maintaining the portable
radio telephone handset in a low-power, dormant state;
(b) periodically detecting for a paging signal on a CDPD
channel; (c) analyzing the incoming paging signal to
derive information contained therein; and (d) discrim-
inating between information in the paging signal per-
taining to a CDFD transmission and information pertaining
to an analog cellular mode transmission.

In another embodiment of the present invention, a
portable communication terminal includes a radio
frequenc_{r transceiver switchably operable in either an
analog cellular mode or a Cellular Digital Pack Data
(CDPD) mode and processor means for controlling operation '
in both the analog cellular mode and the CDPD mode. A
telephone handset is included as part of the portable
commun ication terminal to facilitate voice communication.

~ Another object of the . ‘present  invention,
accordingly, is to’ combine the capabilities of wireless
communication using analog voice signals and CDPD data
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cormunication using Circuit Switched Cellular Data oz
COPD Data, all arranged in one integrated battery
operated hand held unit,

A further cohject of the present invention is to
provide AMPS system imaging over a CDPD channel and then
automatieally dialing the received paged telephone number
weing the AMPS network so that a paged user can
communicate with the paging party. ..

Yot another object of the prasent invention is to be
able to automatically switch from communications on the
CDPD network ilnto communications uairig the AMPS network.

Yat a - further object of the present invention is to
dack a cellular handset to a portable computer, personal
digital assistant, or some other personal communications
device and provide an interface in which to transmit or
receive CDPD data from the CDPD network and communi.cates
in both AMPB voice and AMPS circuit switched cellular
data modes.

Another object of the present invention is to
provide axpansion capability for future CDPD applications
that can operate from a hand held integrated unit.

Brief Description o ings :

Fig. lis a block diagram a portable radm telephone
handset in relation to other external system elements.

Fig. 2 is a representation of the operating modes
available to the handset of the present invention when
used in the appropriate cellular telephone system.

Fig. 3 is & block diagram illustrating discrate
hardware components being included in the portable radio
telephoné handsaet,

Datailed Description og the Profgrrgd Embodiments
. One solut.ton to the aforementioned difficulties of

integra.t:..ng' portable voice and data -communications
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resides in a fnew digital wireless communication
tachnology developed to overcome some of the undesirable
effects of transmltting raw digital data over the AMPS
system. This new digital wireless communication system
and network is called Cellular Digital PYacket Data
(CDPD). The CDPD communication system shares the same
carrier frequencies assigned to the AMPS chamnels as

“indicated in Appendix I, and adheres to the standards
specified in Appendix VII. A baee unit, mobile data base '

station (MDBS), of the CDPD system utilizes an unused
channel within an AMPS cell to establish & link and
comminicate to a user’s mobile end system. The mobile
end system is a portable computer or other portable
electronic device containing a subscriber unit. An MDBS
then communicates £rom the user across a service
provider's network of wire 1lines, microwave links,
satellite links, AMPS cellular links, ox othar CDPD links
in ozder to transmit data to another mobile end systenm,
computér netwoxrk, or other non-mobile electronic system.
Within a cell area the MDBS first performs “RF sniffing”
in oxder to detect an unused AMPS channel. CDPD use of
an AMPS channel is limited to the idle time between AMPS
channel access. If an A¥PS cellulaxr unit begins
transmitting on a channel occupied by COPD, the CDPD unit
ceases transmitting on that chamel and waits unt{l the
same channel bacomes available or switches, referred to
as channel hopping, to a different available channel.
Within the CDPD network, digital data is burst mode
transmitted between a given subscriber unit (SU) within
a mobile system and a mobile data base atation (MDBS)
ueing Gaussian Minimum Shift Xeying (GMSK) modulation.
Communicating in. a burst mode fashion reduces the time
that an SU communicates with an MDRS such that other SuUs
can talk with the same MDBS. For a given data size, the
CDPD connect time is ‘reduced cons’i.dar’ably when compared
to sending digital data over the AMPS network. Presently
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the raw (b'a'seband) digital data envisioned being
transfexred across CDPD are electronic mail messages,
digital fax data, or digital data representing a network
connection such that £iles may be transferred as if
currently connected to a local area network. Other CDPD
applications are being developed such as CDPD duplex
paging. o

The CDPD subscribey mnit was designed to be inserted -

into a given computer displacing the floppy disk drive. =

The subseriber unit interfaces to the computer’s internal
data bus such that data can be transmitted ox received
across the CDPD network. In this manner electronic mail,
electronic faxes, and data files can be gent without use
of a landline system. However, it may be not economical
to transfer large digital data files using the wireless
CDPD network. In this case using a standard data modem
connected to the wired telephone system may be preferred.

