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2:§9N)ical Figlc\ 
~hi& invention relates generally ta wixeless 

aomroun:Lcation devices. More particularly, the invention 
relates to wireless portable phones supporting 

· 5 t:t"aneuU.ssion and reception of data, fax_, and voice 
signals. 

Bacmound gf tha IgyentiQ!l 
Mobile wireless communication of analog voice 

signals was initially car:cied by half duplex radio 
10 systems. Citizens Band radio, one tJPe of mobile 

wireless radio, uses amplitude modulation (AM) upon a 
carrier frequency to transmit or receive voice signals in 
a half duplex manner. Other mobile wireless radios U.$ed 

. 15 
frequency modulation. (!'M) within. a qiven .. carrier 
frequency range in .order to transmit or receive voice 
signals, half duplex, achieving improved noise 
characteristics. These mobile wireless radios allowed a 
user to mo,,-e within a qiven radius of antennas. A 
disadvantaue to these systems was that once a user was 

20 beyond a certain range cf a given base antenna, the radio 
channel for a given carrier frequency was inoperative. 
Another disadvantage was that wireless lialf duplex voice 
communication was unacceptable to most consumers. The ' . 

\ 

consumer wanted a wireless duplex voice communication 
. . 

.· 25 systein similar to his or her wired home,telephone. 
In the 1980's, mobile wireless duplex voice 

communication was introduced into the mar:ketpla.ce by 

..•. : 
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using an anaiog PK based cellular radio. This analog 
cellulaz: system fo~ mobile wireless duplex voice 
t.ransmission was called •.Advanced Mob~le Phone service" 
(AMPS). Introduced by A'?&T, the AMPS cellular network 

5 usee the FCC assigned caxrier frequency range of 800 to 

900 MHz. AMPS automobile cellular units we.re first 

permanently attached to the user's aar. )lutomobile 

cell.ula~.units transmitted. voice signals to a cellular 
base station within a given cell \ising one watt of power. 

10 Hand-held cellular units using battexy power supplies 

were later introduced and transmitted voice signals to a 

cellular l).ase station within a given cell using one 

quarter watt of transmit powe:c. Because hand held 

cellular units operated from a battery power supply, the 

15 power consumed by the cellular phones becmae critical. 
Whan a cellular phone is powered on and waitinq to 

::ceceive 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 

20 listens for its registration number in order to become 

active and receive a phpne call. '!he atand .. by mode, 

althouqh lower in powe~ than the active communication 

mode, continuously uses a eonsiderable amount of p~we%. 

~tis.desirable to further decrease the amount of power 
25 used in the atand-by mode in order to further increase 

the time the cellular unit requires for recharging or 
replacing batteries. 

The human analog voice t1as the initial signal that 

the .AMPS system was designed to communicate. ·The AMPS 
30 system was optimized for carrying as many analog voice 

siqnals within a given bandwidth of a channel as 

possible. Mobility of the cellular telephone using low 
power mobile units, FM modulation, and the highex: carrie.:c 

f.requency. range (800 MHz-900 MHz) is· achieved through a 
. . 

35 cellular_arrangemerit of antennas whereby~ user's signal 
is handed off to the next cell site as he moves into a 
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d!f f erent cell area. This cellular hilndof f can cause a 

temporary loss in transmission or reception. However, 

temporarily losinq a voice signal is not critical because 

a user knows when there is a siqnal loss and can 

5 reti:ansnd t the 90ice J.nfo=ation. However, signal loss, 

even though temporaxy, poses special problems for 

transmission of diqital data. Some other AMPS •obile 
cell~lar p:coblems· causing a loss in a voice signal are . 

fading signal strength, reflections, Rayleigh fading, and 

10 cellular dead spots. 
'l'he availability of portable computers natu.rally led 

to the desire to tran.endt digital data via wireless from 
a remote location. Presently, ·tha AMPS voice cellular 

system is beinq used to transmit digital data in the form 

15 of Circuit SW.i tchad Cellular Data across AMPS carrier 

channels. Raw (baseband) digital data is converted so 
that it can be transmitted ancl received aa:ross the analog 

AMPS system. One disadvantage to using the MIPS system 
is that a narrow channel bandwidth and errors in 

20 transniission limits the baud rate of transmitting and 

reaeiving digital data. Another disadvantaqe af using 
AMPS to comnmnicate digital_ data is that ~ovament of the 
subscriber unit .iaay cause a cellular handoff ~o occur, 

tbus causing . a loss of the digitally transmitted or 
. . 

25 received infoxmation. Loss of digital data may corrupt 

a data file such that it }.s useless. Other losses of the 

raw di9'i ~al data may be c~used by other problems of the 

AMPS mobile cellular system. 
Another wireless COID11lUnication device is a pager. 

30 Most pa;ars use simplex or one way communication 
receiving only a 1imiteel amount of information such as a 

telephone number. Most pagers only display infoxmation 

to a user on demand and pe:rfoxm no other function. 

BEJcause only one way collllllunica.tion is :required, an 
. •. ·. 

35 aaknowledgement is· not returned by the pager to the 
original sender. In many cases it is desixable that a 
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sending party receive an acknowledgement minimally, 

telling him that his page message was received. In some 
cases it may be appropriate to respond by leaving a 

return paq~ aessaga. A disadvantage of present paging 
5 systems is that acknowledgment and return pages are not 

widely available because simplex paging is more 
commerciali•ed than other paging modes. Another 
disadvantage Of present pagf!trS is . that a displayed . 
telephone nuinber is not automatically and electronically 

l 0 dialed d:l:cectly on a telephone. A uae:r reads the 
telephone number from a pager's display and manually 
dials the number on a 'telephone in order to aontact the 
pa9inq party. It is desirable that a wireless pager have 

the capability of automatically dialinq a received 
15 telephone numbe~ on a wireless cellular telephone via 

electronic means, thus integrating the feat:ures of a 
wireless cellular telephone with that of a duplex pager. 

