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e.~ii."~·.. DATA TRANSFER METHOD AND APPARATUS FOB. 
OOKMUNICATION BETWEEN A PERIPHERAL AND A MASTER 

The preun.t bmmti.m relates generally t.o digit.al data and 

amlos voice tnmmrisliom in a radiotelephone unit. More 
10 pmiieulmly, the present invention relates to the conveyance of anaEog 

voice messaps by a hilh speed data bus between subsystems of a 

mllular nutiotelephone and! the mBClving of bus ccmtention mid bus 
mllimona. The present invention is related to U.Se Patent Application 
No. 07nS2Jj72. "Prioritized. Data TmMfer Method and Apparatus for 

15 a Radiotelephone Peripheral" filed in beha]f of Smolinske· et at on 
Jcly 18, 1991 and uaiped t.o the same usignoo. 

A communication 111tem which transmits information 
between two locations includes a tnmmmtt.er and a receiver 
mterccmnected by a transmiuion channel. An information sipal 

20 (which contains information, for aample, an analog voice message) 
is tranamitted by the tnmnmitter upon the tnmsmiuion channel to 

the receiver which :receives the tnmsmitted information sigut 
Tnmrmitwa and receivers may be contained in a single 

apparatus so that the appaiatu& may both tnrnmdt and receive 
25 oommunications over radfo .. &equeney channels. Cellular 

radiotelephones contain such transmitters and mmivem together 
mUecl transceivers. 

The signal t.o be modulated may be an malog information 
signal {for example, a voice message) or a digital informatiem signaI 

30 (fer mwnple, an all-ead.y digitized meusap) .. When the signaI to be 
modulated is an analog signal, separate hardware signal lines an 
Med to carry the analog signals and digital signals t.o the point in the 
transmitter where the ld.gna].e are modulated. Signals are input to a 
cellular radiotelephone at the user interface portion of a cellular 



mdiotelephone. Genenilly, devices such as microphones, keypads, or 
ether means for inputting information mgnaba into the 
radiotelephone may be contained in the user mtmface portion.of a 
mllu1ar ramotelephone, or other extemal devices, such u facmmile 

5 machi1181 er extemal handsets, can be connected t.o input 
information to the cellular radiotelephone through a user interface t.o 
the eelluJar radiot.elephone .. 

The receiver of a ndio communication vstem which receives 
the modaJa.ted information mgnal from eleetrom•petic energy 

1 O mntaiu mcmtry to detect, or to othenrile recrea.t.e, the information 
ligmd modulated upon the amier ligwd. The p~ of detecting or 
mcrutmg the information ligmd hm the modulatal ligwd is 
:referred to u dmnodulation, and mch circuitry for perf~ the 
demodulation is referred to u demodulation drcuitr,f. The circuitry 

15 of the nmiver is mnstnu:ted t.o detect, and to demodulate modmated 
signals which have bee.u previously modulated by a transmitter 
modulator .. 

Subooquent to demod~tion, the m.igimd signal! input by the 
wmr may be reconstructed, generally, after fmther ~of the 

20 demodulated signal is done to eliminate noiae added in the 
tnnmmMion of the signal over the radio-freqwmey dwmel. The 
~d signal is then ontput at the usm- interface on the 
:receiver side of the radio system where devices eueh u speabn, 
displayss or facsimile mw:hines may be interfaced to the radio 

25 system. 
Conventional cellmar mcliot.elephone systems raquin the 

tnmmnitter and receiver to operate mmultanecwdy cm dift'enmt radio 
frequencies. The signals modulated by the conventional cellular 
mctiotelephone tnmamitter and demodulated by the nmiver me kept 

30 upamte from each other in the cellolar radiotelephone unit. Newer 
mllullar radiotelephone systems do not reqmn the tntnmnitter and 
:mmver to operate simultaneouslly on dill'e:nmt &equencies. 



In prior cellular radiotelephone units, analog information 
~ were modulated and. tranmmtted. along with digital 
infmmatim ligmds, therefore, separate panllel hardware pa~ 
wen pnenlly necessary to cmTJ' the mm?oar signals and digital 

5 aipals to the modulation circuitry in onler to tmnmnit the lipa11. 

~. m general, cellular mctictelephones processed analog 

~ - wen u digital data information. The promising and 
tm111tm1t)amon of the analog signals within a ecmventiomd cellular 
radiotelephone required additional hardware m the form of 

10 hardwan signal lines and signaJlinr hardware devices that were 
~te from the digital data signal lines to convey the amalog 
lipall through the cellular :radiotelephone from mer interface 
pm"ti.cm& of radiotelephones to the ~er. Thm11 eallular 
radiotelephones have parallel hardW81'8 paths for analog mpals and 

15 digital data &igmds from the user mted"ace portion of the cellular 
radiotelephones to the central signal~ portion of the 
mdioteiephonea when the amdog ~ may be pmc88sed ad 
dilital mpa!ls properly formatted for modulation and trampgi1mon. 

Becaue a decreue m the me of radiotelephones is a desirable goal 

20 in cellulm' radiotelephone technology, minimUat.ion of exceu 
hardware requires that parallel pathss such a the one between the 
user mtmfaoo portion of a radiotelephone and the mntral mpaJ 
proceasinc portion, be avoided wherever possible m order to decreue 
the mze of mllular radiotelephones 

25 Examples of serial digital data buses which are presently used 
in parallel hardware paths with analog sipals may be found in a 
asynchronous self~docldng digital data tnmmnimon system 
desenlled in U.S. Patent No. 4,369,516 to Byms, a 

syndmmoM/uynchmnous data bus system described in U..S. Patent 
30 No • .ft,972,432 to Wilson, a mdiot.elephone peripherall bus syBtem 

ducribed in U.S. Patent No. 4,680, 787 to Mari-y; and in U.S. Pat.mt 

No. 5,060,264, ""Radiotelephone Controller Configured for Coresident 

Secure and Non.secure Mod.es" to Muellner et at 



The synchronom/asynchronous data bus, U .. S. Patent No. 

4.S72,432, dMcribed a uyncbm:noWJ data ~on BY&t.em 

layered on a Blower selfacloeking s:yncb.nmoWJ tranmnission system. 

The uynchmnou data tnmamimon syntem had much faster data 

5 tnmlfer capability than the aynebmnous data transmiamon system 

deambed m U.S. Patent No. 4,369,516 to BJmS. This wu a 
pmticum]y important cbmacterlstic when w,ine t.o integrate aw 
fmlctiom of a portable~ with a mobile type 

mdioWepbone peripheral to take advmdap of mpmior mobile type 

10 ~sties, such u power output, using a minimal amount of 

time for the required tnm.lfw of data. An enmple of a mobile type 

radiotelephone peripheml is descnDed m U.S. Patent No. 4,680, 787 

"Pmtable Radiot.elephone Vehicular Convmtm' and Remote 

lfandutt'I, a CVC, to l\lany. This integration WU accomplished by 

15 splitting radiotelephone f\mdions betwoon the eve peripheml mid 

the portable radiotelephone. User variable famc:Uom allocated to the 

eve and mdio functions, like call ~- were left in the 

~e. This requind a much Cuter traDafer of mfmmation over 

the cellular radiotelephone data bus m order to integmte 

20 mctiotelephcme fund.ions and information between the portable 

ndict.elephone and the eve periphem than pctBmDle with the 

aynebmnous data tnmsmission invention descn9bed in U.S. Patent 

No. 4,369,516 to Byrns, and the synchmnousl~us data 

tmnmmmmm system, U.S .. Pat.ant No. 4,972,432 to Wilison, met the 

25 requirement of providing greater speed for the t.mnsfer of data 

between the radiotelephone unit and peripheral. 

Cm-mntly, them is an even greater demand for faster data 

tmmfer in cellular radiot.elephones because the incmaood number of 

noon on present cellular systems have strained cellular 1ystem 

30 capacity. Cellular iystem.s require more efficient use of the resources 

available for cellular systems. 

One manner in which eellula:r syst.em capacity ecmld be used 

mom efficiently is to send more messages within a given period of 

time. This could be accomplished by digitizing all messages sent on 



the m111dar syatem by cellular radiotelephones, and then sending the 
modnlat.ed. digital messages sequentially to the individual mllular 
mdiot.elephones operating on the system. Moreover, digitizing all 
mmmqM would also enable cellular~ to use the cellular 

5 ~ radio--frequeney apectrum mom efficiently because digitized 
amlca mm11ap1 use less of the radie>sfirequcmey spedmm than 
mwloC wice meaaaps. Thmefom, more digitized voice mesups 
amld he sent over a portion of the radio-frequency spectrum than the 
equivalent analog voice messages. One manner of doiq this is to 

1 O disitize the mmaps at the mer mteifaee to the cellular 
radiotelephone, and then send the meuaps to the central ~ 
portion in the radiotelephone tn.nscmver on a high speed data bu, 
ad tha to the modulation point in the transmitter. Analog 
mesups, particularly analog voice messages, could not be digitized 

15 and sent cm data buses previously uud m cellular radiotelephones 
because the data buses were not fa.st enough to adequately scmd 
digitized. malog voice meuaps, that were digitized m a real time 
n>asnner, from the user interface to the kamceiver portion of the 
cellular radiotelephone. For this reuon a higher speed data bus for 

20 cellular radiotelephones is necessary. 
Moreover. much higher capacity 111tems, such u the time 

division multiple access (TDMA) ~. are forcblg cmrent 

pneraticm cellular radiotelephone units to process cligital data and 
amdog signals at much higher mtes and to be more 8mble in 

25 hmutling data than the aforementioned data tnmsmismon systems. 
In TDMA cellular radiotelephone systems, it ii generally desirable 

that analog voice m~, which come &om the Ulm" input mto the 
:radiotelephone in a continuous manner, tab priority over digital 
data or digital control messages bemuse the contmumm nature of 

30 voice mesuges dictates constant sampling of the input while a voice 
messap is being input, e.g .. , at a radiotelephone microphone, 

othenrise there will be gaps in the voice message; on the other hand, 

cligi.tal data coming into the radiotelephone unit is already in a form 
mch that continuous sampling is not required because e!TOl'I in 



routine digital· dam messages am be readily detected and messages 
am be stored and retrieved from storage and mmm.t if an error is 
~Thus it would be desirable if a high apeed cellular 
radiotelephone data bus accommodated analog vmce messages input 

5 at the radiotelephone uer interface in a real time manner, without 
mtm-mption, as well as already digitized mmmqes. 