A disadvantage of present portable computers is that
many are still too large and 'heavy for continuous use by
a majority of consumers, especially with cellular
handsets. Furthermore, many consumers do not require the
computing power contained in a portable computer nor
desire tu pay for such expense just to utilize the CDPD

‘network. However, the consumer may still desive to send
a limited amount of digital information through a

wireless system such as the CDPD network. In other cases
it may be desirable to share a subscriber unit amongst
company émployeas such that only the employee on travel
requires the subscriber unit. .

Intarchanging a CDPD subscriber unit from one
persons portable computer to anothex’s portable computer
is difficult. It is preferable that a user he able to
easily interface a portable computer or other electronic
device to a form of CDOPD subscriber unit <for
communication acroks the CDED network.
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Integration of cellular voice communication and data
commmication is facilitated by the device of Fig. 1
illustrating a  block diagram of the portable
communication - texminal handset 100 of the present
invention. In most raspects this portable communication
terminal is similar to conventional portable radio
talephone handsets in that it includes a radio frequency
m_odulé 102 having at least one radio fraguency

- transceiver., The radio frequency transceiver uses a main

antenna 104 for both receiving and transmitting the
varfous types of s=signals handled by the portable
termiral, such as Advaanced Mobile Phone System (AMPS)
data (circuit switched cellular data) communication, AMDS
voice communication and CDED communication. A diversity
antenna 106 is used as a backup to maintain reception
under certain adverse conditions, A telephone type
handset 112 is wused to facilitate AMPS voice
comwanication.

The portable terminal can also be patched into a
local public switch telephone network (PSTN) by way of a
digital-analog accees interface (DAA) connected to the
radio control processor 108. This processor along with

control processor and modem 109 divides the various -

control functions of the portable terminal including call

“setup, high lavel protocol, low level protocol, power

adjustment, modem operation and data transfer between an
external host computer. To facilitate ease of subscriber
use, the host computer can ba a personal computer (PC) ox
personal digital assistant (PDA) or other electronic
device. The connection hardware of the portable terminal
is of a standard type normally used with PC external
connectors. | ‘

One key difference between the portable terminal of
the present invention and conventional cellular handsets -
and data terxminals is the capabilii:y of the ¢two
processors 108, 109 to control the 'RF module for
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communication in both the AMPS mode and the CDPD mode.
The RF module 102 is both automatically and manually
controlled to operate either in the CDPD mode or the AMPS
mode in a manner consistent with the interrelation
between the AMPS system and the CDPD system, as indicated
in Appendices I and VII. |

The CDPD network is designed to operate as an
extension of existing data communications networks. A
CDPD network shares the transmission facilities of
existing analog cellular telephone networks, such as an
AMPS network. The CDPD mobile data base station (MDBS)
equipment is located at a cellular carrier’s cell site

and is integrated with existing AMPS base station

cellular equipment. CDFD provides a non-intrusive
packet-switched data service that shares frequency
channels with AMPS networks without impacting on AMPS
sexvice. This is done via the end-user subscribers
{analogous to the mobile subscribers in a cellular

~ system). The packetized nature of the data transmission

from the mobile subscribers allows many CDPD users to
share a common channel, accessing the channel only when
they have data to send and otherwise leaving it available
to other CDFD users. For users whose data transmission
requirements are charactérized by numerous transmissions
of short to medium duration, CDPD is a faxr more effective
mode of commnriication than circuit switched cellular data
modems. CDPDL has been adopted as a national standard by
the cellular industry and adheres to the standards
contained in the publications of Appendix II of this
application. . |

