5 DATA TRANSF AND- RAFUS-FOR COVMUNI CATI ON BETWEEN A%EHERAL
AND A NAS %‘)jﬁl‘i‘ ; q ouhd of Clhe linvention The present invention
~relates b 'ep‘a?F’i‘li}“’t“o ﬁ:ﬁégﬂ t'al 1@B3%sd arvd-- anal og voice transm ssions in
a radiote SFES)uNi 1Pagdbr.e-- tapagedp ar ilcul arly, the present invention

rel ates t@htiPravasin eyaaek. "%f i@n@eég ------ -dai ce nessageCEO0JIOR speed data
bus- bet wegd Alshrasist emslg@f-.-a.-(ttebdgaﬁar....n.cldl ot el ephone and the resol ving of_
bus cont eim4DR ARRBDCSIPT .............C. col:lisi.ons. The present invention is rel ated

to U. S. Patent Application ~ND” U7/732 972, "Prioritized Data
Transfer Met hodw@nd Apm TRANSFER METHOD AND APPARATUS FOR
| MMUE EN A PERIPHERAL AND A MASTER

generally to digital data and
smissions in & mdm@teleph@m unit. More

10 sresen invention relates to the wmeyame of analog

mﬁhsmm The present invention is related to U.S. Patent Application
Ne. 07/732,972, "Prioritized Data Transfer Method and Apparatus for
otelephone Peripheral” filed in behsif of Smolinske et &l. on
July 18, 1981 and assigned to the same assignee.
A communication system which transmits information
between two Emﬁmm mciudes a tmnsmmer amd a receiver
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nemitted mf@mamm smmal

the receiver which receives the tra
Transmitters and receivers may be contained in a single
apparatus so that the apparatus may both transmit and receive
25 communications over radio-frequency channels. Cellular
radioctelephones contain such transmitters and receivers together
called transceivers.
The signal to be m@dmﬁated may be an analog information
gignal (for example, a voice message) or a digital information signal
30 (f@r example, an already digitized message). When the signal to be
modulated is an analog signal, separate hardware signal lines are
used to carry the analog signals and digital signals to the poiot in the
transmitter where the signals are modulated. Signals are input to a
cellular radiotelephone at the user interface portion of a cellular
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15 a Radi ot el ephone Peripheral™ filed in behalf of Snolinake et al. on

July 18, 1991 and assigned to the sane assi gnee. A

comuni cati on system which transmts information bet ween two :

| ocations includes a transmtter and a receiver i nterconnected by a
transnission channel. An information signalZ- 20 (whi ch contai ns
information, for exanple, an anal og voice nessage) is transmtted by

gL Whi ch

the transmtter upen theg tra m QN hannel 0 W Qcej
recei ves the tr R EieRPans. SFeReTRt %W asmnmp ANSHT

recei vers may besthenmadar
appar at us. may bqius L gnar
r adi O-Trequency '7"":‘;77—

The signal t® bey signal (for

exarmpl e, a voice_ 30, or oo
exanpl e, an al rég
nodul ated i s an tinsoge i nes are

used to carry the an

‘transmitter V\/ner th?’@?ﬁ%@@??#% (s

cel lul ar radi ot ¢ julated M@mmmm&hm&

10  contains circuitry to detect, or to otherwise re
signal m@duhted upon the carrier signal.
15

m@duht@r.
Subsequent to demodulation, the @ﬂm&l signal i
user may be remnstmcted, genemﬂy, after further processing
20 demodu&atad signal is done to eliminate noise added in the
ission of the signal aver the radio-frequency channel. The
risct sm@al is then mtput at the user mteﬁace on: the

dm@ays, or facsimile machines may be interfaced
25 system.

Conventional cellular radictelephone systems require the
transmitter and receiver to operate simultaneously on different radio
frequencies. The signals modulated by the conventional cellular
radiotelephone transmitter and demodulated by the receiver are kept

30 ssparate from each other in the cellular radiotelephone umt Newer
cellular radiotelephone systems do not require the transmi
receiver to operate simultaneously on different frequenci




radi ot el ephone. Ceneral ly, devices such as m crophones, keypads, or

ot her neans for inputting information signals into the r adi ot el ephone
may be contained in the user interface portion of a cel lul ar

radi ot el ephone, or other external devices, such as facsimle

information to the cellular radiotel ephone.@hrough a user interface to

the cellular radiotel ephone. The receiver of a radio
conmuni cati on system | ch recei ves t.he nody| at ed nf mat i Qn si gnal
from el ectronagnetic ¢ MM@M@@%@% B é@h

ot herwi se recr eajipmsl digiedl the carrier

signal. The procg ect | r th | nfor i on
signal from the HOGEFEET @@E& &@mﬁ'@m, 5? ™ %

such circuitry fmre 1( s

dermdul ati ongci red {ﬁg &%ﬁ@mw (?E@é%
a rans no or .