Not only are minbmution of hardware and mcmased data 
tvraw6r apeed important considerations for eliminating amdog 
mgna]s bm cellular mdiotelephones, but conversion, tmmmission, 

10 and storage of analog voice meMage signals in digital form gives the 
cellular mdiotelephone (and cellular system as well) greater 
8en1Jility and quality becauoo once the message is in a digitallye 
~form it can be st.omd, processed, and retrieved in a 
uw.Dner whereby the sips! is not lost m- subject to the type of ligmd 

15 degradation that occun m proeesshlg, tnnumutting, and receiving 

analog signals. 
Therefore, it would be delimble to pmvid.e a high speed data 

bus for a cellular radiotelephone that transmit.a data fast enough to 

allow the cellular radiotelephone to function in a cellular 511tem that 
20 has greater message throughput than cummt ceD.ular systems 

(mch u a TDMA cellular syat.em). It would also be desirable if the 
high apeed data bus were fast enough.to allow a reduction of the 

number of analog and digital data signals paths in the Cellular 
radiotelephone by digitizini the analog voice meuap signals at the 

25 mmr interface portion of the cellular radiotelephone such that the 
smne signal paths could be used to carry digital dat.a messages u 
well u the digitized analog signals to others~ of the 
cellular radiotelephone u well u to peripheral devices which might 
oo used with the cellular radiotelephone. It would mo be desirable H' 

30 the tnnmniasion of digital data tnmsmitted over the high speed data 
bus did not cauae a degradation of the digitizSd voice messages in a 
cellular radiotelephone. It would &loo be desirable if the data bus 
system were able to allocate the bus dynamically oo that multiple 

peripheral devices, such as multiple voice periphem!s or fac:simile 
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machines, could use the :radiotelephone in order to more efficiently 
use the ooUula:r :radiotelephone and the cellular system. -

Sum_matY-_of the lnventfon 

Acoordmgly, the present invention provides a data transfer 
apparatus for a radiotelephone periph.e:ral using a time multiplexed 
data bus fo:r communication with a master mrlt, comprising means 
for generating a contention determining field, further comprising 

10 means for generating data :representative of priority in :response to a. 
busy condition on the bus when the :radiotelephone periphe:ral is 
powered up; means fo:r accepting a plurality of data bits; and mean.s 
for assembling said contention determining field and said accepted 
data bits for transmission in one time slot on the time multiplexed 

15 data bus. 

FIG. 1 is a lblock diagram of a ceRlula:r system utilizing ooUutlar 
20 radiotelephones which may employ the present invention. 

FIG. 2 is a diagram depicting two principal portions of a 
cellular radiotelephone which may utilize a high speed data bus to 
communicate with each other. 

FIG. 3 is a bit diagram of the format for a message sent from a 
25 bus master to a device on the data bus of a cellular :radlfotelephone. 

FIG. 4 is a bit diagram of the format fo:r a message sent from a 
device on the data bus to the bus master. 

FIG. 5 is a diagram of a ceUula:r radiotelephone interconnected 
by the data bus to an external periphe:ral apparatus. 

30 FIG. 6 is a diagram depicting the relationship between the 
individual data timeslots of the dlata bus protocol of the present 
:i.nventfon. 

FIG. 1 is a block diagram depicting the apparatus within a 
device oonnected to the data bus used to determine bus contention 

35 with other devices connected to the data bus and the device address. 



FIG. 8 is a diagram depicting the sequential nature several 
devices may use to &end. data to, md from, the tnmsceiver cm the data 
bus. 

FIG. 9 is a diagram depicting the imam data ftow paths, 
5 formattmg11 and protocol handling ~ for digitd data and 

digitized voice messages sent to the data bus for trsDuniasion t.o the 
tftn_nseeiver portion of the radiotelephone or other peripheral devices. 

FIG. 10 is a block diagram depicting a peripheral device (and 

m~ding data flow) which may receive the digital data or 
10 digitized analog voice messages sent cnw the data bus from a 

tmMceiver portion of a cellular radiotelephone, or other periphend 
dniee conneet.ed to the cellular mdiotAtlephone user interface by the 
data bm. 

FIG. 11 depict.a a diagram of the clock med for Manchester 
15 encodmg data bits tnmmritted by the data tmmfer apparatus, as 

well u samples or 8 bit streams having the values 254 and 255. 
FIG. 12 depict.s a diagram for the outputs of the Collision 

Detect cimmta for two data tnmsfer app&mti which me mnt.emlimg 
for acma t.o the data 'bus, and. the remtltinr determination at the 

20 eighth bit of the stream.. 
· FIGS. 13A .. 13D an flowcharts for the pmceu of now control fer 

the peripheral tnmsmittmg to the muter (FIG .. 13A); for the 
peripheral receiving from the muter (Fl[G. 13B); for the master 
receiving from a peripheml"CFIG 130); and for the master 

25 tnmmnitting to a peripheral (FIG. 13D). 

FIGS 14:.A mid 14B an ftowchmtl for the process of register 
Mlection m the muter (FIG. 14A) amt the peripheral (FIG. 14B). 

FIG. 15 is a ftowcbart for the pmee11 of power up employed by 
the peripheml. 

30 FIGS. 16A and 16B are ftowcluuts for the process of peripheral 
priority ftow oontml for a priority aumo messap (FIG. 16A) and a 

special priority message <FIG. 16B). 
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In order to accomplish the aforementioned needa, analog 
5 mpa! mel8q88, in pm1ieular analog voice mpW messages {which 

~real time sampling and~ not realizable on data 
bue1 prericmaly incorporated in mdiotelephones), are ctigitized at the 

. uer interface of a radiotelephone and then tnmmmtt.ed to the central 
processor portion fast enough to meet the sampling and pmceuiDg 

10 nquiremmts of such real time mess~ M~ transmitted to 

the am.tnd radio pmeeuor for pmceuing me ftow ccntl'olled, a . 
determination that said meuap is a data mesaap, and me•qes 
tnmmmtted to the speech~ of the radiotelephone are not ftow 
controlled, thereby enlumdng the read time pucessing capability for 

15 digitized analog voice me1sage1. 
A time ,.]otted data bum which all the time slots are 

contained within a hme is employed. Meuap1 are 1mit within the 
individual time dots of a frame. Time slots may be allocated t.o 
individual peripheral devices for esdi frame, or sevcmd peripheral 

20 devices may time multiplex over the mune time slot. Each frame 
contains at least one general use timl8 mot which am he used for 
m•sagoo other than digitized m:mlog voice m81UP& The data 
tnmsfer apparatus can be med either to receive mesgga sent to it 
over the data bus or to tnnimit mesgge1 ewer the data bus. 

25 The d.at.a transfer apparatus creates two different :message 
formats. one for messages to periphend devices from the b~ muter · 
(downlink messages), and an.other for mesages from the peripheral 
devices to the bus muter (uplink m~). ])ming the data bus 
~up procedure. data bus contention is ruolved by information 

30 which reaches the data bu a the fourth of four fields (data bit field) 
contained in the uplink meuages; this information is retrieved from 
a memory device. In the caoo of uplink meuaps after the startrup 
procedure bu been executed, bWI oonten.ti+m is resolved by the 



mformaticn contained in the fimt three of the four fields comprising 

the meuqe for.mat. 
The data tnmsfer apparatus am l"eCGi.ve uplink messages at 

more tblm me mput port. One of the input pm18 is for inputting 

5 digitiucl analog voice messages and also for inputting information 
(retrieved from a memory device) wal during tbe data bus sfa.tt..up to 

de~ the addreu with which data trmlsfer appuati connected 
tD the high speed data bus wm be able to &ceel.I the high speed data 
bwJ. The other port ii used to input digital data messages and 

10 meuagu of the highest priority .. MMISl'M am routed, and priority 
and baa amtention me dot.ermined, by the in.put port the messages 

wie to mter the data transfer apparatus. In order to operate at the 
high speed l'9qUired to ample and procea digitized m:mlog voice 

me..-t and also accept ctigitld data meuqes at the other input 

15 port. the data tnmsfer apparatus has intemal devices which are able 
to receive information m bit &mn from other devices and to create a 
48 bit data field from the received information.. All mesgps sent 
oyer the data bus ccmtam 48 bit data fields. In addition, 16 bits (the 

header) are used for mesaage hm:ldling information, included among 

20 these 18 bits an a priority field, a register oolect field, and a field 

designating the address of the device originating the messap. These 

16 bits are cmated within the data tram.fer apparatus in different 

locations and are routed dill'enmtly over the data bu, depending on 
the type of mesgge, i.e8~ volce, ncm~voice, highest priority message, 

25 or starlrup procedure message. The messages am coded befo:m being 

IOODt over the data bus, and the ooded meeuge is aloo used to 

determine bus contention when seveml devices are connected to the 
data bus. 

The data transfer apparatus is also able to receive messages 

30 sent to it over the data bus. The data tnmafer apparatus determines 
the appropriate output location for the mes.P sent to the data 
transfer apparatus according to the 16 bit header information. The 

received messages can be routed to the same devices which comprise 

the two input ports mentioned above, ~on what the message 
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~ is, i.e., voice:t non~voice, higlboot priority message, or a start-.up 

procedure message 
Om application which may advmtapowdy employ the present 

invention is that of a cellular ndiot.elephone in which a minimum 

5 nmnber of lignal lines, and usociated mdiotolephone hardware, 

aids in the m.iniaturimtion of the radiotelephone equipment. 

.&ld!naab tha ilwlllldiaa ia tl11ded1 wiiil mliietelepiuams 0M-tb9 

iwelusedl 1mke:iim1m. tlto-mveldHD may-juki8-weD • 1mplo,ed m~~ 

etMl'-applkati ... i.~~.-~---Ji~ 
10 a1111inatiiq-iatieJ"ceuedkm: ... 1qmpnte&t-empl1Ji~e p101mt=· 

a.1ati1Dr 

In the preferred embodiment, all information input to a 

mctiotelepbone is digitized at the mer interface portion of the 

radiotelephone. 10 that analog lignals am no l.onger tnmsmitt.ed 

15 mncmg the subsystems of a radiotelephone, nor are analog sipals 

directly modulated for tnmmnission over the radio~&eqwmey 

channels used by a cellular radiotelephone system. Radio--frequeney 

spectnmt is conserved because digitized information sigmds are able 

to cany eqmvalent :information as non~gitized signals in a smaller 

20 portion of the radio--frequeney spectrum. Aooonfingly, the present 

mvm~on mmd be used in conjunction with a &yBtem such a TDMA 

cellular 5ystem so that radlio--f.reqwmey spectmm is used mom 

efticiently. Moreover, digitizing all~ at the w;er intmfaoo 

portion (or within periphend devices connected to the radiotel.ephone 

25 over the data bus) redums the number of signal lines used t.c 

mt.erconmd dilferent sub-systems of the radiotelephone. This 

corresponds to a radlw:ticm of hardware requirements, an important 

factor m reducing the size of radiotelephones. Additionally, the 

present invention is fast enough to provide fo:r simultmoous 

30 connection, and operation, of several peripheral communication 

devices, voice and nonsvoice, to the radiotelephone. 