In compérison to AMPS to which the CDPD system is
appended, the infrastructure requirements of the CDPD
system are very small. The multiple access nature of the
system make_s it possible to prpvidg_ substantial CDPD

coverage to many users simultaneously with the

installation of only one CDPD radio in-a given sector.
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Unlike AMPS, which uses in-band FSK signaling to
establish ocall - connections and out-of-band (control
channel) signals to contxol the wobility, CDPD uses a
sophigticated set of in-band protocols to contrxol channel
access and mobility and to manage the transfer of data
throughout the CDPD network. These are discussed in
greater detail in Appendix I which also illustrates the
relationship between a host AMPE and an appended CDPD
network. o -

Although the CDPD system shares existing AMPS radio
frequency channels, AMPS calls are given first priority,
and they are always able to preempt the use of any
channel being used by CDED. However, this protocol is
not absolute and a cellular servica provider may decide
to dedicate one or more channels to CDOPD use. In such a
case, AMPS calls will not presmpt the channel(s) occupled
by CDPD si_.gnaling; In oxder to assign priority to
predetarmine type of signal, signal discrimination is
necessary. In a mobile data base - station (MDBS)
employing CDPD, the most common technique includes *RF
sniffing" to detect the presence or absence of AMPS
activity on any given channel. In some¢ systems, the base
station can be given channel information directly by the
AMPS equipment via a data interface. If the sniffer
finde that a channel is not in use, the MDBS may
establish a CDPI network on a particular channel by
transmitting on a forward link. The mobile end user will
acguire the forward link, register, and then begin to
transmit packets on return channels according to a
digital sense multiple access (DSMA) scheme in which the
mobile end user accesses the chanmel only when they have
data to send. Thus, CDPD network keeps track of the

channels in use while the AMPS does not.

The present invention operates to allow the mobile

- gubscriber to recéive CDPD. communication originated by

othexr parties by providing discrimination between paging
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signals containing information regarding CDPD
communication and paging signals containing information
regarding AMPS communication. This discrimination is
carriad out by a controller including the I¢
microprocessor chips which maintain the cellular handset
or portable data tarminal in the CDPD mode until AMPS
comuunication is requested. The power expenditure in

- this mode is considerably lower than that in the AMPS

mode. _ i
In the CDPD mode, a cellular handset operates as a
fully functional CDPD mobile terminal. In oxder to
participate in the CDPD network, the handset communicates
with a Mobile Data Base Station (MDBS) using GMSK
modulation on AMPS radio freqﬁencj.es and. occupying one
AMPS channel. Accoxding to the present invention, the
radio telephone handset will monitor received signal
strength. Based upon the detected values, the handset
will locate the strongest CDPD channel and regist.er on
that channel in the local c¢gll. ‘The handset will also
locate and switch to a new CDED éhannel whenever the
local KDBS switches channels. The CDPD system will
support hand-off to an adjacent cell if the portable
radio telephone handset_travels and receives signal laevel
cha,x__xgs. R R '

'By using the CDPD mode as described above, the
handset of the present invention has the capability of
gending data messages such as electxonic mall input by a
handset key pad to other users in the CDPD network. Tha
handset can also be used to transport data (via
electronic mail/page/FaXx/file) to and from the host
computer via an appropriate I/0 port and the CDPD
netwoxk. Since the handoff sequence in the CDPD mode
mitigates against data loss, as indicated in Appendix
VII, successful data transfer can take place even when
the mobile data teiminal handset is moving from the cell
gite to another, While in the CDPD moda, the handset is
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able to conserve battery power by remaining in a dormant
or “sleep" protocol when data is not being sent ox
reaeived.

The data terminal handset will de-registexr f£from the
CDPD network when another mode is selected either by the
user or as established by predetermined protocol. De-
registration normally occurs when the user chooses to
initiate an AMPS data or voice communication. De-
registration also occurs wvhen a paging signal indicative =
of AMPS communication is received by the portable
handset. The user of the handset can also choose to
initiate data trancmission over the CDPD system sven
after de-registration has occurred due to AMPS
communication. In this case, it is only necessary for
the user of the handset to baegin communication after the
AMPS communication has ended since re-registration would
have occurred as soon as the non~-CDPD communication had
ended.