rer, in general, cellular mdm@teﬁephomes pmeessed amaﬂog

transmission of the analog sig
mdi@tel@h@ne mquﬁmd additiona]l hardware in the form of
signalling hardware devices that were
separate from the digital data signal lines to convey the analog
tbmugh the cellular mdmte]lmne from user interface

portions of radictelephones to the transceiver. Thus, cellular
mdm@tel@hmag have parallel hardware paths for analog sm@alts and

16 digi signals from the user interface portion

10

digital m@aﬂs properly formatted f@r m@dmhtmm and transmi
Because a decrease in the size of radiotelephones is a dembﬂe goal
20 in cellular radiotelephone technology, minimizs
hardware requires that parallel paths, such as the one between the
user interface portion of a radiotelephone and the central signal
ocessing portion, be avoided wherever possible in order to decrease
the size of cellular radiotelephones
25 Examples of serial digital data buses which are presently used
in parallel hardware paths with analog signals may be foundina -
synchronous self-clocking digital data transmission system
described in U.S. Patent No. 4,368,516 to Byrns, a
synchronous/asynchronous data bus system described in U.S. Patent
30 No. 4,872,432 to Wilson, a radiotelephone peripheral bus system
described in U.S. Patent No. 4,680 78?@MamamdeS Patent
No. 5,060,264, "Radiotelephone Controller Configured for Coresident
Secure and Nonsecure Modes” to Muellner et al.




Subsequent to denodul ation, the original signal input by the user ny
be reconstructed, generally, after further processing of the 20

denodul ated sinal is done to elimnate noise added in the transm ssion
of the signal over the radio-frequency channel. The reconstruct ed
signal is then output at the user interfacg.on the recei ver side of
the radi o system where devi ces such as speakers, displays, or
facsim |l e nachi nes nay be |nterfaced to the radi o 25 ste

Conventional cel | ul aThesjnshrbnpia/asynshroaots

and recei ver to

frequenci es. Th

radi ot el ephone layered

separate frome
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recei ver to%opekx
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?@maﬁﬂﬂy mp@rﬁ@t haracte
functions of a portable radiotelephon
'w;;wm;p@muﬂumﬁ&totakea@h@@ﬁ&ge@fsupenmrmmdﬁﬂetype
characteristics, such as power output, using & minimal amount of
thmeﬁbrﬁherequmedtmmmﬂbrmfda&&Aﬂm@x&muﬂe@fazn@bﬂetype
radiotelephone peripheral is described in U.8. Patent No. 4,680,787
"Portable Radiotelephone Vehicular Converter and Remote
Handset”, a CVC, to Marry. This integration was accomplished by
splitting radictelephone functions between the CVC peripheral and
ﬁhepmwﬂﬂﬂeradmﬁak&ﬁmme Uhervuwuﬁﬂefmmmmmnsaﬂm&ﬂaﬂt@the
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radiotelephone functions and information between the portabie
r@dmnekﬁﬂmnmaamdthe(ﬁWC;mmuﬁnﬁalﬂbmmgm&gﬁﬂevmﬂhthe

rachro ‘u;mﬁ;m@nmmmm@und@mm&@dnmlls Patent
N@ 4,369,516 to Byrns, and the synchrono yochrono
transmission system, U.S. Patent No. 4,872 432 to Wilsm, met the
requirement of providing greater speed for the transfer of data
between the radictelephone unit and peripheral.
Currently, there is an even greater demand for faster
transfer in cellular radictelephones because the increased number of
users on present cellular systems have strained cellular system
c&p@@my'(kﬂhﬂarsys&nnsrawmwemmmmaeﬂﬁmentumecfthezemmmmes
availahle for cellular systems.
(Mmamm&nnermmvﬂmchcmﬂ@%mrsmﬂnn@capammycnuh&hm1u&m&
more efficiently is to send more messages within a given period of
time. This could be accomplished by digitizing all messages sent on