Cellular radiotelephones provide the &SIM type of fully 

automatic service to a mobile or portable radiotelephone user that is 

provided to a oonventional land line telephone subscriber. In a 



ce.llular radiotelephone IYI~ service is provided over a wide 
pogmphic area by dividing the area mtc a number of ca1h. l'n a 
mnventiomal cellulaT 1JStem, each cell typically bu a hue station, 
which prorides a aignalling radio channel and a number of 

5 m.diotelephcne voice channels. A hue station contains one or more 
:recdven 135 and tranmmtten 133, u well u mnt:ml and other 
cir=dtry 131 to operate the base station 11? .. Telephone calls are 
placed to, md miginated by, radiotelephones over the sigrmlHng 
ebmmel m each cf the mils. A general ~tion of a call in the 

1 O ~is depicted in FIG. 1. Depicted in FIG .. 1 me a remote 

radiotelephone unit 113 controlled by cell hue station 11? through 
which the radiotelephone unit 113 may mmmm::W:ate with second 

remote radiotelephone unit 119 within tbe cell mntmlled by the blue 
station 117 e Each radiotelephone within the cell typically bu both a 

15 tmnamritter 101 and a receiver 103 portions u well u a UHr interface 
pmtiml 105 where the radiotelephone uer may input information 
into the tTanmnitter 101 after necessary signal processing in a 
central mgnal processing portion 111 .. This central trignal processing 
portion 111 contains the amtnl computing p?'OC8UOr for the 

20 radiotelephone and is pnerally loeated in the portion 121 of the 
radiotelephone which contains the tnuwnitter 101 and receiver 103. 
In a mnventiomd syatem, upon completion of the msnalling, the 
radiotelephone is uldgned a radio voice channel to which it mtchea 
fmm the radio signalling cliannel for the duration of the can. In t.be 

25 event that a radiotelephone leaves the cell and entem a.not.her cell, the 
radiotelephone is automatically switched over, or handed oft", to an 
available voice channel in the new cell. 

The SJSkml of the preferred embodiment has been. designed to 

operate in a cellular remote radiotelephone unit that wm operate in a 
30 time division multiple access system (TDMA), although it could be 

uood m any automatic :radiotelephone system. A conventional 
radiotelephone sends information mgmda among the dHfensnt 
fmldiomd blocks that make up the radiotelephone u well u to 
peripheral devices connected to the radiotelephone. In a conventional 



telephone, amlog signals and digital ~ are routed from the 
portion of the radiotelephone wham the sipal1 am input into the 
radiotelephone to other fmd.icmal blocb m the mdiotelephone. 

For example, in a mnventimud mctiotelephom. a wser will 
5 ~ int.o the microphone input of a cellular mdiot.elephone, and 

then the amWOl lipal (voice measqe input) will be ~t.ed on ·anaiog 

lipa1 lines to the tmumitter modulator, where the analog voice 
me11ap mpal will be moddated and a~tly tnmmnitted out. 
This analog signal is tnmmdtted through the cellular 

10 radiotelephone system to a radiot.elephone receiver which mcmvu 
the analog voice mesnp input.. Thus m order to pt the analog voice 
information mto the cellular radiotelephone system, two analog 
lipml lines are required. 

On the other hmd, a digital lipal input. for eumple a keypad 
15 pmas UMd to dial a mser telephone number, will he routed on 

different signal lines, and be processed by the central radio proceucr 
before it u 1ent t.o the t11numdtter to be modulated and transmitted 
out to the cellular· ractioWephcme syatem.. Thu, this digital si.gnd 

tnmsmission to and through the cellular nutiotelephone ayst.em 
20 mquires additional hmdwlU'e mpal lines to send the information 

&om the keypad prea device to the tnmmnitter in order to send tbs 
information through and to the celluhu- radictalephcme system. 

Moreovm:, m a mnventional radiotelephone them am Bep&mte lines 
for analog voice messaps ai.dl digital signals that am to be sent to 

25 ud through the cellular radiotelephone system from the mm 
interface/input portion of the radiotelephone to other pmtiom of the 
radiotelephone. A radiotelephone unit system employing the present 
invention bu the need for separate signal lines to carry information 
fmm the user interface portion of the radiotelephone to other portim:w 

30 of the radiotelephone eliminated by the digitizing of all analog voice 

messages input to the ramot.elephone at the User mterlBce of the 
:radiotelephone, and the sending of digitized analog voice um.plea to 
the centnl radio proceuor portion of a mcliotelephcme. This 
radiotelephone unit accommodates digital data messages as well, 



and allows the digitized analog voice samplet to be processed fut 
moqh tD emmn the digitb:ed analog voice me of good audible quality 

whm remvemd·by a radiotelephone ~and 1'8CO!Wtructed for 

UM by a tuaer of a cellular radiotelephone system. 

5 The preferred embodbwmt of the pl'888Dt invention em~oys a 

time slotted data bm fbr lemtiq qptal data m.easeps and digitized 

analcg voim m.eua.gu betnen the mer interface portion and other 
ftmdkm b1odm of a radiotelephcme (inclmti:q peripheral devices 

which may he attached to the cellular mctiotelephone) .. 

10 The time slotted data bus, M depicted in the format of FIG. 6 

mnploys m time dots 003 sent over a period of 750 microseconds, 
called a hme 001. Each time Blot is formatted u shown in FIG .. 3 

ad FIG .. 4. The data bus utilize& two w:ddirectional tnmsmiuions, 
fmm the "bus muter" (the amtnl p~ 111 m the 

15 radiotelephone 113) to other dericel with data tmMfer apparatus to 

accept meuapa, or from other dmcn to ti. bus master or to other 
devices. Meuages are defined to be either dowmmk meseaps which 

have a messqe format u shown in FIG .. a. or uplink meuages 
which ban a format u shown in FIG. 4. The downlink menage• 

20 are meM8p8 sent &om the central mpal pmCMSing and computing 

portion (The lm8 master 111 or 206 u ccmtained in this portion of the 
radiotelephone unit) 207 of the twliotelephcne (In the caae of a mobile 

mdiotelephone, this pmtion is contained with the tranaceiver in a 

single w:dt 201 cmm.ected to"" a user mtmface unit 203, e..g., a handset.) 

25 to other pmticma of the radiotelephone such u the waer mt.mfam 

portion 203 of the radiotelephone, or to peripheral derices which may 

be mr:m.eeted to the central signal pmoosmng and computing portions 

205 of the mdiot.elephone. 
Referring to FIG. 3, downlink meuaps ·provide a format of m 

30 fields: a Synchrommtion Field 303; an Aclmowledgement (Ack) Field 

305; a Time Slot Number Field 307 which is &loo Wied by perlphmal 

devices to synchronize the time slots in a frame; a Register Select 

Field 309 used to select a particular mgi.ster within the addressed 

data transfm.- apparatus device; a Destination Address Field 311 used 



to specify the device mnnected ever the high speed data mm which is 
being~ by the bu muter; and a· Data Field 313 mled to amd 
information whieh·will be used by the addreued peripheral device. 
The ~ti.on Field 308 is used to control time aHgmnent on 

5 both the uplink and the dovm1ink mesages and is sent at the 
beginning of every downlink time slot. 

Uplink mesngea me mes..- sent to the central Bi.pal 
pmcesamg mid computing poriiom 201 of tiw ~- from 
other pmt.ioM of the mdi~. or flrmn peripheral devices 

10 attached to the radiotelephone, over the preaent invention. 
As mown m FIG. 4., the uplink menage format provides four 

fields, it hu an eight bit Priority Field 403, a four bit Register Select 
Field 405, a four bit Source Addrel8 Field 407, and a forty..mght bit 
Data Field 409. All of the &elck, including the 48 bit data field. are 

15 used to determine bm mntenticm. among data transfer appamti 
which emmnmdcate with each other over the time slotted data bus. 
This is done by a sequential bit.-byebit comparison scheme in each 
data tnmlfer apparatus heginmng with the molt Significant bit in 
the 64 bit word (m the Priority Field portion of the word) and ending 

20 with the least significant bit (m the Data Field 409) .. Each 64 bit word 

u transmitted in a time slot of the data bus frame 601. 
Additionally It unique time slots within the frame 601 of the data 

bu format are allocated by the prtelmlt bmm.tfon to peripheral 
dmces which accept analog voice meaaps in order to transmit the 

25 digitized voice messages to the central speech pmeesmng device 223 
(m the logic portion 207 of the mdiotelephom 113, 119) at a rate to 

ensure that voice meuages are adaquatelly tranmnitted by the 
radiotelephone 113, 119 to the cellular system bue station 117; 
periphe:rW devices means the· uer interface portion 105, 203 of a 

30 m.diot@lephone 113,119 u well as pe:riphemJ. devices externally 
mnned.ed to the radiotelephone, e.g.1t an atemal handset 109, a 
facsimile machine 107, or similar peripheral device 511. 

As mentioned above, the data bus frame 601 m the preferred 

embodiment is 750 microseconds, them am six time slots per frame 
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SCil, and f'orty..m,ht data bi= time sl~ therefore, the throughput 
of data bits by the preaent muaaa:: is tbme hundred eighty four 

"' tbowmnd bit.a per semnd. If the nonoodata bits me accmmted for, the 
t.oW ~tu based on mxty .. fom- hits pr time slot and the 
pmsmt,.m..= hu a total throughput of &ve hum!red twelve 
tbowmnd bit.I per second. In either imtanc:e, t!ds thnml'hput is an 
order of magnitude faster than that generally available m 

. ~onal ceDular radioWephones.. This throughput is important 

becaue it u much higher than conventional data bwms found in 
cmrent cellular radiotelephones. Thi1 throughput is neceuary in 
order that pmi.phenll devices mch ms a handset for moln1e 
radiotelephones en contain digitmng devices ( m~ 
tfcodec" 213) and the data tnm.sfer apparatus 211 am traMfer this 
dllitiwl information to the main radiotelephone pmcesscr 205 fut 
mwgh for pmcemdng lmd stomp without a loss of digitiuc11 analog 
voice muup mformation.. 

In order to accommodate receiving and pmeeasing 
mibrmation ~ over the radio frequency link between the base 
atatfon 117 and :radiotelephone 113, 119 ad fmm the user interface 
pod.ion 105 of the radiotelephone, the data bus is med in a 
radiotelephone arcbitectme as shown m FIG. 2. In this architectme, 
analog voice meaagee may be input at the microphone 209, ibrther 
processed as an analog signal by the audio mntrol circuitry 221 of the 
mdioWephone, before being digitized by the codm---decoder 213 which 
provides for the digitalsf.o.mmlog and analogefioedigital convenion of 
speech or other m:udog signals. The codec 213 converts the received 
ealog voice message signals to a stream cf binary bits and can be 
med to remnvmt stored binary bits to a replica of the original analog 
signals, such u synthesized speech signals. 