A w-ired product that is presently popular is high 
speed fax-mod.ems. !'ax-modem hardware ·and firmware in 

20 conjunction with fax and data communication applioation 
software have the capability of sending digital data over 
various mod.em protocols as well as sending facsimile data · 
by using the various facsimile protocols. Fax or data 
communication application software may operate on 

25 different hardware such as home or portable computer, 
personal communicator, personal digital assistant, or 
othe~ electxonic devices. Examples of modem protocols 

for standaxd modulated data are CCIT'r v. 22bis, CCIT'l' V. 

23, CCI~ V.32, Bell103, and Bell212A. Modem protocols 
30 that include error control include CCIT'r V.42, MNP2, 

MNP3, MNP4, and MNPlO. Hod.em pxotocols that provide data 

compi:ession are CCITT V. 42bis and MNP5. .Facsimile 

protocols include CCITT V. 21, CCI!J.''l V. 27te:r, CCITT V. 29, 

CCift T.4; CCITT 'l'.30, CCITT T.35,Class I ... BIA/TIA 578, 
. . 

35 Class I-EIA 592, and Class II-BIA 578-SP218B, A fax-
modem accepts raw (baseband) digital data. from an 
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electronic device over an internal data bus or external 
RS-232 po:ct. Raw d.1.qital data. is converted and modulated 
into data of a given protocol for t~anamJ.ssion onto a 
standard telephone line. Data received f.rom the 

S telephone line can be conveJ:ted from the inodul4ted foJ:m 
into raw digital data. that can be interpreted by tha 
haJ:dware, fixmware and application software. 

A disadvantage of present fax-modems is that mast 
require a wire conneotion to a telephone line. Present 

10 methods of providing wireless capability for a fax-modem 
take the modulated analog modem output signal from a fax­
modem and input this into an AMPS con.version unit. 'l!he 
AMPS conversion unit converts and modulates the 
transmitted analog modem output siqnal into a different 

15 analog form for tranamission onto the AMPS network The 
analog modem output siQnal is converted into what is 
called Circ:ui t Switched Cellular Data. Received AMPS 
siqnals can be con\rerted from Circuit Switched C.ellular 
Data by the AMPS conversion unit into analoq modem input 

20 signals that the fax".""madem can receive. Presently, fax­
modmns do not directly convert and modulate raw d!q~tal 
de.ta into an analog signal for transmission onto the AMPS 
cellula~ network. A disadvantage to present methods of 
pre>viding wir.eless fax-modem. capability is that it 

25 requires additional devices to send ~r receive fax and 
diqital data· over the AMPS cellular network. Another 
disadvantage is that more power is necessary for 
additional components, such as the AMPS con~ersion unit. 
Another disadvantage is that a user must ca~ry the 

30 portable computer, fax-modem, and AMPS conversion unit to 
provide wirelea& fax-modem capability. It is desirable 
to inc;:o:r:porate a fax-modem and AMPS conversion unit into 
one unit providing the capability of sending Circuit 

35 
SWitcheq Cellular Data across the· AMPS netwo~k. · 

A di.sadvan~age to using Circuit Sw~tched Cellular 
Data communication across AMPS is that it requires that 

.. 
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the mobile unit be stationary to avoid losing data frora 
I 

fading or cellular handoff associated with a non-
stationaxy mobile AMPS communication. Thus, a mobile 

unit shoulq avoid being moved even slightly when 
5 performing communication of Circuit Switched Cellular 

Data using the AMPS netwoxk. 
Heretofore, providing efficient wireless 

transmission· of both .voice and data signals into one 
gmall hand ·held inteqrated packaqe has been difficult. 

10 FUttl\erma:ce, it is difficult to integrate the features of 
AMPS voice transmi&aion with applications such as data 

uanemission, electronic Jllail, duplex paqing and provide 

a Ci:rcuit Switched Cellular Data interface such as a 
wireless fax-modem into a single hand held battery 

15 operated wireless unit. Further, the integration of 
these featu:ces into a single hand held unit has not been 
possible because of the unavailability of the underlying 
electronic components and application ~oftware required 
to integrate all these features into a single hand held 

20 unit. It is desirable to intevrate AMPS voice 
communication and a data communication mode when moving 
between cell sites, as well as providing- the capability 
of providinq Circuit Switched Cellula:c Data Communication 

into one integrated.hand-held unit. 

25 Brief Summa;x of the Invention 

An ~bject of the present invention is to combine the 
capabi1itiQs of a voice cellular telephone, pager, and 
wireless fax-modem into one integrated battery operated 
hand held unit. 

30 Still a further object of the present invention is 
to redgca the standby power consumption of a cellular 

telephone such that continuous operating- capacity of the 

battery of a cellular telepho~e is inc~eased. 
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Another 6bject of the p:r:esant invention is to 

achieve mobility in the transmission of digital and 

facsimile info:r:mation without incurring errors. 
Still a further object of the present invention is 

S to integrate a paginq system into an analog cellular 

telephone system. 
Yet another object of th& presedt invention is to 

facll~tate automatic call-back on a mobile communication 
. termina'1. in . an analog cellular - telephone system ·.in 

10 response to a paging- signal.· 

!L'he aforementioned objects are carried out by a 
portable radio telephone handset. of the present 

invention, including means for co:mmunic:atinq in an analog 

cellular mode, means for co!lllllunicating in a Cellula:r 

15 Digital Packet Data (CDPD) mode and means for selecting 
between the two modes. 

Preferably, paging is carried out using the 

aforementioned handset by (a) maintaining the portable 

radio telephone handset in a low-power, dormant state1 
20 (b) pe.riodically detecting for a pa~1ng signal on a CDPD 

ahannel; (c) analyzinv the incoming paging siqnal to 

derive infoxmation contained therein1 and (d) discrim­
inating between infoi:mation in the paging s~gnal per~ 
tain:l.ng to a CDPD transmission and information .pertaining 

25 to an analog cellular Jl\ode transmission. 
In anothe~ embodiment of the present invention, a 

portable communication terminal includes a radio 
frequency transceiver switchably operable in either an 

analog c:ellula:r mode or a Cellular Digital Pack Data 

30 (CDPD) mode and processor means for controlling operation 

in both the analoq cellular mode and the CDPD mode. A 
telephone handset is included as part of the portable 

communication teminal to facilitate voice communication. 