In prior cellular radiotel ephone units, |log information signals were
nodul ated and transmtted along with digital I nf-ormati on signals,

t herefore, separate parallel hardware paths 5 signals to the nodul ation
circuitry in order to transmt the signals. Mor eover, in general
cel l ul ar radi ot el ephones processed anal og signals as well as digital
data information. The processing and _glransm ssion of the anal og
signals within a conventional cellular radi ot el ephone required
additional hardware in the formof 10 har dwar e signal |ines and

signal ling har d&e%ﬂaﬂm&m@hﬁby pellalar radiotelophomes; tand tioen sémdi

data signal |ings.49.¢£04) ‘ ﬁ%ﬁﬁga?f a1 0 fular

r adi ot el ephone ”"9“‘§§?; b 1ot ""seq%%ﬁﬁéqﬁsgﬁe radiQ a%ongt to the
transcei ver. Theedi Nwaﬁﬁﬂmﬁmmmﬂgdmbﬁbﬁ@ﬁﬁ@ﬁé*ﬂﬁﬁw*' ﬁ@nm& dwar e
paths for anal Ogndssgah - %memmr

interface pqarti ephones.to the.centr
si gnal proc%% i ”””““”7&H%¥@5 ﬁ@@
signals may be pnals Bpeciy il
nodul ati on and
radi ot el ephones™ TS
t echnol ogn, m niee
path, such as ta,,
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pmﬂmmmmmﬁhema@mﬂékmﬁmmm transcei

and then to the modulation point in the transn tt.er. Amaﬂog

messages, particularly analog voice messages, could not be digitized

168 and sent on data buses previously used in cellular radiotelephones
because the data buses were not fast enough to adequately send
digitized analog voice messages, that were digitized in & real time

 manver, from the user interface to the transceiver portion of the

cellular radiotelephone. For this reason a higher speed data bus for

20 cellular radiotelephones is necessary.
Moreover, much higher capacity systems, such as the time

&nmmmnmmwmmﬂeamumsﬁfﬂﬂungﬁ;»uy

25 h&m@hng@hma&banthea@memmmhmnmddaﬁmmmmmnm&umnamﬂznw
In TDMA cellular radictelephone systems, it is generally desirable
that analog voice messages, which come from the user input into the
radiotelephone in a continuous manner, take pricrity over digital
data or digital control messages because the continuous nature of

30 voice messages dictates constant sampling of the input while a voice
message is being input, e.g., at a radiotelephone microphone,
otherwise there will be gaps in the voice message; on the other hand,
digitsl data coming into the radiotelephone unit is already in a form
such that continuous sampling is not required because errors in



user interface portion.of a radiotel ephone and the central signal
processing portion, be avoi ded wherever possible in order to decrease

the size of cellular radiotel ephones 25 Exanpl es of serial digital
data buses which are presently used in parallel hardware paths with
anal og signals may be found in a synchronous sel f-clocking digital
data transm ssion system described inB4d. S. Patent No. 4,369,516 to
Byrns, a synchronous/asynchronous data bus system described in U.S.

Patent 30  No. v %%ry aﬁ%ﬁ%" ?éessystem

described in U S ,
No. 5,060, 264, "tamibet AN m@'@mm@ e
s; %uanchronogaag%t a 1

7_1@\ il \i\\ il

Secure and NONSEfhlaE

transfer speed mporﬁ:ant @@nszdemm@m for eliminati
signals from cellular radiotelephones, but conversion, transmission,

10 and storage of analog voice message signals in digital form gives the
cellular radictelephone (and cellular system as well) greater
ﬂem‘hihty and quality because once the message i in a digitally-
represented form it can be stored, processed, and retrieved in a

or whereby the signal

is not lost or suhbject to the type of signal
15 degradation that occurs in processing, transmitting, and receiving

sm@als
Therefore, it would be desirable to provide s high speed data
bus for a cellular radiotelephone that transmits data fast ensugh to
allow the cellular radiotelephone to function in a cellular system that
20 has greater message throughput than current cellular systems
(such as a TDMA cellular system). It would also be desirable if the
high speed data bus were fast enough to allow a reduction of the
number of analog and digital data signals paths in the eeﬂuhr
radiotelephone by digitizing the analog voice message signals _
25 user interface portion of the cellular radictelephone such that the
signal paths could be used to carry digzm data massages as
well as the digitized analog signal , bsystems
cellular radiotelephone as well as to pemphemﬁ devmes which might
be used with the cellular radiotelephone. It would also be desirable if
30 the transmission of digital data transmitted over the high speed d
bus did not cause a degradation of the digitized voice messages in a
cellular radiotelephone. It would also be desirable if the data bus
system were able to allocate the bus dynamically so that multiple
peripheral devices, such as multiple voice peripherals or facsimile