After the mciec 213 has digitized the awdor fipa]a into digital 
mes~, it then transmits them to the data ·tlr'm'.wfer apparatus 211 
where the digitimd analog messqe is sequentially shifted bit--by .. bit 
into a 64 bit register within the data tnmsfer apparatus. In the case 
where the codec 213 is a companded cod.ec, six 8 bit frames as shown 

------· 

11iiif 



m FIG. 8 are sequentially ahif'ted into the 64 bit register (only 48 bits 
U"e data, the other 16 bits are control bi.ta for the time &lot) within the 
data tranlfer apparatus from the codec 213. In the awe of a linear 
mdec, which taku lmpr samples and does not oompresa data, three 

5 18 hit codec frmml am ~Y lhifted into the 64 bit register as 
M.own in FIG .. 6 .. The method described in the preferred embodiment 
is not limited t.o codecs with these ccmftftdon rateL If a higher rate of 
information processiq ii necessary, the frame time period am he 
lhmtened ~' and higher convendon rate codecs could be 

10 WlGd m place of the comp.anded and linear codec devices. The 
intmductiml of the codec at the mer interface portion 200 (for 

aample a mobile radiotelephone handset i1 such a user interlace) of 
the cellular racliot.elephone is an improvement over pmviou cellular 

, radiotelephone designs, because by being able to tbnmchPut data at 
15 the rat. that it does, it is able to proceu di,ptized amdog voice 

meuapa which reqnb-e a much higher access (sempliing) rate than 
that allowed by prev.ioua data buses used t.o ccmnect the mer mt.erfam 
portion 203 cf a radiotelephone to the main proceuor 2.06 of the 
radiotelephone, u a result this bus eUminates the need to supply 

20 uparate analog signal lines and related hanlware to auTJ' analog 
~ ligmds to the cellular radiotelephone's pmcmmmg portion 
from the uer interface portion 203 of the cellular radiotelephone. For 
aample, a compmded codec operating at an 8 KHz mt.e requires a 
64 Kbps data mt.e5 The,~ of the preferred embodiment is able t.o 

25 accomplish, and furthermore, to accommodate five user interlace (or 
other peri.phenl devices w.00 to input voice meBSaps to a 
radiotelephone) devices with such data tnm.d'er apparati.8 

Furthermore, because the syatem allows all analog voice messages t.o 

be digitized and sent over a digital data bus, it reduces the number of 
30 signal lines required to conned the uoor interface (handset portion) 

portion or the cellular radiotelephone from eiiht lines to four which 
is an important factor in being able to down size radiotelephone 
equipment. 



Flow amtml bits Wild other format bits are added to the 48 bits 
lbifted into the 64 bit register to mm.prise a bu format u depicted in 
FIG. 4 for :meuapa that an sent to the central pmceuing portion of 
the radiotelephone, which ftmetiom u the bu muter, from other 

5 dmCM which may acceu the Hrial data bu. 
Periphenl devices and the bus mat.er (the centml 

radiotelephone proceuor) interconnected over the high speed data 
bM require the data tnmaf'er apparatu 211, 219 in order to: properly 
fommt data bib! of digital data mwaps and digitbed amalog 

10 messages tnm.mitted over the hish speed data bus; be auipwd. time 
slots for transmitting over the high speed data bus; determine bu 
oontmticm over the high speed bus; and to receive meaaps &om the 

bus mat.er .. The data tnmsfer apparatu 211, 219 am be used. and 
~for use cm the bu mater side of the data bus or the 

15 periphmal device side of the data bus. The data tmmfer apJlfDiltwl 
211, 219 can be used to receive er transmit meuaps over the data bus 
and it am process digital data ~ or digitized analog voice 
messages. 

For sample. m the case of amlcg voice muaps input to a 
20 peripheral dmce such as a handset, the data tnmsfer apparatus 211 

in a peripheral device allows the mdiot.elephcme data bus to accept an 
analog voice message &om a pmiphenl device 208 mch u a handset 
u depicted in FIG .. 2 after the analog voice muyp bu be&m 
digitiad by using an approPrlat.e means such u a mde~er 

25 (Other types of peripheral devicM may else be used with tbs present 
invention, for instance FIG. ti pmtraya a dilfenmt device, such u a 
facsbm1e syst.em 611, which may oond mfcmmaticm through the data 
transfer appmatus 211}. The data tnmsfer apparatus 211,219 may 
then send the digitized analog messap to the eentml processing 

30 portion 201 of the radiotelephone, or some other peripheral device 
connected to the high speed data bu. 

The data transfer apparati 211, 219 contained in peripheral 
d.moos that communicate over the high speed dat.a bus (either on the 
bus muter side or peripheral device side of the data bus) is depicted 



m greater detail in FIG. 1, 9. and 10. The data tmmfer appamtws a 
depictad in FIG. 1. 9, ad 10 is the aame dmce whether it is on the 
km master mde 219 or on the peripheml dmm Ride 211 Q(tbe data 
bu. FIG .. 7, 9, and 10 depict difrenmt operatimg cowlitiorm under 

5 which the premmt invention is used, amd the variable operations 
pmfmmed by d.eYiees within the data tm.md"er appm1.tus 211, 219 
dependmg on the oparaticma ~ pnfmmed by a data tmmfer 
apparatus, e.g., whether it ia on the bu mum side or peripheral 

dmm aide of the data bu, whether it is U&ed to tmm6r digitized 
10 voice meua.ps or digital data m.es1ages, or whether it is med during 

~up of data bus operation or after stau1rup of data bu operation. 
The data t1ramfer appamtua provides a meebernism to create a 

64 bit word format which is used t.o send and nceive digital data 
~ mid digitized amidog voice m.e:uaps over the data bus. 

15 FIG .. 1 is a block diagram depicting the mecbams:m ued by the data 
tnmfd'er apparatus ccmtmnedl m a pmiphmd device to determine bus 
contention with other peripheral devices, also to determine the 

Periphend Device add:reu over the high speed data bus. 
At the beginning of operation of the high speed data bu (start--

20 up), the data transfer apparatus or each peripheral device umps 
itself am address so that it can communicate with other devices 
mnnect.ecl over the high speed data bus. Because man than one 
device may be connected t.o the high speed data mm at stm-t.-up, it is 
neceaary to resolve contAmtion among, and between, the pm.ipheral 

25 devices to be connected to the high speed data bus at sf.mt..up. In 
. omer to do this. the entire 64 bit word generated by the data tmnsfer 

. apparatus ia used to determine bus contention. 
In each peripheral device, at stmirup, the &mt three iield.s 81'8 

wtmliud to the following values m the Audio Header 903 portion of 
30 the Tnmmnit Register 901 of FIGe 9, the Priority Field 403 (FIG .. 4) is 

set to a wlue of254, t.he Register Select Field 405 selects the~ 
mgi1tm" (register "C") in the bus muter which is th~ same as 
HandootJ~pmmsaor Register 1001 (FIG. 10) in a peripheral device, 
the Souree Address Field 407 is set to zero by all the data transfer 



appamti 211 because no addmsaes an detmmined until the sta.Jt..up 
pmcedure hu been~ to determine the proper priority that 
should be given to peripheral devices that am connected to the data 
bus, md the Data Field 409 is used to det.ermine bus contention when 

5 more than one. peripheral device is oonnected to the data bu. Once 
mch a bu contention is d~ the peripheral device which 
pins acceas to the bus aasigm itself an address equal t.o the number 
of at.t.em.pta requind to pin bm acce• ... 

The proc:ess by which the muter selects a ngist.er field m 
10 shown in the flowchart of FIG. 14.A. A determination is made. at 

1401t whether the data is presented from the mieroprocooscir port. If 
ye1, the destination register generated by the microprocessor is used 

(at 1403) u the register 6.eld value. In the preferred embodiment, 
values 7, 8, 9t B, C, and E are ued.. If data is not from the 

15 mi~oor port, a determination is made, at 1405. whether data 
~ digitized audio is available from the Audio Port. If yes, 
the muter destmatim:i is se1eded (at 1407) to be the Audio register 

(Begister T, m the preferred embodiment). If audio dlata is not 

p.reoont, the destination m Mlected (at 1409) to be a no active regist.er' 
20 (Regiater 0). 

The peripheral Mlects a register by employing the procesa of 

FIG 14». A determimltion is made {at 1413 and 1415) whether data is 

present fmm the hand.set VO port or the ~pheml micro~ 
port, respectively, and if it ii, the master destination is select.ed (at 

25 14:17 and 1419, respectively) to be the Rx Register (Register "C"). If 
data is not found to be preaent, a determination (at 1421) of whether 

digitized audio data is present. If yes. the master destination is 
Mdected (at 1423) to be the Audio register (Register "F•'); if no, the 
muter destination is selected (at 1425) to be no active register 

30 (Register ~'O"). 

At start up, the data tn.m.sfer apparatu.8 211 gets information 
&om a dlmce external to it, such as the EEPROM 217, m order to 

determine bus contention. The data transfer apparatus transmits 
this information serially to its Transmit Register 705 where the 



infor.mat.iml is .formatted into the 48 bit wide Data Field 409e The 
EEPROK 211 mntainl specific information about the periphenl 
device 203 that allows bu muter microcm:nputer 205 to determine 
the peripheml Clevice priority with respect to other peripheral devices 

5 a~ to access the high speed data bus. At sf'art..up, the 
Priority Countier 701 in all data tnmlfer appamti 211 attmnpt.mg to 

~ t1:se bus iB Ht to tme. 

The sped&c information.contained in the EEPBOM 217 within 
the pmi.phenl device 208 u programmed so that tbs data trmud"er 

10 apparati 211 am com.pan (through the operation oftbe data bu.a) the 
value it has received &om EEPROM 217 with the same apeciftc 

information stored in EEPROMs of other peripheral devices when 
more tba.n one device is connected to a cellular radiotelephone so that 
when there is bus contention, the peripheral device wit.h the highest 

15 Value number stored in its EEPROM 217 will pin acceu to the data 
bus. To ,.tmm the ltmt up bus arbitration, tbs EEPROK data is 
~into the Transmit Regilter 705 of the data transfer 
appamti 211. The &mt three field.I (16 bit&) am ioitiaH-1 u 
previously described. Then the entire 84 bit word is~ to the 

20 TX/BX SbHt Register 707. After proper~ (tlm>qh the 
Manchester Encod.er 709) cf the bits sent to the TxlRx Shift Register 
701, the data transfer apparatus 211 does a bitsbysbit comparison of 
the 16 bit header and the 48 bit data field through an Exclusiv&-Or 
gate m the Oollimon Detect i:ircmt 713 with a signal (data bus statie 

25 signal) derived from the Manchester Encoder 709 output (through 
buffer drcuits) of the data transfer apparatus 211 wired to the 
Manchester Encoder outputs of other data tnmsfer apparati 
attempting bus access. If the data bus state sigwd and the 
Manchester Encoder 709 output am not the·same for any bit, then the 

30 output of the Exclusive-Or function and the Collision Det.ect 713 

cimllt is a logic "1" which indicates a collision on the bu has 
oowrred and the data tnmsfer apparatus which detects the "r will 
not pin access to the bus. The data tnmsfer apparatus which detects 
the .. 1 .. will stop its attempt to access the data bus and it will 



mcmment its Priority Counter 701 by value of 1. All data tnmmer 
appuati which do not detect a •1«« will continue attempting to gain 
~ t.o the data bu by mntinuing to shift lfanehester encoded data 
bit.a and data bus mat.e signal bits t.c the Common Det.eet 713 cirmit 

5 until only mie data tram.fer apparatus bu a zero output &om the 
Common Detect 713. thia remabiing data tmmfer apparatus will 
obtain a~ to the data bus and will aslign itseVtbe addrem eqlud 
to the value in its Priority~ '701, which is om. The other dat.a 
t1'a!Mfer apparati which tailed t.o pin acceu will increment their 

10 Priority Cmmtem 701 by one, and the same procedure outlined above 
m this ~ph will be tbllowed until a aecoui data tnmafer 
apparatus pins accau t.c the data bu and a.uipB itself' an ad.chess. 
This 1tut..up pl'OC8dure is repeatod until each data tnm.srer 
apparatus gains acce• to the bu and umps itooli" an addreu. Each 

15 failed attem.pt to aooem the data bul nwlts m the Priority Counter 
701 im:rmnenting itself by one in each periP!mal data transfer 
apparatus which fails to pin aceeM to the data bu. 