Another object of the present invention, 

35 accord.i,ngiy, is to' combine the.aapabilities of wireless 
communication using analog voice signals and CDPD data 
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while providing a host interface for wireless 
cotnmmlication using Circuit Switched Cellular Data or 
CDPD Dflta,. all a.a"anqed in one integrated battery 

operated hand held unit. 
5 A f~er object of the present invention is to 

10 

provide AMPS system. ima~ing over a .CDPD channel and then 
automatically dialing the received paged telephone number 

using the AMPS network so that. a paged user can 
~ . . . 

COJDD1Unicate with tb.e paging party •.. 

Yet another object of the present invention is to be 

able to automatically switch f~om communications on the 

CDPD network into c:olllllunications using the AMPS network. 
Yat &·further objfct of thep~esent invention is to 

dack a cellular handset to a portable computer, personal 
15 digital assistant, or some other personal comnnm.i.cations 

device and provide an interface in which to transmit or 
receive CDPD data from the CDPD network and communicates 
in both ·AMPS voice and .AMPS circuit sw~tched cellular 
data modes. 

20 Another objeat of the present _invention is to 
provide expansion capability for future CDPD appl1ca tions 

that can operate from a band held integrated unit. 

Brief Description of D;rawiMs . 

Fig. 1 is a block diagram a portable radio telephone 

25 handset in relation to othe~ external system elements. 
Fig •. 2 is a J:epresentation of the operating modes 

available to the handset of the present invention when 
used in the approp~iate cellular telephone system. 

Pig. 3 is a block diagram illustrating discrete 

30 hardware components being included in the poJ:table radio 
telephone handset. 

Detailed Description of the Preferred Embodiment§. 
One solution to the afotementioned difficulties of 

integrating portable voice and data ·communications 
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resides in a new digital wireless communication 
technology developed to overcmae amne of the undesirable 
effects of t~anSJl\itting raw digital data over the AMPS 
syst811\. '!his new digital wi:celess cOJDJllunication system 

5 and network is called Cellular Digital Packet Data 

(CDPD). fte CDPD communication system shares the same 

carrier frequencies ass19ned to the AHPS channels as 
_indicated in Append!~ Ir and adheres to the standards 
specified in Appendix VII. A base unit, Jl\Dbile data base · · 

10 station (HOBS), of the CDPD system utilizes an unused 

channel within o.n AMPS cell to establish a link and 
colllllunicate to a user's mobile end system. The mobile 
end fJystem is a portable ccmputEfr or othe.r portable 
electronic device containing a subscriber unit. An MOBS 

15 then coaunicates from the user across a service 
provider's network af wire lines, micro1rave links, 
satellite links, AMPS eellular links, o:r: other CDPO links 
in order to transmit data to another mobile end ayste~, 
computer network, or ether non-mobile electronic system. 

20 Within a cell area the .MOBS first performs 0R~ sniffing• 
in order to detect an unused AMPS channel. CDPD use of 

an AMPS channel is litnited to ·the idle time between AMPS 

channel access • If an AMPS cellulaX' unit begins 
tranSlllittinv on a channel occupied.by CDPD, the CDPD unit 

25 ceases t%ansmitting on that channel and waits until the 
same channel becomes available or switches, referred to 
as chann~l hopping, to a different available channel. 

Within the CDPD network, digital data is bnt"st mode 
transmitted between a given subscriber unit (SU) within 

30 a •obile system and a mobile data base station (MDBS) 
using Gaussian Minimum Shift Keying (GMSR) modulation. 
Communicatinq in.a bn~st mode fashion reduces the time 
that an SU communicates with an MDBS such that other sus 
can talk with the smne MDBS. For a given data size, the 

35 · CDPD connect time ls reduced considerably when compared 

to sanding digital data over the AMPS network. Pre15ently 
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the raw (baseband) digital data envisioned being 
transferred ac~as CDPD are electronic mail messages, 
digital fax data, or digital data rep:cesenting a network 
connection -.uch that files uy be transferred as 1f 

5 cw:rently connected to a local area network. Other CDPD 
applications are being developed such as CDPD duplelC 
paging. 

'fbe CDPD subscl:U>er unit was desiqned· to be inse~ed 
into a given computer displacing-the ~loppy disk drive. 

10 · The subscriber unit interfaaas to the.computer• s internal 
data bus such that data can be transmitted or received 
acl"oss the CDPD network. In this manner elect:r:onic mail, 
electronic faxes, and data files can be sent without use 
of a landline system·. However, it :may be not economical 

15 to transfer large diqit.al_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 p;cesent portable cOlllputers is that 
many are still too large· end heavy for continuous use by 

20 a majority of consumers, especially with cellular 
handsets. Furthexmore, many consumers do not require the 
computing power contained in a poJ:table computer nor 
desire ta pay for such expense just to utilize the CDPD 

·network. However, the consumer may still desire to· send 
25 a liniited amount of digital infor.mation th:cough a 

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

30 Interchanging a CDPD subscJ:ibei: unit from one 

persons portable computer to another's portable computer 
is difficult. It is preferable that a user be able to 
easily interface a portable compute~ or other electronic 
device to .a form of CDPD subscriber unit for 

35 communication across the CDPD network.·· 
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IntegJ:ation of cellular voice communication and data 
communication is facilitated bl" the device of !'ig. 1 
illustrating a. . block diagram of the portable 
cmmmn!cation · te.aninal handset 100 of the present 

5 invention. In moat respects this portable cOJllQlunJ.cation 
-terminal J..s similar to conventiQnal portable radio 
telephone hands&ts in that it includes a radio frequency 
module 102 having ~t least one radio frequency 
transcei "Ter ~ The radio frequency transceiver uses a main 

10 antenna 104 for both receiving and transmitting the 
various types of signals handled by the poxtable 
terminal, such as Advanced Mobile Phone system (AMPS) 
data (circuit switched cellular data) communication, AMPS 
voice communication and CDPD communication •. A diversity 

15 antenna 106 is used as a backup to maintain reception 
under certain adverse conditions. A telephone type 
handset 112 is used to facilitate AMPS voi.ce 
commnnication. 