4,972,432, described a asynchronous data transm ssion system | ayered on a
sl ower sel f-clocking synchronous transm ssion system The asynchronous data
transm ssion system had nuch faster data transfer capability than the
synchronous data transm ssion system described in U S Patent No.
4,369,516 to Byrns. This was a particularly inport characteristic when
trying to integrate the functions of7a portable radiotel ephone with a
nobi |l e type radi ot el ephone peripheral to take advantage of superior

nobi | e type l0mackitsdehbsld Sié tRe rﬁ&ﬁﬁe hBﬁé’% EP% Ha% Qﬁi&?xﬁ'ﬂg' ”g'
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4, 680, 787 " Portabl e Radi ot el ephone Veh| cuI ar Converter and Renote
Handset", a CW _to Ml nt egration was acconplished by 15

splitti ng r adi*Oterepote 1% B pet ween the CVC peripheral and t he
portabl e riadi ot el ephone. User variable functions allocated to the CvC

and radio functi 0“%@69&%@@9{ iheogfgés%ﬁo flﬂge?ﬁﬁ&ﬁ”% @i&es'g'dggg traxﬁ%np ortabl e.

This required a nu ran on over cel lular
r adi ot el ephon@RParatys or 4 radipteleph meh@raémsmg@tmemmmiexedmct i ons

and i Ef or Imstt Ih(&atadauwmir ééiﬁnﬁﬁﬁﬂcaﬁbﬁ with & n&ﬁﬁﬂeﬁt&ﬂsﬁ &ﬁg flr%a miar On
per Pherel 19 BRIk gs bidiion coce i L 593 g e
synchr ondis/ asyemis forqgenetating data répréslaﬁﬁasﬁﬂecﬁf Piotiefin FesporRal®d No.
4,972,432 10 %@*%ﬂdﬁﬁ&n 9Cthe bus when the radiotelephone peripheral is

powered up; means for accepting a plurality of data bits; and means

for assembling said contention determining field and said accepted

data bits for transmission in one time slot on the time multiplexed
15 data bus.

Brief Description of the Drawings

FIG. 1 is a block diagram of a cellular system utilizing cellular
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 radiotelephone.

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

FIG. 5 is a diagram of a cellular radiotelephone interconnected
by the data bus to an external peripheral apparatus.

30 FIG. 6 is a diagram depicting the relationship between the
' individual data timeslots of the data bus protocol of the present
invention.

FIG. 7 is a block diagram depicting the apparatus within a
device connected to the data bus used to determine bus contention

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



25 requi renment of providing greater speed for the transfer of data

bet ween t he radi ot el ephone unit .and peri pheral . . Currently, there
i.s an even greater demand for faster data transfer in cellular

radi ot el ephones because the increased nunber of users on present
cellular systenms have strained cellular system 30 capacity. Cellular
systens require nore efficient use of the rgsources avai | abl e for

cel lul ar systens. One manner in which cellular system capacity
coul d be used nmore efficiently is to send mor e nessages within a

gi ven period of FIG.& is Ehdisgram depietingcihepdaqpieadial o

nessages sent Ong.. I n'(u%w
radi ot el ephones, ancdest%mﬁ7 sen%%edaqﬁﬂ&w d‘ﬁﬁbﬁfym%e| g|¥aﬁ net%%z%‘?

sequential |y tobuse individual cellular

diagram demc@mg the main data flow paths,
Sorms tﬁm, and protocol handling mechanisms for dm@t@l data and
ﬁi@@m& voice mesgages sent to the daw. bus for transmisss

10

pam@n cfa eeﬂular mdzowlephme, ar other peripheral
device connected to the cellular radiotelephone user interface by the
dats buas,

FIG. 11 demm a diagrs

m of the clock used for Manchester

15

ED@@mtchﬁuMsﬁMrhwodhﬁatmmmﬁhrap@ammﬁvﬂﬁdham@cQQMEMEmg
for access to the data bus, and the resulting determination at the
eighth bit of the stream.

- FIGS. 13A-18D are flowcharts for the process of flow contrel for
the peripheral transmitting to the master (FIG. 13A); for the
peripheral receiving from the master (FIG. 13B); for the master
receiving from a peripheral (FIG 13C); and for the master
transmitting to a peripheral (FIG. 13D).

FIGS 14A and 14B are flowcharts for the process of
selection in the master (FIG. 14A) and the peripheral (FIG. 14B).
FIG. 15 is a flowchart for the process of power up employed by
the peripheral.
30 FIGS. 16A and 16B are flowcharts for the process of peripheral
priority flow control for a priority audio message (FIG. 16A) and a
specia] priority message (FIG. 16B).