The process followed by each peripheral device is &hmm m the 
ftowdwt of FIG. 15. After power is turned on for the periPhmd, 

20 memory is mad and the address count is set at an initial "1", at 1601. 
Following a mt for the start of a time slot (at 1503), the unique .nal 
number is sent on the bu bit by bit starting at bit number 64 (at 1606). 
At each bit, contention for the bus is checked, at 1507>. If a coUimon 
is detected, a test of the ltate of the ack &ehi is made, at 1509. A renlt 

25 of a busy condition retums the~ to wait for the stlll't of the next 
time slot; a msult of a mot buy condition l'UUlta {at 1511) in the 
mc:rementmg of the address count by cme, a ces1ati.on of the cmnmt 
serial number tnmamimdon, and a return to wait for the start of the 
next time slot. If a collision is not detect.ed in the checking step 1507, 

30 the st.ate of the aek field is tested (at 1513) and the mrnmt address 
count is loaded {at 1515) for the peripheral. If a busy condition. is 
noted from the ack field, the process returns to mt for the start of 
the next time slot. 



FIG. 11 depicts the bifr.by .. bit timing diagram of the dock~ and 
two 8 bit~ which are Manchester encoded by the dock. One 
~ cfpulw 1103 u cftbe ~-code for the value 254, 
the other 1et ctpalaes ~to the value 255. The dil!'enmce 

5 between the puke tmms being the lust significant bit. 
In the preferred embodbnent of the pre.sent invention a 

mnvmtimal Manchester Encoder 709 is used t.o encode data amt out 
over the high speed data bws. 'rhe Manehest.er Encoder 709 output of 
the data tnm.sfer apparatus is identical to the clock Med to derive the 

10 ~code if the data bit sampled is a zero, and it is inverted 
from the clock if the data bit in the sampled mt.emd is non .. zeroe The 

· Manchester Encoder 709 output u one of the two inputs to the 
Collision Det.eet 713. an Exel~ function gate. 
The other input to the Common Detect 713 is derived from all the 

15 Manchester Encoder 709 outputs of periphend dericu. which m-e 

connected to the cellular radiotelephone by their data transfer 
apparati through data bu driver 71& and mmparator 711. The 
imnltinc uplink data bu.a line forms a wired~AND mnfigumtion of 
the Manchester Encoder outputs from all attached peripheral 

20 devices. The Exclwnve-Or fimction ta then performed with the two 

mputs, smd if the Manchester encoded data bit match.H the data bus 
5tate signal bit, then the Collision Detect 713 cirmit output is zero, 
and the nm Manchester encmied data bit from the TxlRx Shift 
Register 707 is shifted into the Ma.nch~ Encoder 709 and then 

25 mmpamd with the data bus stat.e signal. The original value of the 
data bits stored in the EEPROM 217 iB such that durlng the start-up 
~ure the peripheral device with the lugeat value stored m ita 
F~ROM 217, and which is subsequentiy shifted through the T:/Rx 
Shift Register 707, and then out to the data bus, will have a Collision 

30 Detiect 713 ecpW t.o zero for all 64 bits, and thenfom it will pin access 
to the data bus first. 

FIGe 12 depicts in a timing diagram the outputs of the 
Collision Detect 713 circuits of two data transfer appmati which are 
"contending" for the data bu with the values 25' awl 255 being 



output &om their m~ Mancbest.e:r Encoders 10it After 

pining acceu t.o the data bu, this H~ data tnmafer 
apparatus wm send the information m its 6' hit word to the bus 
mut4r 206 through the bu mut.er'1 data transfer apparatus 219. If 

I 

5 the Oollimon Detect 713 circuit output u 1, then there has boon a 
mlliaion de~ and the .data transfer apparatus bu "J.oot'" the bus 

detmmination and therefore the data tn.md'er apparatus am not 
pin acceu to the bu. The data tramfer apparatus that '1.ose1 .. a 

bus contention determination during the start--up procedure in this 
10 mmmm.- then incnmumt.a its Priority Counter 701 and does not 

attempt to pin access to the data bus until the nut time dot. In this 

mannerlt each data tnmsfer apparatus 211 which fails to pin acceu 
to the data bus during the startrup procedure incmmenta its Priority. 

Counter 701. The fint data tnmsfer apparatus which pins access to 
15 the data bu will be given the addreu mrrasponding to the value one 

whm it finally pins acceu to the bus. This address will be used in 

its Addrea Field 407 by ~e device whenever it tmnsmits data, or 
attempts to transmit data, for the duration of itl operation over the 
high speed data bus. This addreu. value is ahm the value stond in 

20 the Destination Addnls 31:1 of dmmlink mesu..ps which it receives. 
When the data tnmsfer apparatus 211 pins a=-s to the data bus, it 
tnmmllts zero for the addreD in it.a Source Address Field 407 to the 

central nutiot.elephone proceuor register l.001 in FIG. 10, register 
"C'" in the n.diotelephon.e's bu muter data tnmsfer apparatus.. 

25 This is the information in the 48 bit Data Field 409, which originated 

in the periphend device l.:EPROM 217. The central processor 205 in 

the radiotelephone ,113 will me this information to assign a time slot 
to the data tnmsfer apparatus 211. The centnd mdiotelephone 
processor (bus master) 205 allcmtes detticat.ed time mots within each 

30 frame 601 for peripheral devices (to send digitized voice messages t.o 

the speech rod.er 223) which receive analog Wice memmps u input, 

such as a handset 1.09 for a mobile :radiotelephone l.13, or the portion 

or a port.able radiotelephone which contains the microphone input 
209. 'rhe analog voice messages an digitized by a codec 213. 



Data tnma&r apparati which fail to pin access during any 
~bu contention in the atazt..up procedure will retry a.pin. 
with the Priority Counter 701 incremented by one. A.pin, the data 
tnmafer appamti att.emptiq to gain ac:cea to the data bus will break 

5 the bu contention by daing a bit-by .. bit comparison betwem their 
~ve Manch.ter Encoder 709 outputs and the ~ta bus state 
mpa1 thftmgh t1w Oollilion Detect ?13 circuit. A peripheral devim'1 
data tramler apparatus 211 which fails to pin acce• to the data bus 
will stop~ to pin acceu to the bus when the output of a 

10 Manchester encoded bit fails to match the data bus state mgmd 
dmmgh the Exclwdve--Or ftm.ctim of the Collision Detect circuit 713. 
FIG. 12 depid;s die output of'the Collision Detect dn:uit 713 when a 
collision is detsctad in the m,hth bit mnsmitted resulting in a "1" 
value fmm the Collhion Det-ect circuit 713. Accordingly, the second 

1.5 data tnmafer apparatw; which pim MCeM to the data bus will 
assign itoelf a value of two for its address on the bu. A.pin the 48 bit 
data field is tnmmitt.ed to the bus muter 205 (amtn.l radiotelephone 
processor), ad if the periphend device containing the data tmmfer 
appantus is an mmlq voice me-. input periphm-al device such 

20 u a :radiotelephone handset 109, then a dedicated time &lot will be 
allocated in each hme 601 am the data tmmfer apparatus 211 am 

tnmmmt to the bu muter 206.. In the prefer.red embodiment, there 
is a maximum of five such time slots which may can be assigned to 
voice mesu.ge input periphiral devices ouch u handaets 109 for 

25 mobile radiotelephones 113. The mxt.b time slot is a genera] use time 
slot which is used to send non-voice digital data (digital data) 
messages and control m8188PS for the data bus. 

This start--up procedure detailed above continues until all of the 
dmcu attempting to pin access to the data bus have pined amen 

30 to the data bus; h8ve assigned themselves addresses; and have sent 
the specific peripherd device information, used to establish data bus 
acce11 priority (by which the central radio proceuor may assign 
dedicated time slots) for the duration of the operation of the data bus, 
to the bus master 205. The Tnmsmit Register 705 serves as a buffer 



dm:ing the starirup procedme so in the cue where data bits are no 

10Dgm" avdlable in the Tz/Rx Shift Register 707 for the nm attempt to 

pm~ to the data bus, by a data tnmsfer apparatus 211 which 

bu pmviowdy failed to pin acmes, the data bits can be shifted int.o 

5 the TW1b: Shift Register 707 from the Tnmsmit Register 706. 

Dming normal operation, and during the enmtion of the start 

up pmcedme, the bus muter 205 will flow control digital data 

me1M19L 1.'1te lnu muter 205 .wm not Sow control mptized anafog 

voice ~- The digitized voice mes-a- am muted to the 

10 ~ coder 223 for proceuing. The speech coder 223 is UHd to 

mntrol audio functions through the Audio Control function 231. The 

digital data messages are nmted to the bus mute:r 205 for proeeuing. 

·Therefore since the digitized voice meuqm are :not aetwilly 

processed by the bu mmner, the bus master 205, which bas the 

15 speech coder 223 'UDder its contirol. allows mmygm destined for the 

speech coder to be sent without "holding otr (stepping and starling 

tnuumdsmon to the ~ cod.er 223 for some variable time 

~)the digitized voice messages. Digital data mes..- which 

an to be pmmesed by the bus master 205 am be "held off' until the 

20 bus master 206 is not busy processing messages. The bus muter 205 

bohhl off these~ by sending the Ack :Field 305 with a value of 

@'11." When the bus muter 205 is not buay ~ mMl&IN, it 

will send out the Ack Field 305 with a value of zero, and peri.phenl 

devices wishing to send meisages which are to be pmcessed by the 

25 bu mast.er may then attempt to access the bu muter. A depiction 

of this ftow control to and &om periphend devices is contained in the 

ftowcbari.s of FIGS. 13A and 13B. 