'.rile portable terminal can also be patched into a 
20 local pul>lic switoh telephone network (PSTN) by way of a 

digital-analog access interface (DAA) connected to the 
radio control processor 108. 'l'his proce~sor along with 
control processor and modem 109 divides the various . 
control functions of the portable. terminal including call 

25 setup, high level protocol, low level protocol, power 
adjustment, :modem operation and data transfer .between an 
external hast compute:z:, To faaili tate ease of subscriber 
use, the host computer can ba a pe:r:sonal computer (PC) or 
personal diqital assistant (PDA) OX' other electronic 

30 device. 'fhe connection hardware of the portable texminal 
is of a standard type nomally used with PC external 
connectors. 

One key difference between the portable terminal of 
the present invention and conventional cellular handsets 

35 and data texminals is the capability of the two 
processors 108, 109 to oant~ol the 'RF module for 
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communication in both the AMPS mode and the CDPD mode. 
'!'he· RF JIOdule 102 is both automatically and manually 
control~ed to opuate either in the CDPD mode or the AMPS 
mode in a manner consistent with the interrelation 

5 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 trans~ssion facilities of 
10 existing analoq 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 •i th existing · AMPS base station 
cellular equipment. CDPD provides a non-intrusive 

15 packet-switched data service that shares frequency 
channels with AMPS networks without impacting on AMPS 
service. !his is done via the end-user subsc:r:ibers 
(analogous to the mobile subscribers in a cellular 
system). The .paaketized natu::e of the data transmission 

20 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 CDPD users. For users whose data transmission 
requirements ~re characteJ:ized by n~ero~s transmissions 

25 of short to medium duration, CDPD is a far more effective 
mode of COJDlllunic:ation than circuit switched cellular data 
mod.ems. CDPD has been adopted as a national standard by 
the cellular indu&t~ and adheres to the standards · 

30 
contained in the publications of Appendix II of this 
appl.ication. 

In comparison to AMPS to which the CDPD system is 
appended, the infrastructure requirements of the CDPD 

system are very small. The mul~iple access nature of the 
system makes it possible to provide. substantial CDPD 

35 _coverage to many use.z:os 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 aall · connections and out-of-band (control 

channel) aignal& to control the mobility, CDPD uses a 
sophisticated set of in-band protocols to contxol channel 

5 access and mobility and to manage the transfer of data 

throughout the CDPD network. These are discussed in 

greater detail in Appan.d.ix I 'ldlich also illuatrates the 

relat~onahip between ~ hoet AMPS and an appended CDPD 

net1ro:rk. 
10 Al though tha CDPO system shares existing AMPS radio 

frequency channels, AMPS calls are g.tven first priority, 

and they are always able to preempt the use of any 

channel being used hy CDPD. However, this protocol is 

not absolute and a cellular service provider may decide 

15 to dedicate one or more channels to CDPD use. In such a 

case,· AMPS calls will not pl:'eempt the channel(s) occupied 

by CDPD s~gnaling. In orde.r to assign priority to 
predetemine type of signal, signal discr!m.ination is 

necessaxy. In a mobile data base · station (MOBS) 

20 employing CDPD, ·the mo~t common technique includes ~RF 
sniffing" to detect the presence or absence of AMPS 

s.ctivity on any given channel. In some systems, the base 

station can be given eJtanr\el 1nfonnation directly by the 

AMPS equipment via a $ta interface. If the sniffer 
. . 

25 finds that a channel is not in uee, the MDBS may 

establish a CDPO network on a particular channel by 

tl:'ansm.it~ing on a forward link. The mobile end user will 

acquire the fOJ:Wa.%d link, register, and then begin to 

transmit packets on retuxn channels .according to a 

30 digital sense multiple access (DSMA) scheme in which the 

mobile end user accesees the channel only when they have 

data to send. 'l'hus, CDPD network keeps track of the 

channels in use while the AMFS does not. 
The present invention operates to a~low the mobile 

35 subscriber to receive CDPD. communication originated by 

other parties byprovidinq discrimination between paging 
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signals containing information regarding CDPD 
communication and paging signals containing· inf o:cmation 
:r:aqarding AMPS ccmanunication. This discr.imination is 
carried ant by a controllei: inQluding the IC 

5 mic.roproaessor chips which uintain the cellula:r: handset 
or portable data terminal in the CDPD mode until.AMPS 
communication is :requested. The power expenditure in 
this mode i~ consid~ably lower than that in the AMPS 
mode~ · 

10 In the CDPD mode, a aellula~ handset operates as a 
fully functional CDPD mobile terminal. In order to 
participate in the CDPD netwa:.:k, the handset communicates 

with a Mobile Data Base Station· (MDBS) using GMSK 

modulation on IMPS xadio frequencies and. oocupyinq one 
15 AMPS channel. Accoxding to the present invention, the 

radio telephone handset will monitor received si911al 
strength. Based upon the detected values, the handset 
will locate the st.ronqest CDPD channel and reqister on 
that channel in the local cell. ~e handset will also 

20 locate and sw:Ltch to a new CDPD channel whenevez: the 
local. KDBS swi tehes channels. The CDJ?D system will 
support hand-off to an adjacent cell if the portable 
radic telephone handset. travels and receives ·signal level 
changes. 