20

28




radi ot el ephones operating on the system Mreover, digitizing all
nmessages woul d al so emabl e systens to use the cellular- 5 system

radi o-frequency spectrum nore efficiently because digit'ized anal og
nmessages use | ess of the radio-frequency spectrumthan anal og voi ce
nmessages. Therefore, nore digitized voice nessages coul d be sent
over a portion of the radio-frequency spectgumthan the equi val ent
anal og voi ce nessages. One nanner of doing this is to 10 digitize the
messages at the user interface to the cellular r adi ot el ephone, and
then send the nessages to the central proce55|ng : portion in the

radi ot el ephone 1, el # O, Talf : and then to the

nodul ati on p0|n‘ﬁ ARSI LT BT AT AT 0 ] ”ﬂkassages particularly
anal og voi ce messages, could not be dlgltlzed 15 ‘and sent on data bus
previously in ceI | ul mdg@éf@b anafticited Reedlstsndisges were

not fast engugh i

that were d glt“*piu'
i nterface to theedquize db@alephone
T

For this reasonyg
i's necessary.
the tine
current

data and
in ﬂ@

z«zﬁbrpmmw&nmgameﬁhﬁ?ﬁ@@hﬁﬂbﬂ a
nessege is a date message, and messages
}w,«gsa;@fﬁhazadkmdh@&oneamemm&ikwv
enhancing the real time processing capability for
i digitized anslog veoice messages.
A time slotted date bus in which all the time slots are
ntained within a frame is employed. Messages are sent within the
individual time slots of a frame. Time slots may be allocated to
individual peripheral devices for each frame, or ssveral peripheral

20 devices may time multiplex over the same time slot. Each frame
contains at least one general use time slot which can be used for
messages other than digitized analog veice messages. The data
transfer apparatus can be used either to receive messages sent to it
over the data bus or to fransmit messages over the data bus.

25 The data transfer apparatus creates two different message
formats, one for messages to peripheral devices from the bus master -
(downlink messages), and ancther for messages from the peripheral
devices to the bus master (uplink messages). During the data bus
start-up procedure, data bus contention is resolved by information

3¢ which reaches the data bus as the fourth of four fields (data bit field)
contained in the uplink messages; this information is retrieved from
a memory device. In the case of uplink messages after the start-up
procedure has been executed, bus contention is resolved by the




In TDVA cel l ul ar radi ot el ephone systens, it is generally desirable

t hat anal og voi ce nessages, which conme fromthe user inmput into the
r-adi ot el ephone in a continous manner, take priority over digital
data or digital control nessages because the continuous nature of 30
voi ce nessages dictates constant sanpling of the input while a voice
nmessage is being input, e.g., at a radiotelgphone m crophone,

otherwi se there will be gaps in the voice nessage; on the other hand,
digital data coning |ntotherad| teltﬁg%g nit g alreg naform
such that conti ninfosmegion confained gx%g j GpMprising

routine digital ﬁ@é
stored and retrleved

" from st o ageeand resent if an £Ir O det ect ed.
Thus it woul d be desi @M BRFERYUE PPUTSRT phnﬁgg Mone
dat a bus accormdmméwm hednput ports is for inputting

5 digitized analog ce Mmessages a@d aﬁ for inputting information
trieved from & memory device) used during the data bus start-up to

gedeem@dn be readily and nmessages can be
nt

termine the address with which data transfer apparati connected
high speed data bus will be able to access the high speed data
bus. The other port is used to input digital data messages and
ssages of the highest priority. Messages are routed, and priority
termined, by the input port the messages
ww@m&e&a&mﬁ@appmm En@rdertoopemteatthe
igh 8 required to sample and process digitized analog voice
messages, and also accept digital dam messages at the other input
15 p@ﬁ., the datam&rappamms has internal devices which are able
to receive information in bit form from other devices and to create a
48 bit data field from the received information. All messages sent
over the data bus contain 48 bit data fields. In addition, 16 bits (the
beader) are used for message handling information, included among
20  these 16 bits are a priority field, a register select field, and a field
designating the address of the device originating the message. These
16 bits are created within the data transfer apparatus in Merent
locations and are routed differently over the data bus, depending
the type of mesaage, i.e., voice, non-voice, highest priority mesmge,
25 or start-up procedure message. The messages are coded before being
sent over the data bus, and the coded message is also used to
determine bus contention when several devices are connected to the
data bus.
The data transfer apparatus is aiso able to receive messages
30 sent to it over the data bus. The data transfer apparatus determines
the appmpﬁate output location for the message sent to the data
tramsfer apparatus according to the 16 bit header information. The
reeemvadi messages can be routed to the same dmces which comprise
the two input ports mentioned above, depending on what the message