After addresses have been assigned to all data transfer 

appamti attempting to access the data bus, the ·bus muter 206 and 

30 speech coder 223 ran· communicate with all pariphmd devima 

connected over the radiotelephone data bus. In normal operation the 

by mechamisms of the data transfer apparatus when it is going to 

transmit data out to another data tnmsfer apparatus connected to it 

over the data bu are depicted in FIG. 9. 
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efflbcdD~ 
It is a feature of the present,.amti• tbat the data traw6r 

apparatus 211 within each peripheral device am process either 
digital data lipals or digitized amdor signals, digitized analog voice 
mesaps being of particular importance m cellular radiotelephone 

5 application.Be In the preferred embodiment. the information sent m 
the Priority Field 403 of a peripheral device 203 inputting disimed 
analog voice meuages to the radiotelephone 113 aver the data bus will 

be mm that the data tmmter appan.tu 211 ottbe peripheral c1mce 
203 will normally be able to aceeu the data bu for at least one time 

10 Allot 003 during every frame 601 of the data bus operation. Thia i8 
because digitized analog vmce m~ me not flow controlled by the 
bus :master 205, moreover, the bus master 206, because of the 
information (originally stored in the EEPROM 217) tnmmmtted to it 
from a pmtimlu peripheml device 203 (which inputs digitiud 

15 analog voice meaaps) during the ~up procedure. will alloeat.e 
at least one time slot 603 to each of sa.eh peripheral devices 801 
depicted m FIG. 8, during each &&me 601, up to a ma:dmum of &.w 
dedicated time &lots in the present :bmm.tion. Time .tots which me 
not dedicated t.o peripheral devices which input m:udcg m.eaaps an 

20 ~in a time multiplexed maDDer by data bu Control Messapa 
803 transmitted from the bus muter 205 to peripheral devi.c:m for 
controlling information ftow on the data bus and messages 
tnmsmitted to and from periphenl devices 805 which do not have 
dedicated time slots. , 

25 The data bus controls bus acceu for meuapa which me not 
digitized voice messaps by tnmsmitting downlink header 4:11 

information in each timeslot with time slot ~tion 
information mm by setting or cleming the Ack Bit Field 305, thereby 
giving peripheral devices permission to send (or to hold oft) such 

30 meuaps on the data bus. Each data tnmsfer apparatus 211 has a 
pmtimlar address which as mentioned above, wu determined 
during the st&J't..up procedure according to particular information 

mntain.00 m EEPROM 217 which resolved the ltarirup bus 
contention. 

iliiil 



If the peripheral device is a peripheral device which receives 

a_nalog voice mes1ap1 at its input, such as a handset 109 fer a mobile 
mllW!m- ndiotelepbone or the user interface portion of a portable 
mdiotelephone, the data tm.m6r apparatus 211 wm allocate itooli' a 

5 priority with respect to other periphend devices that will emmre the 
periphmd device nm:mally w access to a time slot during every 

data bus frame 601 BC that it am send infmmation to the speech. coder 
223 .. For peripheral deric:es 203.which are used t.o input amdog voice 
mes~, thia is done by writing a Priority Field 403 with a value of 

10 twOehun.dnd fifty .. fcmr into tbe eight bita allocated to the Priority FieJ.d 
403 contained m the 64 bit word mmtnicted by the data tnmsfer 
apparatus 211. 

In the procea of flow control, data meuages are sent to the 
bu muter microprocessor only when the state of the 

15 aelmowlecipment field indicates a net busy mmti.tion.. Voice 
messap1, however, me not subject to ccm.tml dependmlt upon the 
state of the aclmowledpment field. Since the voice mes&ap is not 

~yed, the real time processing of the voice mesuip is enhanced 
because the voice mesu.ge is dimded to the speech mcler without 

20 de.lay.. As shmm :in the flowchart of FIG. 13A, the data tnmsfer 

apparatus 211 for the peripheral dmce waits for the start of the 
downlink timeslot, at 1300.. A determination of whether a voice 
message or a data m~ is to be ;ent is made at 1305. If the 
message is a voice messap: digitized voice message information is 

25 sent on the DSC bus t.o the Audio Register, at 1307, and the pmcess 
returns to wait for another downlink timeslot. However, if the 
determination is that a data message is to be sent, a determination of 
the state of the aclmowledgmnent (&Ck) field.is made, at 1309e It the 

ack field indicates a not busy condition (ack:;;;:O)~ data is sent to the bu 

30 muter microprocei&or 205, at l.311. If the ack field indicates a lmsy 
state, the process waits for another downlink ·timeslot and delays the 
tmwmllssion of the data meuage until the ack field incticates a not 

busy state. 
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In the opposite direction, the peripheral receives messages 
~to it fmm the data bu. AB shown in the JJl'OC8SS of FIG. 13B, 
the~ massap is decoded (at 1315) and a determination is 
made (at 1317) whether a data or a voice message bu boon received. 
If the reeeiwd 13llel&ap is a data meaap11 the data is mut.ed (at 1319) 

to the Miected ~ identiied m the downlink mes~ 
Flow control of messages received by and tra:nmnitted from the 

muter u mown m the ftowcharta cf FIG. 130 ad FIG. 13D. The 
master receives a m8l88P from a pmiphend and decodes the 

10 mesnge. at 1323. Again, a detsrminati.cn is made (at 1325) whether 
a data memmge or a 'ft>'ice message was received. If' the message wu 
a voice~ tho voice messap is routed (at 1327) to the Audio 
Registere If the received message WU a data m.ea1age, the state of 
the aek field is det.enmned, at 1329, and if the aek field imticat.es a 

15 not.-buy state (a.ck~) the data is rout.ed to the mierop~. at 
1331 .. ~the received data ii ignond by the lmsy 
mie:ropmm1sor and the prcceu returns to await the nm mceived 
message. 

A tnmsmiuion &om the muter follows the Sow control 
20 proceu of FIG.13D. The pmcess waits fbr the start of a timeslot, at 

1335, and det.ermm., at 1387, whethm:-them~ to be sent is a 
data meuap or a voice meuap. If the meuap is a voice message, 
the digimed voice mwage u sent (at 1339) to the apeci&e peripheral 
Audie Register. If the mess8p is a data m.euage, it is sent (at 1341) 

25 t@ the aped&c peripheral. 
Referring t.o FIG. 9 which depieta the tbmughput pstb of 

meuagea 1ent through the data tnmd'er apparatus during poot--stmt 

up pmcedme operation, all digitized analog voice messages such u 
those originating at a microphone 209 input to a radiotelephone 

30 handset 203 which are mb&equently digitized by a codec 213, u in the 
pmermd embodiment, come into the data tmmder apparatus 211 at 
the Transmit &gist.er 901 whem the data bits are serially shifted into 
the 48 bit Tx Register Bits 705, and the Audio Header 903 is added t.o 

make up the 64 bit word used over the data bus. The Priority :Field 

·, 



am.tams the value "264 "which is applied as shownin FIG. 16A. All 
dilitbed aulog voice mes..- are processed m this manner 
tbrough the Tnmmmt Regjst.er 706. The data bita 005 which contain 
the digitized analog voice meuap bits ere then parallel loaded 

5 tlhmugh a tri..atate bu&r 901. Then the mtemal :routing of the data 
~ appmatw; 211 pt.es the tri.ftlte 907 to the final. output 
ngister. TxlRx Shift Register 101. From there,~ 48 data bits (plus 
the Audio Header 903 bita) an serially tm11mmtt.ed to the Mancbuter 
Eneodar 709 then out on the data bm u delCf'li.i in the s~up 

1 O procedure. In the case of peripheral dmcaa wwd to input analog 
voice muaqes to the radiotelephone (aw:h u handsets 109), the 
priority value in the Priority Field 403 is such that it will normally 
pm the bus over any other peripheral device attempting to accus the 
bus.. ~. since it is a voice input device, t.be bus muter 206 will 

15 have aynclmmized the peripharal device 211 to a dedicat.ed time slot 
• that no bu contention with another voice message input 
periphm.id device mould arise, and if bus contention does arise with 
amot.bm- non--voice meuap peripheral device, the high priority value 
of 254 will nmmally ensure that the voice input device "wins" a bus 

20 mntmticm det.erminaticm (pins accea t.o the data bus to send its 
~).The l.6 bit Audio Header 901 whim contains the Priority 
Field .W3 with a value of254 fer a voice device, mch u a hand.set 109 
for a cellular mobile radiotelephone 113, is routed in pe.rallel to a 
Head.er Mux 911, then to th8 tri~state bu!rer 907, where the 16 bit 

25 header is stored with the 48 bit data field until the mtemal muting 
bus oftbe data tnmsfer appand;wJ 211gatesthe64 hit word mto the 
T:IRx Shift &gist.er 707. In addition t.o a Priority Field 403 value of 
254, the Header Mm 911 loads the Register Select F.ield 405 with t.he 
Vidue Tot ao that digitized analog voice messages am muted to the 

30 Receive Audio Register 1001 m the data transfer apparatus, shown in 
FIG. 10, which receives the message. This ~ 1007 may be 
mntained in a data tmnsfer apparatus used to transfer information 
into the amtral ~portion 207 of the bus muter 205 or in the 
data tnmlfer apparatus 211 of a peripheral device which am receive 

I .. 



digitized voice messages from the central processing portion 207 of a 

mdiote]ephone.. Tha lut field leaded by the Buder Mu is the Source 

Addnu Fiehi 401 which wu ~ dming the start--up 
~ure and is nol'ed in the Cont.ml Register 901 &om where it is 

5 Jicadad into the Header Mux 911. From the TxlRx Shift Register 707, 

the M bits are serially sent to the M~ ~ 709 then out on 
the data bus and to the Collision Detect 713 drcuite In the cue of a 

\\'OJ.ca input device, meh u a handset 109 for a cellular mobile 
radiotelephone, the bits originating m the Audio Header 901 are 

10 muted t.h1"ough the Header Max 911 and the triestate buffer 907 

without modi&caWm, then to the TxlRx Shift Register 707 and then to 

the Manchester Encoder 709. From the MmchHter Encoder 709, the 
Priority Field 403 bits am then shifted Mrlally to the data bus and the 
Collision Detect dreuit 713 a in the stm1rup procedure. The 16 bit 

15 header word output of the ManchMter Encmier 709 is bit--by"bit 
compared u m the st;art,..up procedure. The Manchut.er Encoder 709 
output ia one input to the Collision Detect 713 circuit and the other 
mput is the data bus state sigmd a in the 1tart.-up procedure. In this 
mamun\ the priority value of 264 which wu umgned to the digitbed 

20 analog voice meuap by the Awtio Header 901 and which makes up 
the Priority Field 403 of the digitized analog voice messap ia serially 

transmitted t.o the data bus and the Collision Detect circuit 713. As in 
the st.mtrup pl"Oeldure, the Collision Detect cirwit 713 does a bit.-byabit 
comparison between the outj,ut of the Manchester Encoder 709 and 

25 the data bus state signal. The Priority Field 403 is the first portion or 
the 16 bit header word which is compared. by me of the Exclusive-Or 
ftmction within the Collision Detect circuit 713. In the case of a voice 
input device, the Priority Fieldl 403 bu a value of 254. Because of the 
mechmllmns employed by the Collision Detect circuit 713, 

30 Manchester Encod&r 709, and means used to generate the data bus 
state signal, the peripheral device with the highest value in it.s 
Priority Field 403 will pin access to the data bus when them is bu 
contention. During the bit--by~bit comparison, at a particular bit, a 
periphenl device which does not have the highest value m its 



Priority Field 403 will detect a collision ad stop attempting t.o access 
the data bwl. Similm- to the procedure deaeribed in the start-up 
procedure {except cml.y the header 411 portion of the time slot i1 used 

to detel'lmine bu mntcmti.on proceeding from the most significant 
5 bit), the peripheral device with the highest value in its Priority Field 

403 will pin~ to the data bus. If the priority fields are equal, 

then the RegWt.er Select Pielda 406, mid Smm:e Addnls Fields 40'1 are 
~through the bifrby .. bit compariaon to~ the data bus 
eontmtion, u m the stazt..up ~ ID the cue of a voice input 

10 dmm, the voice input dm.ce wm normally "win'" the data bus 
detmmmation m the first 8 bits of the bit--bysbit comparison (the 

Priority Field 403) bemuse the value, 2Mt of the Priority Field 403 is 
mmmilly greater than an other vaiuea that am be stored m the 
Priority Field, except for one value (265). The meuqe aecordmglty 

15 taku priority over all meuap1 seeking bu allocation of a lower 
priority, lea than 264. 