The portable data terminal handset as configured
accoxding to the specifications found at pages 10-12 of
Appendix Vv, permits all the modes of operation
illustrated in Frig. 2, for which' the handset has
capability. Circle 200 in Fig. 2 represents the menu
mode selection by either the operator or programmer of
the portable data terminal handset. Either of the two
wodes {AMPS or CDFD) can be selected by an operator wsing
either the key pad on the handset 112 (Fig. 1) or an
additional key pad used to import data into the system.
If data is being entered into the portable terminal
(handset} 100 by a host computer, either the mode or the
predeternined default setting can be seleated as part of
that data transfer.

For beat results, the present system is normally in -
a low-power "sleep" mode as indivated at circle 202.
This -"Sleep_" or dotmant mode results in the least amount
of power expenditure. Normally, the "slbep" mode will be
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interrupted every 10-255 seconds to check for messages
such as incoming paging signals. If none are received,
the CDPD mode remains jdle as indicated at circle 204.
The CDPD can be rendered active as indicated at circle
206 by the receipt of a paging signal, a command from the
host computer ox the handest user to initiate data
transfer in the COPD mode. The advantage of remaining in
the CDPD mode is that the hattery' is not heavily burdened
so that talk time at full transmission power is greater -
than one hour and standby time while monitoring the AMPS
control channel is greater than 12 hours.

All paging is conducited on CDPD channels, but can
convey data of an incoming AMPS conmunication as well as
an incoming CDPD communication. If a paging signal
indicating an incoming AMPS communication is received,
the CDPD mode is intexrrupted (even if CDPD communication
is being conducted at that moment), and one of the two
AMPS modes {voice 210 and data 214) is activated. The
user ox a program from the hoet computer can select
whether an AMPS voice call will preempt AMPS data
communication. Depending upon the services the cellular
telephone network and its associated land line network
will support, different ‘treatment can be given to
dif.férent _ J.ncoming - ¢alls depending upon the
identification of the caller. For example, caller ID,
call screening or an automatic call-back can be carried
out with the portable data terminal/handset of the
present invention.

Normally the handset will xemain in the AMPS mode
until all AMPS communication has ended., If instructions
are not received to remain in the AMPS mode as indicated
at circle 212, the handset will return to the dormant
mode 202 and carry out the intermittent detection for
paging signals in the CDPD mode.

The aforemant‘ioned special aervices such as caller
ID and automatic call-back are carrj.ed ont in the AMEB
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mode using the FSK control channel including BCH and
Manchester encoding, framing, FSK modulatfon and
amplification. FSK reception includes signal recovery
(preferably using £frequency discrimination), timing
racovery, framing recovery, Manchester decoding and BCH
decoding. %o do this, the handset estimates received
gignal level, processing audio signals for FM modulation
end recovering audio signals after ¥M demodulation.
Audio processing includes the audio filtering,
companding, pre-emphasis, deviation limiting, FM
modulation, and amplification. The handset also
generates SAT and ST signals and combines them with the
procesged audlo signals before the FM nodulation period.
The receiver -portion of the handset includes M
digcrimination, de-emphasis, expanding, audio filtering,
and amplification, Noise muting is preferably included
in receiver processing. The receiver portion also
detects an SAT tone and switches to voice mode following
detaction of a dotting sequence. The handset is capable
of recovering data and audio information well in a high
noise/high interference environment. The portion of the
portable termminal carxrying out AMPS communication
complies with the standaxds and specifications enumerated
on pages 12-14 of Appendix V. The AMPS mode will also
support other communieation techniques such as circuit
switched cellular communication to effect a cellular
modem. Using this technique, the handset of the present
invention supports transmission of data and facsimile
over the AMPS voice channel using modulation, facsimile,
control and data compression standards as listed on page
6 of Appendix V. Using a connection to a public switch
télephone network (PSTN), the portable radio telephone