10




5 at the radiotel ephone user interface in a real tinme manner, w thout

interruption, as well as already digitized nmessages. —, transfer speed
Lnportant considerations for elimnating anal og signals fromcellul ar
radi ot el ephones, but conversion, transm ssion, 10 and storage of anal ogy
voi ce nessage signals in digitar form gi ves t he cel lul ar

radi ot el ephone (and cel lular system as wellgy.greater flexibiity and
qual ity because once the nessage is in a digitally- represent ed
formit can be stored, processed and retrieved in a manner wher eby

the signal is nmeas,tm e veids] wnevmm.rbghmpﬂmws% or a$ABAUPI on
that occurs in proces smtting, and receiving

Therefore, it wdu pe desirable to provide a hi da%yath bgfor
a cel lul ar radiotel e@@%@ Waﬂ@?ﬁhw RTSEeeRRY PPy epregpp. W
the cellul ar ra%@@ﬁ@ﬁfi@'ﬁa&w&laﬂﬂw : has
greater nes throt _than h as a
TDVA Cel | Ul il ,,.‘z; _,‘77,.1,, il LR \ada e ,»_,:- hard%i&g Speed
data bus vere Taﬁﬂsmm of

by digitizing tH&
portion of the
pf"‘t _hs_ coul d be

embodiment, all information input to a
telephone is digitized at the user interface portion of the
signals are no longer transmitted
among the subsystems of a mdmteleph@ne, nor are amalog m@aﬂs
dﬁmeﬁy modulated for transmissi frequency
channels used by a cellular radiotelephone systerm. Radm@eﬁ'equemy
spectrum is conserved because digitized information signals are able
to carry equivalent information as mnadxgmm@ szgnaﬂs in a smaller
20 portien of the radio-frequency spectrum. Accordir pres
invention could be used in conjunction thh a system such as TDMA
celluiar system so that radio-frequency spectrum is used more
efficiently. Moreover, digitizing all messages at the user interface
portion (or within peripheral devices mmmected to the radiotelephone
25 over the data bus) reduces the number of signal lines used to
interconnect different sub-systems of the radiotelephone. This
corresponds to & reduction of hardware requirements, an important
factor in reducing the size of radiotelephones. Additienally, the
present invention is fast enough to provide for simultaneous
30 connection, and operation, of several peripheral communication
devices, voice and non-voice, to the radiotelephone.
Cellular radictelephones provide the same type of fully
automatic service to a mobile or portable radictelephone user that is
provided to a conventional land line telephone subscriber. In a

mdmteE@hom, so that analo

i5
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cel lul ar radiotel ephone as well as to peripheral devices which m ght

be used with-the cellular radiotel ephone. It would al so be desirable if 30
the transmi ssion of digital data transmtted over the high speed data

bus did not cause a degradation of the digitized voice nessages in a

cel lul ar radiotel ephone. It would al so be gEgLrable i f the data bus
systemwere able to allocate the bus dynamcally so that multiple
peripheral devices, such as multiple voice peripherals or facsimnle

machi nes, coul d inu“‘ennﬁm&ﬁqﬁMthaﬁwf@\seﬁﬁ@e dagvercs avidey
use the cellular g , st L &iBer of cells. Ipgmmery of

the I nvention

m@@m}x eeﬂuhr systm each cell typically has a base station,

‘“wmglandzammmmbarci

8
u&ﬁmmeadh@ftha@dmséigmmu@jm;A?w,¢:-

L is depicted in ¥IG. 1. Depicted in FIG. 1 are & remote
radiotelephone unit 113 controlled by cell base station 117 through
“ﬁﬁd@ﬁh@rﬂ@ﬁﬂékﬂﬁmmemnﬁt1133@@7emmmmmnﬁxmevﬁﬂhaeammﬂ

15

. signal processing portion 111. This central signal processing
portion 111 contains the central computing processor for the

20 radiotelephone and is generslly located in the portion 121 of the
radiotelephone which containg the transmitter 101 and receiver 103.
In a conventionsl system, upon completion of the signalling
radictelephone is assnmd a radio voice channel to which it switches
from the radio signalling channel for the duration of the call. In the

28 evemtﬁhatsnmm&mﬂﬁephoneleavesthsc@ﬂammﬂemﬁewssmmﬁharc@ﬂ the
radiotelephone is automatically switched over, or handed off, to an
available voice channel i

The system of the preferred embodiment has been designed to

cperate in a cellular remote radiotelephone unit that will eperate in a

30 time division multiple access system (TDMA), although it eould be
used in any automatic radiotelephone system. A conventional
radiotelephone sends information signals among the different
functional blocks that make up the radiotelephone as well as to
peripheral devices connected to the radiotelephone. In a conventional