As depicted in FIG. 9, a Priority Field 403 dilfment &om the 
value 254:, usigned to ctigitbed analog voice meuages in the Audio 

Header 903, is amrigned to other types of meslqU which are n.ot 
20 routed through the Tnmmnit Register 705. These other types of 
me~ are digital data meliJl8P8 routed into the data tmw6r 
apparatus 211 at the J/O Buffer 915, one byte at a time .. Two types of 
data am mut.ed through this VO Bu&r 916: one type is data which 
doos not require the high s]ieed rmd time sampling of digitized 

25 analog voice mess~ this type iB muted with an initial priority 
value or one in the Priority Field 403; the other type is for data 
messages which require a priority value, 255, higher than that of 

digitized analog voice messages (254) for messages of the highest 
priority. · 

30 For example, the lower priority messages (Priority Field value 
is leas than 254) may include data hits oorially inputted from a keypad 
215 of a portable cellular radiotelephone or the keypad 215 of a 
handset or a cellular mobile radiotelephone, or digital data 
originating from a facsimile macbme 101, which needs t.o be time 
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llctted and fnme 601 formatted for the high spood data bus so t.he 
mmmap1 am be sent to the mdi0Weph0ne'1 main p!r008Ssing block 
207 without the high spood sampling nqWnd for digitized analog 
~The data tnmsfer apparatus 211 of the present invention 

5 can be contained. within. peripheral devices such as a fac:aimile 

machine 107. cellular mobile radiotelephone hamdaet 100, the user 
~ pmtion 203 of a portable or mobile cellular radiotelephone, 
or other devices which may be connected to a cellular 
nutiotelephon.e's main pmeeaing block 207, ao that information may 

10 be tnmmdtted by the cellular ndiot.elephcme 113 thnmgh the cellular 
eyot.em. 

In the case orbypad 21& information (The data routing outline 
hem applies to other information which doea not require the higher 
priority of digitized mudor voice meaapL), the bypad sample is 

15 received u a single byte of information at the IIO Buffer 915. The 
data is then tested t.o ensure a valid key press bu occmred and built 
mto a 33 bit word in the DebmmceeRegister t\metion 917, where the 

33rd bit is a awitchhoolk indicator which indicatea whether the 
cellmar radiotelephone handset is in its rumg ... up mp or not.. The 

20 .DebounmeRegist.er function 911 compares a sample of the sampled 
key press byte tnmmnitted f.nml the J/O Buffer 915 with a previous 
sample, mid after comparing several sequential munples to veriiY 
that a valid press bu occmTed, the key preu information is 
formatted into a 33 bit wom and transmitted in pamllell to the TxlBx 

25 Shift Register 707 u a 48 bit word mt.o the data field bits through the 
Trisltate 907 9 the additional 15 bits in the 48 bit data field being 

configured. as invalid bits. Appended to the 48 bit data field created in 
the HeaderaMm: function 911 are the Smm:e Address Fields 407 and 
Register Select Fields 405 along with the Priority Field .. 

30 In the cue of the data fields, for thue digital data meaages 
with priority lower than 254, created in the Debov.mc&-Regieter 
function 917, the Register Select Field. 405 contains the address of the 
Handset/µpmcessor register 1001, see FIG .. 10,(Register ""C") in the 

data tnmsfer apparatus 219 conneded to the central processing 
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portion 207 of the radiotelephone from where the bu muter 

~ 206mtrievesdata1ent to it mer the data bu. The Source 
Addreu Field 407 u determined d~ the ltartrup procedure ii 
~ constant in the Deboune&-Register fund.ion 917 and 

5 contains the address~ during stmtaup mt.be 4 bit field 
Bomce AddreM Field 40'1. The Source Address Field 407 and Register 

Select Field 405 are tnmsmitt.ed t.o the Header Mm 911, ad the 48 bit 
ma &aid ia transmitted to the Trl, .. gta,te 907. The priority value, 
initialiwl to om in a Priority Cotm.t.Gr 701 is appended in the Priority 

10 FW.d 403 to mab--up the 18 bit header of the 84 bit data bus WOid in 
h Header Mm: 911, and after the Priority Field 403 is added to the 16 
bit header, the entire 16 bit header is then tmmmitted mto the Tris 
8tat.e 907 from the Header Mm 911,in pamllel, where it u combined 
into a 6' bit word. The entire 64 bit word.is subsequently transmitted 

15 to the TxlBx Shift&gister 707. After the 64 bit word ism the TxlRx 
Shift Register 707, the data tnmafer apparatus attempts to abift the 
word onto the data bu in the next appropriate mm slot, which iB a 
gmma1usethneslot803 m: 805, and not a tbne slot 801 allocated to a 
voice input device. In the case of a digital data message with a 

20 priority lower than the value of a digitized analog voice meuap 
(254), mch u by preu information, the data tnmsfer apparatus 211 
will attempt to gain acceu to the high speed data bWI every time slot. 
The mechanism for pining aceem is similar to that used in the 
tJtmt..up procedure, th& Mmichester Encoder 709 output u mm.pa.red 

25 to the data bus state mgnal (procoosing from the most signilimnt bit 
to the leut mgnificent bit of die header 411) fbr the 16 bit header word 
to determine if then is data bus contentions and if the Collision Detect 
circuit 713 deted& a collision, the data tnmsfer apparatus 211 will 
st.op trying to access the data btm9 As in other bus contention 

30 ~os discuueci above, a bif...bysbit comparison is done by each 
peripheral device's data transfer apparatus attempting to pin 
acceu to the data bus.. 

When a data transfer apparatus loses the mm contention to 

another data tmns&r apparatus, the Collision circuit 718 output is 



mut-ed to the Internal Bws Arbitrator 923 within the data tmmfer 
apparatus 211 which then increue1 the value of the the data tnmsfer 
appamtwi' Priority Field 408 by a value of one. The Jntemal Bus 
Al'bitrat.or 923 aends a dock signal to the Priority Cmmw 701 in 

5 order to~ the value of the Priority Fielld 408 by value of one .. 
The initial value in the Priority Counter 701 is om at the beginning of 
the bus aemsa att.em.pf; by the data tnmsfer apparatus. After a single 

failecl attmnpt the Priority Counter 701 bu a value of two which will 
be loaded mto the Header M:ux 911 u the Priority Field 403 from the 

10 Priority Counter 701 the next time the data transfer apparatus 211 
attempt.a to pin acceu to the data bu. Thia nm attempt will occur 
when the nut time slot bacmnes availab]le. It.emtively, this 
~ emitinues mitil mdy one data tnmafm- apparatus is left 
attempting to gain acceu to the hich speed data bu, this remaining 

15 data tnumfer apparatus will pin acceu to the data bus.. After a 
pmticuJ.ar data tnmsfer apparatus pdm acceM to the high speed 
data bus. the Intenml Bu Arbitrator 923 will nset the Priority 
Cmm.ter 701 of the data tnmd'er apparatus which pins access to the 
lowest value, one. A data tnmsfer apparatus that wu unable to pin 

20 access will try to gain acceu to the data bus when the next tbM slot 
becomes available. Again, if' more than one data tnmsfer apparatus 
is attempting to pin ecmss to the data bus, the bus contention will be 
determined u before, there is a bitsby .. bit mmpmison of the 
Manchest.er Encoder 709 outputs with the data bWJ state signs] (after 

25 being passed through a mmparat.or to ensure a proper digital Bigwd 
is available) through the Collision Detect cin:uit 713 to determine the 
bus contention. As ;before, in thia case where the priority value is lea 
tWm 254, when the output of the :Manchester Encoder 709 does not 
match. the data bus state signal, a collision will be detect.ed. and the 

30 part.iailar data transfer apparatus which det.ects a bu mllimon will 
increment its Priority Counter 701 and wait fOr another time slot in 
order to try to access the data bus. 

As mentioned. above there is a type of digital data message 
usigned a priority value higher than the value or 254 assigned to 



digiti&d mmlog voice meuaps. This type of digital data message 

anp speed message) is alao mput to the data tnmlfer appam.tus I/O 

Buffer 916.. Thia high speed :meuap requires fas1m- aecw to the bus 

than any other mfonnaticm lent to the data tnmafer apparatus 211. 

5 The nmting ibr this data is • described above for data which starts 

with a priority value of 001 m the Priority Cmmt.er 701, acept that the 

high priority data befPm with a priority value of 265 loaded into the 

Priority Counter 701. With thb.value of256 loaded into the Priority 

Cmmter 701, after the Dat.a Field 409, ~ &1ect Field 405, and 

10 Somce Ad.dnas Field 407 are assembled in the ~Register 

fbnmcm 917s the Data Field 409 is transmitted in pamllel to the Trie 

state buffer 907, and the Regilter Select 40~ and Souroo Addma Field 

407 are wt t.o the Header Mm 911 where the Priority Counter 701 

loads the value 265 mt.o the Priority Field 403 bits. Once the Priority 

15 Field 40311 Register Select Field 405, imd Scw.u Add.mu Field 40'1 am 

loaded into the Header Mme 911, the 16 bits are tnmsmitted to the Tria 

mt.e lmJfer 001 .. Once both the 48 bit data field and the 16 bit header 
&eld are in the Tri-state bu&"er. the 64 bit field is shifted in pamlW t.o 
the T.Kllb: Shilt Register 107 .. Therefore, when the nm time slot 

20 ames11 opportunity occu.n, the data tnmsfer apparatus will attempt 

to access the data bWL During the bitsbyfibit mmpmison of the 

Priority :Field 403, a data tnmafer apparatus with the value 255 stored 

in its Priority Field 403 will. pin acmu to the data 1ms at the next 

available time dot unleM t&ere is another data tmnsfer appa.ratwa 

25 with an equal value in its Priority Field 403, in which case the bu 

mntention will 'be determined by succeeding bits in the 16 bit header 

word u described above: the succeeding bits of the Manchest.er 

encoded 16 bit header word will be bit--by*lbit compared (fmm moat 

mpilicant bit to least signilicant bit) with the data bus state signal to 

30 determine the bm1 ·contention. As pnmoualy di~ each bit of the 

16 bit header word the data tnmsfer appamtU bu in the Ts/Rx Shift 

Registier 707 will be shifted into the Mancbest.er Encoder 709 and. the 

data tnmlfer apparatus will determine if at any instance a bus 

mllimoo bas m:cur.red. If a collision has boon detected for any of the 



header bits, a me61818 with a priority value cf 255 will not pin 
acma to the bu, and it will wait for the DBt time slot when it wm 
try to accen the mm with the value of265 loaded mto its Priority Field 
4038 

· 5 Thus, for a data tnms&r appamtws which is attempting to 

tntm.111.unt data over the high speed data bus, them 81'8 at least three 
priority levehl which the data tnmsfer apparatus may load into its 
Priority :Field 403 to try and pin acmu to the data bus, they am: a 
priority leveJ. of 265 for high &peed meuaps which allows the data 

10 tnmd'er appa.ratws to send out the meuap on the next available time 
llot ~esa of whether the next available time mot is allocated to it 
or not; a priority level of 254 for digitized mmlog voice messages 

wbieh allows these raJ! ... tbfte meaqe1 to be sampled and 
tntnmmitted t.o the central pmceaing portion 207 of the 

15 mdioWephone 113 in a messap time slot allocated to it m every 
hmo 601 by the bus mast.er CT.he centml ~portion 207 of the 
radiotelephone contains the bus muter 205 fo:r the radiotelephone; 
memory devices nch u RAM 229, ROM 221rt AND EEPROM: 225; and 
the speech coder 223 processor for digitized analog voice mesups); 

20 mm finally a priority level lea than 254 which allows messages with 
Blower sampling requirements than real time voice messages to be 
input at the I/O Buft"er 915 and transmitted over a general use time 
slot cf the data bus &ame 601. The pmcea of setting a priority count 
of "255 .. or "253 .. is shown hi FIG. 16B. 