25 By using the CDPD. mode as described above, the 

30 

handset cf the present invention has the capability of 
sendLnq data messages such as elecb:onic .mail .input by a 
handset key pad to other use;i:a in the CDPD n~two:r:k. The 

handset can also be used to transport data 

electronic mail/page/FAX/file) to and from the 
computer via an appropriate I/0 port and the 

(via· 

host 
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 

35 the mobile.data terminal handset is moving from the cell 
site to another. While in the COPD mode, the handset is 
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able to conse:cve battery power by remaining in a dorment 
or •aleep• protocol when data is not being sent o:r 
:received. 

The data te::r:minal handset will de-register from the 
5 CDPD network when another mode is selected either by the 

user or as established by predete:rinined p:cotocol. De" 
registration noJ:mally occurs when the user choos~s to 
initiate an AMPS data or voice communication. De­

registration also occurs when a paging signal indicative 

10 of AMPS communication la received by the portable 
hand.set. ~e user of the handset can also choose to 
initiate data ~ansmission ov~r the CDPD system even 
after de-registration has occurred due to AMPS 
communication. In this case, it is only necessary for 

15 the user of the handset. to begin communication after the 

AMPS communication has ended since re-reqistration would 
have occurre~ as soon as the non-CDPD communication had 
ended~ 

~e portable data te:cm!nal handset as · configured 

20 according to the specifications found at pages 10-12_of 
Appendix v, permits all the modes of ope~ation 

illustrated in Fig. 2, fo:r: which· the handset has 
capabLlity. Circle 200 in Fig. 2 rep~esen.ts the menu 
mode selection by either the·operator o~ programnter of 

25 t.he portable data terminal handset. lither of the two 

modes (AMPS or CDPD) can be selected by an operator using 
either ~he .key pad on the handset 112 (Fig. 1) or an 
additional key pad used to import data into the system. 

30 
If data is being entered into the portable teJ:minal 

(handset} 100 "by a host computer, either the mode or the 

pre<letemined default setting can be selected as part of 
that data transfer. 

Fo~ best results, the present system is nol:mally in 
a low-power 11 sleep 11 mode as indiaat~ at circle 202 .· 

35 'l'his "sleep11 or :do:i::mant mode :results in' the lea.qt amount 

of powe:r: expenditure. Normally, the •sleep" mode will be 

.. 
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interxupted eve:cy 10-255 seconds to check for messages 
such as inco.odnq paging signals. If none are received, 
the CDPD made remains idle as indicated at circle 204. 
The CDPD can be rend.e:red active as indicated at circle 

5 206 by the receipt of a paging signal, a command from the 
host Computer or the handset user to. initiate data 
transfer in the CDPD mode. The a~ventage of remaining in 
the CDPD mode is tba.t 1:he batteey is not heavily burdened 
so that talk time at full transmission power is greater 

10 than one hour and standby time while monitoring the AMPS 
control channel is greater than 12 hours·. 

All paging is conducted on CDPD channels, but can 
convey data of an incCllting AMPS communication as well aa 
an incoming CDPD communication. If a paging sign_al 

15 indicating an incoming .AMPS communication is received, 
the CDPD mode is interrupted (even if CDPD CO.lllDlunication. 

is being conducted at that moment), and one -of the two 

AMPS modes (voice 210 and data 214) is activated. The 
user or a program from the host computer can select 

20 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 f er~t . incoming . calls depending upon the 
25 identification of the caller. lor example, caller ID, 

call soreening or an automatic call-back can be carried 
out wi ~h the portable data terminal/handset of the 
present invention. 

Harmally the handset will remain in the AMPS mode 
30 until all AMPS cODDllUnication has ended. If inst::uctions 

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. 
35 The aforement1oned special services such as caller 

' 
ID and a.utomatio call_-back are carried· out in the .l\MI?S 
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mode using the !'SI control channel including BCH and 

Mancheste:i: encoding, framing, FSX modulation and 
mnplificat1on. PSX reception inoludes signal recovery 

(preferably using frequency discrimination), timing 
S xeaovery, framing recovery, Manchester decoding- and BCH 

decoding. ~o do this, the handset estimates :received 
signal level, processing audio signals for FM modulation 

and recovering- audio . signals after FM demodulation. 
Audio processing includes the audio filtexing, 

10 comeanding, pxe-emphasis, deviation lbiting, FM 

modulation, and auaplif ication. The handset also 
generates SAT and ST signals and combines them with the 
processed audio signals before the FM modulation period. 
The receiver portion of the handset includea FM 

15 disc:c!mination, de-emphasis, expanding, audio filtering, 
and amplification. Noise muting is preferably included 
in .r:eceiveJ: processing. The receiver portion also 

detects an SA'l' tone and switches to voice tnode following 
detection of ·a dotting sequence. The handset is capable 

20 of recovering data and audio inf oxmation well in a high 
naise/h.igh interference environment. 'fhe portion of the 

po:ctable teminal c:arryinq · out .AMPS communication 
cmnplies with the standards and specifications enumerated 

on pages 12-14 of _Appendix V. The AMPS mode will also 
25 support other collDJlunication techniques such as circuit 

switched cellular communication to effect a cellular 
modem. ~sing this technique, the handset of the present 
i.nvention supports transmission of data and facsimile 
over the AMPS voice channel using modulation, facllimile, 

30 control and data compJ:"ession standards as listed on page 

6 of Appendix V. Using a. connection to a public switch 
telephone network (PSTN), the portable radio telephone 

·handset can support voice, modem and facsimile 

comraunication over an associated landline network. The 
35 standards for circuit-switched data ovtir the PSTN are 

found on page 21 of Appendix VI. Modem and facsimile 
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specif !cations for PSTN ope~ation are found in Appendix 
III. 

Another advantage of the present invention la the 

use of a common radio module 301 (in J!'iq. 3) and common 
5 processing means, constituted by control processor 302 

and Merlin ASIC processing chip 303 for carrying out the 

functions of both the .AMPS and CDPD collllllunica tion modes .. 