Accordingly, the present invention provides a data transfer appar at us
for a radiotel ephone peripheral using a tinme nultiplexed data bus for
comuni cation with a master unit, conprising neans for generating a
contention determning field, further conprising 10 means for generating
data representative of priority in responsejgo a busy condition on

t he bus when the radiotel ephone peripheral is - power ed up; neans for
accepting a pIurallt of dat a blts; and for asse I|n%h2a|d

contention deter
transmission in mtmwﬁe
| Io k di agram of

Brief Descripti ,
a cellular syst eﬂ‘@? PPRARE Fadiotglep
the present invention¥er exmpme,m g@zﬁmﬁm
princi pal pogti og; scel bul |

hi gh speed d3t a iiyw BaEl ,w,.;w,»: & CBLILL j§:J w WIS pLI0NS
3is abit di agrmm m&l@gm&m

to a device on tgGen

the data bus to IRESRER SiFR
cel lul ar radi ot nad i S s rough
10 iotelephone system toa md@@teleph@m receiver which receives

the @naj.ogvmee message input. Thus in order to get the analog voice
information into the cellular radiotelephone system, two ansalog
signel lines are required.

On the other hand, a digital signal input, for example a keypad
i8 pmss m& to M a user telephone number, will be mmed on

20

from the keypad press device to the transmi
information through and to the cellular radiotelephone system.
Moreover, in a conventional radiotelephone there are separate lines
for analog voice messages and digital signals that are to be sent to
25 and through the cellular radiotelephone system from the user
interfacefinput portion of the radiotelephone to other portions of the
radiotelephone. A radiotelephone unit system employing the present
invention has the need for separate signal 1i
from the user interface portion of the radioctelephone to other portions
30 of the radiotelephone eliminated by the digitizing of all analog voice
messages input to the radiotelephone at the user interface of the
radiotelephone, and the sending of digitized analog voice samples to
the central radio processor portion of a radiotelephone. This
radiotelephone unit accommodates digital data messages as well,




by the data bus to an external peripheral apparatus. 30 FIG 6 is

a diagramdepicting the rel ationship between the I ndi vi dual data
timeslots of the data bus protocol of the present i nventi on.
FIG 7 is a block diagram depicting the apparatus within a devi ce

connected to the data bus used to determ n?@ys contention 35 w th ot her
devi ces connected to the data bus and the devi ce address.

FIG 8 is a diagram dep| ctl n t he sequenti al nat ure several

devi ces may use

bUS £ Fiy i i ke
formatting, and ofs y

L

i0 The time glotted data bus, asdmctedmthsfamatofﬂ@ﬁ
employs six time slots 808 sent over & period of 750 microseconds,
called a frame 601. Ea@@medctzsfcmﬁeﬂasahommﬂ@ 3

18
devices. Messa.ges are defined essages
have a message format as shown in FIG. 3, or mplmk mﬁages
which have a format as shown in FIG. 4. The downlink message

20 BTe

pamm(%ebusmster 111 or%ﬁmsmtmne&mthsmrﬁmofm
radiotelephone unit) 207 of the radiotelephone (In the case of a mobile
radiotelephone, this portion is conteined with the transceiv
single unit 201 connected to & user interface unit 208, e.g., & handset.)
25 to other portions of the radiotelephone such as the user interface
portion 203 of the radiotelephone, or to peripheral devices which may
be connected to the central signal processing and computing portions
205 of the radiotelephone.
Referring to FIG. 8, downlink messages provide a format of six
30 fields: & Synchronization Field 303; an Acknowledgement (Ack) Field
306; a Time Slot Number Field 807 which is also used by peripheral
devices to synchronize the time slots in a frame; a Register Select
Field 3089 used to select a particular register within the addressed
data transfer apparatus device; 2 Destination Address Field 311 used




digitized voi ce nessages sent to the data bus for transm ssion to the
transcei ver portion of the radiotel ephone or other pheripheral devices.
FIG 10 is a block diagram depicting a peripheral device (and
correspondi ng data flow) which may receive the digital data or 10

digitized anal og voi ce nessages sent over jf¢.bus froma transcei ver
portion of a cellular radiotel ephone, or other perlpheral devi ce
connected to the cellul ar radlotelephone user interface é ch data
bus. SDEG ‘f' COmm

dpvico conneittadaver dhe tigh speed

G Wk &ﬁﬁazzndm

Manchester 15
appar atus, as

and 255.