25 The data tnmsfer apparatus 211 is also able to receive data 
tnmmritted t.o it over the data bus. The nme data tnmsfer 
apparatw. am be Wied to :receive messqes u either a data tnmsfer 

apparatus 219 on the !bus mast.er side of the data bus or peripheral 
device 211 aide of the data bus. {On the peripheral side, the data 

30 transfer apparatus 211 am be used to SP..nd digital data messages to 

devices such as a display 233 for the radiotelephone ll3e) A block 
diagram of the means used to accomplish this is depicted in FIG. 10. 
The data is processed serially through the Comparator 1003 then 
demded m the Man.chest.er Decoder 1005, and then serially shifted 



into the Tx/B.x Shift Register 707. The~ Deeocler 1005 is 

well bmm in the mt and aenes to remver the data bits tnmmnitted 

frmn the Tx/Rx Shift Register 101 and Memcheater encoded for 

tnnamiumon over the data bu to the receiving data tnmafer 
5 apparatus. 

For aamplei. m the moo when the data tnmafer apparatus is 

ued by the radiotelephone bus muter 205 to nmive data from 
peripheral devices, the~ decoded data is ahift.ed into Txl& 

Shift~ 707 and after the &mt 16 bita me~ the data 

10 tnmsfer apparatus 219 is able to de~ for which of the 

addressable registers within the datll tmMfer apparatus 219 the data 

is int.ended. Thia is done by reading the Register Se1eet Field 405 of 

the incoming meuap u.ling the Register Select Decoder 1011. There 

am three main regi&tsn which may be addreaed by another data 

15 tnmfer apparatus, these are the Hlmd.set /µP Regi.ster 1001 (register 

"C"), the Rx Audio Register 1007 (register T"). or the Control 

Register 1009 (register "E") of the data transfer apparatus. When 

data is written into r~ t'IC .. 1001 t.o the data tmnsfer apparatus 

219 mmd by the bu muter 205, the bus muter 206 sends out a 

20 downlink message 301 with the Ack ::Field 303 bit let high so that all. 
peripheml devices am prevented from attempting to write to register 

"C"' by the bus muter 205. Convenely, register ? 1007 within any 

data tmrud'er apparama may be add.reued by another data transfer 

apparatus d.u.ring any tbnes1ot without reprd to Oow mntrol. 

25 Regist.er "F" 1007 is used to ronte digitized analog voice meuapa 

sent by a voice input device to the speech coder 223 through the bus 

master's data tnmsfer apparatus 219. Again, digitized analog voice 

messages am allowed to be written to Register "F•, the Receive 

Register 1007, without repnl t.o the setting of the Ack Field 303 bit to 

30 a high value. 
In the case where the receiving data himsfer appmatu& 211 is 

located in a peripheral device, the mechanism for reooiving 

messages from the bus mast.er central processing portion 207 of the 

mdiotelephone is very similar to the case for receiving message when 



·the data tnmafw apparatus 219 receives mesu.ges for the central 

~portion 201.otthe ~ephane. When the periphmd 

&mm abifta in the 16 bit header from the 'Mmtchester Decoder 1001 to 

dm TxlBx Shift Register 707, the data tnm.afer appamtua is able to 

5 determine which register within the data tnmafer apparatus 211 will 

nceive the data, the Contml Regiater 1009. the HawbetlpP Regist.er 

1001, or the Receive Audie Register 1007. Then depending cm which of 

the ragisten bu boon aeJ.ected (by reading the Register Select Field 

309), the Ts/Rx Shift Regilter 707 will pmallel load the destination 

10 register with dilremnt size fields. If the Control Register 1009 bu 

been Mlooted, a 32 bit field fr.om the data bit& in the Tx/lb: Shift 

Register 707 is shifted to the Conttol Regist.er 1009. If the Receive 

Regiat.er 1007 bas been selected, then a 48 bit field is loaded into the 

Receive Audio Register. If the lh.ndsetlµP Kept.er 1001 is selected, 

15 then the entire 64 bit word in the TxlRx Shift RegHter will be parallel 

loaded into the Handset/pl> &gist.er 1001. 

The preferred embodiment of the :present invention U&88 a data 

bwa which eHminates the need for separate mpal linM to carry 

analog information from the uer interface portion of a 

20 mdiotelephone to the main procesain& portion of a radiotelephone. 

Moroover, the system of the preferred embodiment, is able t.o 

aoocmmodate five voice meuap input devices and enables the 

radiotelephone to process the information without a significant 

degradation of the voice meisage. The syst.em is able to acmmmodate 

25 digitized voice messages and digital data messages by use or a time 

multiplex scheme which gives a higher priority and dedicated time · 

slots to digitized ual.og voice messages. The preferred. embodiment of 

the pl"e&mlt invention flow controls digital data messages which an 

processed by the central mdio processor, but it allows digitized voice 

30 me11aps to pus without flow controlling such meuaps. A 

hardware apparatus is implemented to deterinine bus contention by 

devices attempting t.o acceu the data bus simultaneously. The 

hardware apparatus is also used. at the start or tbs operation of the 

data bus to determine bus contention which results in the allocation 



of addmaee to ab peripheral devioos connected over the data bus to 

the ndiot.elephone. The entire word formatted by the data tnmsfer 
· apparatus of the preferred embodiment is ued to determine bus 
mntention, including the data &eld. Abo. the system of the pmferred 

5 embodiment operates cm the order of a magnitude faster than data 
buses found :in mrrent cellular radiotelephones. 

We claim: 
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of ad~ to an peripheml devima connected over the data bus to . 

the mdi~. The entire word formatted by the data tnmsfer 
appmatua of the pmfenad embodiment is used to determine bus 
contention, including the data field. Also, the ayatmn of the preferred 

5 embodb:wmt operates on the ord~ of a magnitude faster than data 
buu fcmnd in cmTent cellular radiotelephones. 
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1. A data tmnsfp.r apparatus for a :radiotelephone peripheral 

using a time multiplexed data bus for commrunfoatfon with a master 
5 unit, oomprisfug: 

means for generating a contention d.etennining field, further 
oomprising inemm for generating di.a.ta representative of priority in 
rooponoo to a busy condition on the bus whe:n the radiotelephone 
peripheral is :powered up; 

10 means for aiccepting a plurality of data bits; and 

means for assembling said contention d.etenn:ining field and said 
areepted data bits for transmission in one time slot on the time 
mcltiplexed dam bus. 
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2" A data transfer apparatus in accordance with. cbri.m 1 wherein 

said means for generating the data :representative of priority further 

oomprises means, :responsive to a power up of the data t:ransfer 

apparatus, for initially setting said data representative of priority to a 

5 fiimt predetermined value and for clumgmg said data representative of 

priority by a seoond predetermined vallue when a busy condition is 

encountered on the time multiplexed data bus. 

3. A data transfer apparatus in accordance with dmm 1 wherein 

10 said means for generating a contention determining field further 

comprises: 

moons for determining whether the data to be transferred is a 

digitized analog message or a data message; 

moons for assigning a fi:rst predetermined value to a register 

115 oolect bit when data to be transferred is a data message; and 

means for assigning a second predetermined value to said register 

select bit when the data to be tnmsferred is a digitized analog message. 
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4. A method of transferring data from a radiotelephone peripheral 

to a radiotelephone writ via a time mulltiplexed dlata bus, oomprising the 

steps of: 

(a) generating data representative of priority in response 

5 to a busy condition on the bus when the radiotelephone peripheral is 

powered up; 

(b) accepting a plurality of data bits; and 

(c) assembling said data representative of priority and said. 

accepted data bits for transmission of an assembled field in one time sfot 

10 on the time multiplexed data bus. 

/ 
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50 A method in acco:rdance with the method of cl.mm 4 wherein 

said step (a) comprises the substeps of: 

(al) initially setting said data representative of priority to a first 

pr.00.etenninedl value; and 

5 (a2) changing said data representative of priority by a second 

pl!."edetennined value when a busy condition is encountered on the time 

multiplexed data bus. 

6. A method in accordance with the method of claim 4 wherein 

JW said. step (a) forther comprises the steps of: 

dletermmmg whether the data to be tnmsfen-ed is a digitized 

analog message or a data message; 

assign:Wg a first predetermined value t.o a register select bit when 

the data to be transferred is a data message; and 

15 assigning a second predetermined value to said register select bit 

when the data to be transferred is a digitized. o:r analog message. 

7. A method in accordance with claim. 4 frat.her comprising the 

step of (dl) digitizing voice information to p:roduce said plurality of data 

20 bits. 
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R A data transfer apparatus for use in a radiotelephone unit 

using a time multiplexed data bus for communication with a master 

writ~ romprismg: 

means for receiving a message in one time sfot on a ti.me 

5 mwtiplexed data bus, inclwting a contention determining field and a 
plurality of data bits; 

means fo:r extracting dlat.a representative of priority determined. in 

response to a busy condition on the bus upon power up of the 

iradfotelephone unit from said oont.ention determimng fie]d; 

JlO means for dete.rmining whether said message is a digitized analog 

15 

message or a data message; and 
means, responsive to a determination that said message is a data 

message, for routing at least a portion of said message based on said 

contention detemllining field. 
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9. A method of transferring data in a :radiotelephone writ from a 

radiotelephone periphe:ral to a master unit, oomprising the steps of: 

(a) receiving a message in one time sfot on a time multiplexed 

data bus, said message indu.di.ng a contention determining field. and a 

5 plurality of data bits; 
(b) extracting data representative of priority determined in 

response to a busy condition on the bus upon power up of the 
radiotelephone unit from said oont.ention d.etemrining fie]d; 

(c) determining whether said message is a digitized analog 

10 message o:r a data message; and 

:n.s 

(d) routing, in response to a determin.Bltion that said message is a. 

data message, at least a portion of said message based on said 

oontentfon determining fieldo 