The p.roce&so:r chips 30?, .303 are fully described in 

Appendix IV and· divide the cont~l -functions of the 
10 portable terminal to effect the conversion between the 

AMPS aamrunicatlon made and the CDPD communication mode. 
An application expcnsion port 304 feeds the data.link 305 
between the two processor chips 302, 303 i:n order to 

allow additional applications to be carried out by the 

15 processor chip pair by virtue of additional pro9%ammed 
chips. 

~he two _processor chips 302, 303 a~e also ~eant to 
receive data and pr0gramming instructions from an 
external computer through RS-562 interface. 306. For ease 

20 of operation, this external computer is preferably a 

personal computer (PC). An internal modem (not shown) 

can be included as part of 

processor chips 302, 303. 

connected through interface 

the function of the two 

Preferably, the computer 

306. would be a portable 
25 device such as a portable digital assistant (PDA) so as 

to ma.intain the mobility of the ovez:all data 

communication te::r:minal handset. 
Processor chip 303 controls the phase lock loop of 

radio module 301 through data line 310. Conversion of 
30 analog siqnals f:rom radio module 301 into diqital signals 

appropriate for processor chip 303 is carried out by 

analog-digital and digital-analog interface 309. The 

converted signa_ls are carried between interface 308 and 

processor chip 303 by way of data trunk 312. In order to 
35 carry out the function of si9nal. dililc::rimination and 

monitor the power supply module 318 for proper power 
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level, a vol ta.ge detectoi: 316 provides an output to 
processor chip 303. 

Powe:i: supply module 318 is preferably fed by 11 six 
volt battei:y 326. The power supply module llB provides 

5 a number of dif.ferent power levels commensurate with the 
type of operation car.ried out by the po.rtabla data 
teminal 100. 

~ha overall power drain is most affected by radio 
module 301· whic:h preferably contains at lea.st .one radio 

10 frequency txansceive:r. Normally this transceiver would 
operate in a frequency range of 824. 040-848. 970 MHa at a 
maximum powex output of • 6 watt. Further radio frequency 
standards are listed on page 11 of Appendix VI / and . . 
coincide with the radio frequency standard~ of the MOBS 

15 described in Appendix I and the CDPO system desc~iption 
of Appendix VII. Radie module 301 has a diversity 
antenna arr&l).gement including transmit/receive antenna 
330 and i:eceive antenna 331. This arrangement is used 
for a swi tchove:r: when multipathing occurs in omer to 

20 maintain the quali t)' of the :r:eaeption to radio module . 
301. Pron\ the signals received by radio module 301, RSSI 
(signal stJ:ength) data is derived and proces_sed in 

interface 308 and processor chip 303. ~he RSSI data is 
displayed on the handset display 320- at least four times 

25 per second '\tlhen the RSSI signal is routed to the display 
by means of analog switch 314. 

30 

As previously indicated., the control function of the 
portable data terminal is divided between processoJ: chips 
302 and 303. Chip 303 handles the power-down process 
occurr~ng when the handset goes into the dormant "sleep" 
mode. Chip 303 also handles lower level protocol for 

most functions handled hy both of the processor chips. 
Modem communication over an .AMPS channel is also 
cont:r:o1led by chip 303. Voice communication is Gf fected 

35 . using speake:r 334 and microphone 3 35 connected to audio 
codec 336, which in turn is connected to processor chip 
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303 to ~eceive the appropriate signals for audio 

comnunicatJ.on. Au.d.t.o codec 336 is activated by switch 

337 when appropriate signals a:re received from p:r:oces&o:r 

chip 303. 
5 Proaesso~ chip 302 handles· call set up as well as 

biqh level CDPD protocol. l>MA and UART functions are 
also handled by pxoceesor chip 302. Data is input by the 

user into the syst• by means.of a 4 x 7 key pad 340. 

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

10 pull, single throw aw! tches with m,oiaenta:ey contact. 'l'he 

key pad is usually provided with backliqhting for user 
convenience. 

~e user 
constituted by 

is prO'ltided with a "seratch pad"' 

static ram 324. A aonti:ol sWitoh 322 

15 conati tnted by an EPROH is also provided for user 

convenience. When a paginq signal is received by the 

handset, the user can be advieed by means of vibrator 350 

or buzzer 351, both connected to processoi: chip 302. 

Additional memory capaoi ty can be p%'0vided to the coupled 

20 processor chips 302, 303 by means of either RAM 360 or 
EBPROM 361. 

Boat connector 370 is used to transfer audio 

frequency and rad.io trequency siqnals from the handset to . 

a host cellular tenninal such as would be found in an 

· 25 automobile. By placing the handset in an appropriate 
cradle included with the hast tQl:Jllinal, it is possible 

for the handset to be used in •hands-free" operation if 

the host terminal suppo:cts this function.. The pin 

arrangement of host connectox 370 is specified on pages 

30 16-23 of Appendix VI. An additional telephone type 

handset can be connected to the portable data texminal 

through host connector 370. 
The portable data terminal/handset of the present 

inventLon can be_ arranged in a number ~f different types 

35 of casings and a nUmber of kinds of configurations. For 

ex&ll\ple, the handset can be attached ta the casing of 
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portable PC such ae a PDA. The two aaaings can be 

configured so that the two devices remain portable either 

separately o:r: attached to each othe:c. In anoth~ 

configuration, the portable/handset can be attached to a 

5 non-portable PC, sexving as a communications ta:minal for 

that PC. In a third aonfigw:ation, · the portable 

taminal/handset can be used in a stand-alone 

arrangement, easily cs.:rried in a :briefaaaa or about the 

person of a subsoriber. !?his configuration aan also be 
10 used with a mobile station in an automobile. 

A n\ajor advantage of the present invention is that 

in its use o:f a CDPD mode for tr:ansmittinq data, data can 

be transferred in a substantially uninterrupted manner 

even when the moving portable teminal/handset 11\0VGS from 

15 one cell site area to another. Although some 
internption may take place, no:r:mal redundancy protocols 

supp1y the d~ta which· otheJ:Wiae would have been lost. 
Since the CDfD channels suppo:ct digital data transfer, 

digital encryption techniques (as referred to in Appendix 

20 VII) can he amployed to maintain data security. Thus 

cellular communications can be rendered secure in a way 
not possible with a no:cmal AMPS system. 