"handset can support voice, modem and £facsimile

communication over an associated landline network. The

' standards for circuit-switched data over the PSTN are

found on page 21 of Appendix Vi. HModem and facsimile
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speclfications for PSTN operation are found in Appendix
IIX. :

Another advantage of the present invention is the
use of a common radio module 301 (in Fig. 3) and common
processing means, constituted by control processor 302
and Merlin ASXC processing chip 303 for carrying out the
functions of both the AMPS and CDPD communication modes.
The processor chips 302, 303 are ful.l.y described in

Appendix IV and divide the control functions of the

portable terminal to effect the conversion betwsen the
AMPS gommunication mode and the CDPD communication mode.
An application expansion port 304 feeds the data link 305
between the two procassor chips 302, 303 in ordexr to
allow additional applications to be carried out by the
processor chip pair by virtue of additional programmed
chips. '

The two processor chips 302, 302 axe also meant to
receive data and programming instructions from an
external computer through RS-562 interface 306. For ease
of operation, this external computer is preferably a
personal computer (PC). An internal modem (not shown)
can be included as part of the function of the two
processor chips 302, 303. Preferably, the computer
¢onnected through interface 306 would be a portable
device such as a poi:table digital assistant (PDA) sc as
to maintain +the mobility of the overall data
communication terminal handset. ,

Processor chip 303 controls the phase lock loop of
radio modula 301 through data line 310. Conversgion of
analog signals from radio module 301 into digital sgignals
appropriate for processor chip 303 is carried out by
analog-digital and digital-analog interface 308. The
converted signals are carried between interface 308 and
processor chip 303 by way of data trunk 312, In order to
carry out the fuhction of signal discrimination and
monitor the power supply module 318 for proper power
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Jevel, a voltage detector 31§ provides an output' to
processor chip 303,

Powexr supply module 318 is preferably fed by a six
volt battery 326. The power supply module 318 provides
a number of different power levels commensurate with the
type of operation carried ont by the portable data
terminal 100.

. The overall power drain is most affected by xadio -
module 301 which preferably contains at least one radio
frequency transceiver. Normally this transceiver would
operate in a frequency range of 824.040-848.970 MHz at a
maximum power output of .6 watt, Further radio frequency
standards are listed on page 11 of Appendix VI, and
coincide with the radio frequency standards of the MDES
described in Appendix Y and the CDPD system description
of i\ppendix VII. Radio module 301 has a diversity
antenna arrangement including transmit/receive antenna
330 and receive antenna 33). This arrangement is used
for a switchovar when mmltipathing occurs in order to
maintain the quality of the reception to radio module
301l. PFrom the signais received by radio module 301, RS8SI
{signal stxength) data is derived and processed in
interface 308 and processor chip 303. The RSSI data is
displayed on the handset display 320 at least four times
per second whan the RSSY signal is zouted to the display
by means of analog switch 314.

As previously indicated, the control function of the
portable data terminal is divided between processor chips
302 and 303. Chip 303 handles the power-down process
ocourring when the handset goes into the dormant "sleep”
mode. Chip 303 also handles lower level protocol for
most functions handled by both of the processox chips.
Modem communication over an AMPS channel is also
controlled by chip 303. vVoice communication is offected
using speaker 334 and microphona 335 comnected to audio
codec 336 ¢ which in turn is connected to processor chip
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303 to receive the appropriate signals for audio
communication. Aaudio code¢ 336 is activated by switch
337 when appropri.ate signale are received from processor
chip 303.

Procesgor chip 302 handles call set up as well as
high level CDPD protocol. DMA and UART functions are
also handled by processor chip 302. Data is input by the
uger into the system by means of a 4 X 7 key pad 340.

 Preferably, all switches of the key pad 340 are a single

pull, single throw switches with momentary contact. The
key pad is usually provided with backlighting for user
convenience.

The user is provided with a *scratch pad”
conatituted by static ram 324, A control switch 322
constituted by an EPROM is also provided for user
convenience. When a paging signal is received by the
handset, the user can be advised by means of vibrator 350
or buzzer 351, both connected to processor chip 302.
Additional memory capacity can be provided to the coupled
processor chips 302, 303 by means of either RAM 360 or
EEPROM 36).

Host connector 370 is used to transfer audio
frequency and radio frequency signals from the handset to
a host cellular terminal such as would be found in an
automobile., By placing the handset in an appropriate
cradle included with the host terminal, it is possible
for the handset to be used in *hands-free“ operation if
the host terminal supports this function. The pin
arrangement of host connector 370 is specified on pages
16-23 of Appendix VvI. An additional telephone type
handset can be connected to the portable data texminal
through host connectoxr 370.

The portable data terminal/handset of the present
invention can be arranged in a number of different types
of casings and a number of kinds of configuratlons. For
example, the handset can be attached to the casing of
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portable PC such as & PPA. The two casings can be
configured so that the two devioces remain portable eithexr
separately or attached to each other. In anothex
configuration, the portable/handset can be attached to a
non-portable PC, sexrving as & communications terminal for
that PC. In a third configuration, the portabl
terminal/handset can be used in a stand-alone
arrangement, easily carried in a briefcase or about the
person of a subscriber. This configuration can also be’
used with & mobile station in an automobile,

A major advantage of the present invention is that
in its use of a CDPD mode for transmitting data, data can
be transferred in a substantidlly mninterrupted manner
even when the moving portable terminal/handset moves from
one cell site area to another, Although some
interruption may take place, normal redundancy protaocols
supply the data which otherwise would have been lost.
Since the CDPD channels support digital data transfer,
digital encryption techniques {as referred to in Appendix
VI1) can be employed to maintain data 'security. Thus
cellular communications can ba rendered secure in a way
not possible with a normal AMPS system.

Although a number of errangements of the present
invention have been mentioned by way of example, it is
not intended that the invention be limited thereto. For
example, the present invention can be adapted with the
appropriate uss of its expansion ports and connection to
systems having the appropriate characteristics to support
electronic mail, a modem emulation mnode, TCP~IP
connactions, call screening, automatic paging
acknowledgement including messaging, and location
functions. Accordingly, this invention should be
considered to include any and all configurations,
modifications, variations, ccmbinations or equivalent
arrangements follewing within the scope of the following
claims.
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1. A portable radio telephone handset, comprising:
an analog cellular mode communication eircuit; a
cellular digital packet data (CDPD) mode communication
circuit; and :
- means for selecting operating one or the other of
said circuits.

2. The handset of claim 1, wherein said analog
cellular node communication circuit and said CDPD mode
communication circuit are arranged in a common pcrtable
housing.

3. The handset of claim 2, further comprising
processor means for commonly controlling operation of
both said analog - cellular mode and CDPD mode
communication circuits.

4. The handset of claim 3, wherein said analog
cellular mode circult comprises Advanced Mobile Phone
Service (AMPS) circuitry.

5. The handset of claim 3, wherein said analog
cellular mode communication and CDPD mode circuits
camprise common radio frequency transceiver circuitry.

6. The handset of claim 5, wherein said transceiver
circuitry includes switch-over means for compensating for
multipath conditions.

7. The handset of claim 6, wherein said switch-over
means comprise a. diversity receivmg antenna and a shared
transmitting/receiving antenna.
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8. The handset of claim 3, vhexein said processor
means comprises means for deteacting a paging signal in
the CDPD mode. -

9. The handset of claim 8, whersin said means for
detecting are arranged to operate in a periocdic manner.

10. The handset of claim'3, wherain said pro::essor
means further comprise means for distingnishing a paging
signal relating to the CDPD mode from a paging signal
relating to an analog cellular mode.

11. .The handset of claim 1, further comprising
interface means for connecting said handset to an
external computer.,

12. The. handset of claim 8, further comprising a
display arranged to indicate characteristics of a paging
signal provided by said means for detecting.

13. The handset of claim 1, further comprising
means for enabling voice communication, and a telephone
keypad,

14. The handset of claim 3, further comprising
means for enabling facsinmile transmission in the analog
cellular mode, and means for inputting facsimile data
into said handset, said processor means controlling said
facsimile data inputting means and said facsimile
transmission means. |

15. The handsei: of c¢laim 12, further comprising
means for indicating receipt of a paging signal..

16. The hands‘ef. of claim 15, wherein said means for
indicating comprise a vibrator. ‘
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17. The handset of claim 15, wherein said means for
indicating comprises an audible alarm.