Al though. a number of ar.rangem.ents of the present 

invention have been :nientioned by way of eXample, it is 

25 not intended that the invention be lilUited thereto. For 

example, the present invention can be adapted with the 

app:rop.ri!lte use of its expansion ports and connection to 

systems having the appropriate characteristics to eupport 

electronic mail, a modem emulation mode, TCP·IP 
30 connections, call screening, s.utomatic pa;ing 

acknowledgement including messaging, and location 

functions • AC'Jco:rdinqly, this invention should be 

considered to include any and all configurations, 

modifications, variations, combinatio~s or equivalent 

35 ·ar:r:anqeltlents following within the scope of the following 

claims. 



• "1 I ·, 

, JlllllJ """ 11111 Jllll JI JllJ * C L M S * 

22 

CLAIMS 

l. A portable radio telephone handset, comprising: 
an analoq cellular mode conoqunicat!on circuit; a 

cellular digital packet data (CDPD) mode communication 
c;ircuit1 and 

means·for selecting operating one or the other of 
said circuits. 

2 • The handset of alain l, wherein said &nl.l.log 
cellular mode communication circuit and said CDPD mode 
communication circuit are e.rranged in a common portable 
housing. 

3. '.rh~ handset of claim 2, further comprising 
processor means for commonly controlling ·operation of 
both said analog cellular raode and CDPD mode 
aommun~cation airauits. 

4 • ~e handset of ala!Jn 3, wherein said analog 
cellular JaOde circuit compr1ges Advanced Mobile Phone 
Service (NIPS) circuitry •. 

5. The handset of claim 3, wherein said analog 
cellulal:' mode communiaation and CDPD mode circuits 
cQlllprise common radio frequency transceiver circuitry. 

6. ~he 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 c::cmprise a. diversity receiving antenna and a shared 
transmltting/~eoeiving antenna. 
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* C L M S * 8. The handset of claim 3, wherein said processor 
means coaprises meanB for detectin9 a paging signal in 
the CDPD mode. . 

9. The handset of claim 8. wherein sa.f.d means for 
detecting are arranged to operate in a periodic manner • . 

10. 1'he ~ndset .~:f_ claim ·3, wherein said px-ocessor 
means further CQlllprise means for distinguishing a. paging 
signal relating to the CDPD •ode f rmn a paging signal 
relating to an analog cellula~ mode. 

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

12. ~he. handset of claim 8, further compris!nq a 
display arranged to indicate characteristics of a paqin9 
slgital provided by said means for detecting. 

13. The handset of claim 1, further comprising 
ll\eane for enabling voice connunication, and a telephone 
keypad, 

14. The handset of claim 3, further comprising 
means for enabling facsimile transmission in the analog 
cellular illOde, and means for inputting facs~ile data 
into said handset, said processor means controlling said 
f aosimi.le data inputting means and said facsimile 
tl:ansmission means. 

15.. "rhe handset of claim 12, further comprising 
means tor indicating receipt of a paqing signal •. 

16. ~e handset of claim 15, whe.t'o.i.n 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 ala:cn. 

18. The handset of claim 10, wha~in said processor 

:means further comprises means for deterl'Qining identity 

da.ta contained in a paqing signal • 

. 19. The handset of claim 18 I wherein said processor 

means further comprises means for discriminating said 

detected identification and providing app:ropriate control 
I 

sic;inals responsive to said discrimination of said ID 

nmober. 

20. The handset of claim 19, further comprising 

power supply means for adjusting power level responsive 

to said control signals. 

21. 'fhe handset of claim 18, further comprising 

means for !nten:upting communication in the CDPD mode in 

response to detection of a paging signal indicative of 

operation in said analog cellulfU" mode. 

22. The handset of claim 19, further comprising 

means for Cai:J:Yinq out a.n automatic call back responsive 

to said control signals. 

23. The handset of claim 13, further comprising 

means for interfacing with a host tannin.al whereby hands­

free operation is carried out using said handset and said 

host teminal. 

24, A method of paging a· subscriber having a 

portable radio telephone handset comp~ising the steps of: 

(a) maintaining s~id portable ·radio telephonE! . 
handset in a low-power, dormant sta.te1 
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a cellular digital packet data {CDPD) channel; 
(c) analyzing said inaoming paging signal to de:r:ive 

information contained therainJ and 
(d) discriminating between information in said 

paging signal pertaining to a CDPD transmission and 
infor.ma~ion pertaining to an analog cellular mode 
transmiauion. .· 

25. The method of clai.Jll 24, further comprising the 
step of setting up a voice communication channel in an 
analog cellular mode responsive to receipt of a paving 
eigna.l indicative of an analog cellular trans~ission. 

26. The method of_ claim 25, further comprising the 
step of interrupting Gny existing communication in the 
CDPD mode. 

27 .. !rhe method of claim 24, further comprising the 
step of carrying out data transfei: in the CDPD mode 
responsive to detection of information relating to_CDPD 
communication in said paging signal. 

28. A ~rtable communicaUon terminal comprisingi 
· a radio frequency transceiver swi tchably operable in 

either an analog cellular mode or a cellular digital 
packet ~ata (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. 

29 . !'he portable communication texminal of claim 
28, further compris.inq a first interface to an external 
host computer. 
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30. The portable oommunioation texminal of claim 

29, further comp~isinq a second interface for connection 
to a host texminal. 

31. IJ!he poJ:table connnttnioatJ.on texm.lnal of claim 
30, whei:ein said host terminal comprises a cellular 
telephone station having a power supply connected to sai~ 
par:table COD'11luniaatipn term.in.al through said · second 
interface. 