18. The handset of ¢laim 10, wherein said processor
means furxther comprises means for determining identity
data contained in a paging signal.

.19. ‘The handset of claim 18, wherein said processor
‘means further comprises means for disoriminating ‘said
detected identification and providing appropriate control
signals responsivé to said discrimination of said 1ID
numbex.

20. The handset of claim 19, further comprising
power supply means for adjusting power level responsive
to said control signals.

21. The handset of claim 18, further comprising
means for interrupting communication in the CDPD mode in
response to detection of a paging sigmal indicative of
oparation in said analog cellular mode. :

22, The handset of claim 19, further comprising
means for carrying out an automatic call back responsive
to said control signals.

23. The handset of claim 13, further comprising

‘means for interfacing with a host texrminal whereby hands-

free operation is carried out using said handset and said
host terminal.

24, A method of paging a subscriber having a
"portable radio telephone handset compr:.sing the steps of:

{a) maintaining said portable radio telephone
handset in a low-power, dormant state;

heet Has Been Replaced

Tl il \II\



THIS SHEET
AS BE;
REPLAAS BEEN /

LA EE — y .
# ¢ L WS (b) periodically detecting for a paging signal on
a gellular digital packet data (CDPD) channel;

(c) analyzing said incoming paging signal to dexive
information contained thersin; and

(d) discriminating between information in said
paging signal pertaining to a CDPD transmission and

information pertaining to an analog cellular mode
tranamiasion.

25. The method of claim 24, further comprising the
step of setting up a volce communication channel in an
analog cellular mode responsive to receipt of a paging
signal indicative of an analog cellular transmission.

26. The method of claim 25, further comprising the
step of interrupting any existing comum.catiun in the
CDPD mode. )

27. The method of claim 24, further comprxising the
step of carrying out data transfer in the CDPD mode
responsive to detection of information relating to CDPD
communication in said paging signal.

28. A pqrtablé communication terminal comprising:

-a radio frequency transceiver 3w.|‘.tchab1y operable in
either an analog cellular mode or a cellular digital
packet data (CDPD) mode;

processor means for controlling operation of said
transceiver in both said analog cellular mode and said
CDPD mode; and,

a telephone handset coupled to said transceiver.

23. The portable communication terminal of claim
28, further compribing a first interface to an external
host computer.
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30. The portable communication terminal of claim
29, further comprising a second interface for connection
to a host texrminal.

31. The portahle communication terminal of claim
30, wherein said host terminal comprises a cellular
telephone station having 2 power supply connected to said
portable communication terminal through said - second
interface. |

32. The portable communication terminal of claim
31, wherein said second interface connects audic and
radio frequency signals from said portable communication
terxminal to said host terminal for a "hands free® mode of
operation.

33. The portable communication terminal of claim
28, further comprising expansion means for adding
functions to said processor means.

- 34. The portable communication terminal of claim
28, wherein said processor means comprise two control
processor chips.

35. The portable communication texmjinal of claim
28, further comprising a power supply module arranged to
provide a plurality of different power levels to said
portable communication terminal based upon operation of

gaid portable communication terminal.

'36. The portable communication terminal of claim
35, wherein said power supply wedule ils energized by a
battery.

//n/m i



THIS SHEET HAS BEEN

\\ll\lll ll\ll\ III\! \\I\I | \II\ . 7 L seriacen

The portable communication terminal of claim
34, vherein said telephone handset comprises an audio
codec connected to one of said processor chips.

38, The portable communication terminal of claim
28, wherein said radio frequency transceiver, processor
means and telephone handset are contm.ned within a common
portable housing.

39. The portéble commnication terminal of ¢laim
28, further ocomprising a keypad separate from said
telephone handset.

40. The portable communication terminal of claim
34, further comprising an analog~-digital-analog interface
chip connected between said radio frequency transceiver
and one of said control processor chips.

41. <The portable communication terminal of claim
28, further comprising a display.

42. The portable communication terminal of claim
28, further comprising a vibrator activated by a paging
Signala . . .

43, The portable communication terminal of claim
28, further comprising an audible alarm, activated in
response to a paging signal.

44. The portable communication terminal of claim
2B, wherein said radio frequency transceiver includes
switch-over means for compensating for multipath
conditions. |

45, The porﬁéble communication terminal of claim
44, wherein said switch-over means comprise a diversity
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receiving antenna and a shared transmitting receiving
antemna. -

46. The portable communication terminal of claim
33, farther comprising a static RAM memory dedicated for
use as a "scratch pad” input to said processor means.

47. A portable communication terminal of claim 28,
wherein said processor means is arranged to “assign
priority to communications in the analog cellular mode
over communications in the CDPD moda.

48. The portable communlcation terminal of claim
29, further comprising a modem and circuitry for -data
communication operated in conjunction with said external
host computer.

49. The portable communication terminal of c¢laim 48
vherein sald data communication comprises facsimile
communication.

50. The portable communication terminal of claim
29, wherein said external_hpst computer is’ a portable
digital assistant (PDA). '

51. A portable radio telephone handset, comprisings

means for communicating in an analog cellular mode;

means £or communicating in a cellular digital packet
data (CDPD) mode; and |

processor means for selecting operation of one of
said analog cellular mode and said CDPD mode.

52. The handset of _'cla.._i'm 5_1_', whe:;'ein gsaid means for .
- communicating in the analoeg cellular mode, said means for
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communicating in the CDPFD mode and said processor means
are arranged in a common portable housing.

$3. The handset of claim 5], wherein said processor
means commonly controls operation of both said means for
communicating in an analog cellular mode and means for
communicating in the CDED mode.

54. The handset of claim 53, wherein sald analog
‘cellular mode comprises Advanced Mobile Phone Service
(AMPS) supporting voice communication and cellular

" cironit switched data communication.

55. The handaset of claim 53, wherein said processor
means comprise a pair of integrated cixcult processor
chips. '

56. In a 'porﬁable data communication terminal
including a radio telephone handset, a controller
comprising:

a pair of microprocessor integrated circuit chips
axranged to share control functions of said data
terminal, said pair of micmp::ocessor integrated circuit
chips comprismg means for controlling sald handset to
operate selectively in either of two communication modes.

57. A portable data terminal and handset of claim
56, wherein the two communication modes comprise an
analog c¢ellular mode and a cellular digital packet data
(CDPD) mode.

58. The portable data terminal and telephone
handset of claim 57, wherein said analog cellular mode
comprises Advance Mobila Phone Service (AMPS).
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handset of claim 58, wherein said controller comprises
means to give priority to communications in the AMPS mode
over the CDPD mode. '

60. A portable personal pager compxising:

a cellular telephaone handset operable in a cellular
digital packet data {CDPD) mode and an Advanced Mobile
Phone Service (AMPS) mode; and

a controller arranged to select one of said two
nodes for handset operation, wherein said controller
controls said handset to receive all incommg paging
signals in said CDPD mode,

61. The pager of claim 60, wherein said controllex
conprises means to control said handset to respond to an
incoming paging signal with an acknowledgement signal in
the AMPS mode. |

62. The pager of claim 61, wherein said controller
further comprises means to control said handset to remain
in a low-power, dormant state until an indication is
raceived by said handset that communication is desired.

63. The pager of claim 62, wherein said controllexr
further comprises means to _periodically detect for
incoming paging signals in said CDPD mode.

64. The pager of claim 63, further comprising a
display arranged to indicate the presence of an incoming
paging signal in the CDPD mode and identity data included
with said incoming paging signal.

65. The pager of claim 63, wherein said controller
further comprises means for distinguishing identity data
included with said incoming paging signal, and means for
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determin.ing an appropriate acknowledgement. signal- from

among a plurality of pre-programmed acknowledgement
messages, responsive to said identity information.

31

66. The pager of claim 64, wherein said controller
further comprizes means for automatic dialing in said
AMPS mode responsive to said Identity data included with
said incoming paging signal.
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