32. The portable cammUnication terminal of claim 
31, wherein said second interface connects audio and 

radio frequency signals f:rom said pot:table communication 
te.aainal to said host terminal for a "hands .freen mode of 
operation. 

33. Th~ po~table communication te~nal of claim 
28, fu:cther comprising expansion means for adding 
functions to said pxocessor means. 

. 34. The pcu:table communication terminal of claim 

28, wherein said processor means comprise two control 
processor chips. 

3S. The portable ccmmunication te:r:mJ.nal of claim 
28, further eempxisinq a power supply module arranged to 
prov~de a plurality of different power levels to said 
poxtable communication terminal based upon operation of 

said portable communication tei:m.!nal. 

·3&. The portable comanication terminal of claim 
35, wherein said power supply aodule is energized by· a 
battery. 

·--- ---
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34, wherein said telephone handset comprises an audio 
codec connected to one of said processor chips. 

38. The portable· communication teminal of claim 
28, wherein said radio fnquency transceiver, processor 
means and telephone handset a:r:e contained wi tb1n a common 
portable housing. 

39. The portable COJlUllUnication tel:lllinal of claim 
28, further aoinprisinq a keypad separate from said 
telephone handset. 

40. The portable communication te111\inal of claim 
34, further comprising an analog-dig! tal-analog interface 
chip connected between said radio f:r:eguenay transceiver 
and one of s~id control processor chips. 

41. !I'he portable communication terminal of claim 
28, further comprising a display. 

42. !he portable communication texminal of claim 
28, further compris!ng a vibrator activated by a paging 
signal.. 

43. 'l'he po:rtahle coaunication tez:minal of claim 
28, further comprising an audible alarm, activated in 
response to a paqinq signal .. 

44. The portable communication tenninal of claim 
2B 1 wherein said radio frequency transceiver includes 
switch-over means fo:c: compensatinq for JttUltipath 

conditions. 

45. The portal:>le c;.ommunication terminal of claim 
44, wherein said switch-over means comprise a diversity 
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:receiving antenna and a shared transmitting receiving 
antenna. 

46. The portable aommunic;ation terminal of claim 
33, fn:rthex comprising a static BAM memo~ dadioa.ted for 
use as a •scratch pad• input to said processor means~ 

47. A··portabla communication termi.nal of claim 28, 
wherein said processor means is arranged to ·assign 
priority to communications in the analog cellular mode 
over communications in the CDPD mode. 

48. The portable communication terminal of claim 
29, further comprising a Jnodem and. c.i,rc:uitry :for ·data 
conunun1cation operated in conjunction with said external 
host CDlllputar. 

49. The portable communication terminal of claim 48 
wherein said data communication comprises facsimile 
communication. 

50. The portable communication terminal of claim 
29,·wherein said external host computer is a_portable 
digital assistant (PDA). 

51. ~ portable radio telephone handset, comprising 1 

means :for communicating in an analog cellular mode; 
means for communicating in a cellular digital packet 

data (COPD) mode1 and 
processor means for selecting operation of one of 

said analog cellular mode and said CDPD mode. 

52.. The handset of claim 51,_ whe37ein said means for 
conuuunicating in tlie analog cellular mode, said means for 
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a~unicating in the CDPD mode and said processor means 

are arranged in a common portable housing. 

53. ~he handset of claim 51, wherein said processor 

means Canu\\Only controls opuation of both said means fo:r 

communicating in an analog.cellular_m.ade and means for 
communicating in the CDPD mode. 

54. The handset of claim. 53·, wherein said analog 

cellular mode comprises Advanced Mobile Phone Service 

(AMPS) suppo.rting voice ccm1muniaation and cellular 

circuit switched data communication. 

55. The handset of claim 53, wherein said processor 

means comprise a pair of integrated circuit processor 

chips. 

56. In a portable data communication terminal 

including a radio telephone handset, a controller 

comprising1 
a pair of microprocessor integrated oirauit chips 

arranged to share contr0l functions of said data 

terminal, said pair of microprocessor inteqrated. ci.rcuit 

chips comprising means" for cont.rolling aald handset to 

operate selectively in either of two communication modes. 

57 •. A portable data te:cminal and handset of claim 

56, wherein the two communication modes comprise an 

analog cellular mode and a cellular diqital packet data 

(CDPD) mode. 

58. The portable data tez:minal and telephone 

handset of claiJn 57, wherein said analog cellular mode 

comprises Advance Mobile Phone Service. (»ms) • · 
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59. The portable data termi - .. · _ .. --~ 

handset of clainl 58, wherein said controller compriaes 
means to give priority to communications in the AMPS mcde 
over the CDl'D mode. 

60. A portable personal paver comprising: 
a cellula~ telephone 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 

modes for handset operation, wherein said controller 
controls said handset to receive all incoming paging­
aignals in said CDPD mode. 

61. The pager of claim 60, wherein said controller 
comprises means to control said handset to respond to an 
incoming .pagi~g signal with an acknowledqement signal in 
the AMPS mode. 

62. 'lhe pager of claim 61 1 wherein said controller 

further com.prises means to control said handset to remain 
in a low-power, do::cmant state until an indication is 
received by said handset that communication is desired. 

63. The .pager of claim 62, whe:rein said controller 
further cOJnprises means to periodically detect for 
incominq paging s~gnale in said CDPD •ode. 

64. ~he pager of olainl 63, further comprising a 
display arranged to indicate the presence of an incoming 
paging- signal in the CDPD .mode and identity data included 
w~tb said incoming paging signal. 

65. The pager of claim 63, where~n said controller 
further comprises means for distinguishing identity data 
included with said incOlllinq paqinq signal, and means for 
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dete%llli.ninq an appropriate acknowledgement signal from 

among a plurality of pre-p:cogrammed acknowledgement 

messages, responsive to said id.entity J.nfomation. 

66. '.Che pager of alaim 64, whe:cein said controller 

further comprises means for autona.tic dialing in said 

_.AHPS mode :responsive to said identity data included with 

said inoominq paging signal. 