Col l'i si on

determ nati o

13A- 13D are

peri pher al peripheral
receiving fromt he ma M froma
peripheral (FIG 13C); @and Tor the r ,‘ d_per i pher al
(FIG 13D). ess of
regi ster edéwibgy al (FI G
14B) . ess ower up

enpl oyed byﬁ@ _ ﬁ

As ghown in FIG. 4., the mpﬁmk f@rma.t provides four
fields, it has an eight bit Priority Field 408, a four bit Register Select
Feld 405, a four bit Source Address Field 407, and a forty-eight bit
Data Field 409. All of the fields, mdudm the 48 bit data field, are

termine bu ATNOnE transfer apparati
which eommunicate with each @thaf over the time slotted data bus.
This is done by a sequential bit-by-bit comparison scheme in each
data transfer apparatus beginning with the most significant bit in
the 64 bit word (in the Priority Field portion of the word) and ending
20 with the least significant bit (in the Data Field 409). Each 64 bit word

is transmitted in a time slot of the data bus frame 601.

Additionally, unique time slots within the frame 601 of the data
bus format are allocated by the ent mvemﬁ@n to peripheral
devices which accept analog voice messages transmi

25 dm@fmzedl voice messages to the cexm'aﬂ spaeeh processing devi

i8

pres

ensure that voice messages are adequate]ly transmi

radiotelephone 113, 118 to the cellular system base station 117;

peripheral devices means the user interface portion 105, 2038 of a
30 radiotelephone 113,119 as well as peripheral dlsvmces externall

connected to the radiotelephone, e.g., an external handse
facsimile machine 107, or similar peripheral dmce 511

As mentioned above, the data bus frame 601 in the preferred
embodiment is 750 microseconds, there are six time slots per frame



t he peripheral. 30 FI GS. 16A and 16B.are flowchart for the process
of peri pheral priority flow control for a priority audi o nessage
(FIG 16A) and a special priority nessage (FI G 16B)

Det ai | ed Description of a Preferred Enbodi nent In order to
acconplish the aforenenti oned needs, anal ogig- requireq real tine
sanpling and processing not realizable on data buses previously

poorporated ;;h@ﬁaéa&%&ﬁ%sﬁ& Bl A chtoe, et Wbl 2°°
@fﬂ@t& hits b}' the pmmt % g hund ' m@ty four
housand bits per second. Ifthe non-data bits are accounted for, the
‘ thsadmmWefmh@mmmed@tmdme
hroughput of five hm,mdmd tweﬂve

&h@msam ’bmts per gaemd. In emther ,~

b se it is much higher than conventional data buses f@umd in
current cellular radictelephones. This throughput is necessary i
erder that penphemﬁ devices such as a handset for mobile
radiotelephones can contain digitizing devices ( coder-encoder
“codec” 213) and the data transfer apmms 211 can transfer
digitized mformg@on to the main Iroces

1C
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st&ﬁmn 117 amdt mdmteﬂephme 118, 119 and from the user mﬁerfma
20 portion 105 of the radiotelephone, the data busis usedina
radiotelephone architecture as shown in FIG. 2. In this architecture,

analog voice messages may be input at the microphone 209, further
processed as an analog signal by the audio contro! circuitry 221 of the
radiotelephone, before being digitized by the coder-decoder 213 which

25 provides for the digital-to-analog and analog-to-digital conversion of
speech or other analog signals. The codec 313 converts the received
angalog voice message signais to a stream of binary bits and can be
used to reconvert stored binary bits to a replica of the original analog
signals, such as synthesized speech signals.

30 After the codec 213 has digitized the analog signals into digital
messages, it then transmits them to the date transfer apparatus 211
where the digitized analog message is sequentially shifted bit-by-hit
into a 64 bit register within the data transfer apparatus. In the case
where the codec 213 is a companded codec, six 8 bit frames as shown

This Sheet Has Been R:ﬁlaced

R




processor portion fast enough to neet the sanpling and processing’

the central radio processor for processing are flow controlled, a
determ nation that said nmessage is a data nessage, and nessages
transmtted to the speech processor of the radiotel ephone are not flow
control l ed, by enhancing the real tinme preddssing capability for

Atine alotted data bus in which all the tine slots are contalned

(e s1ots. of o e 648 A GRADA R Gh it A iy bter oy B8l

peripheral devi md&ﬂ,ﬂm@tﬁmﬂ&hﬁsmm@l bigsfop thee time elot) withindhenny
time multiplex {rBfsftd Bnrldrd @Emtﬁé 218. In the 624Y 8f AY east
one general use time s[of h, can be use r nessages Qt her, than

digitized anal om«c : hfg?ﬁ@@ and b EPTORERAR ®he

neh & % 4 g§8
used either §o rmﬁt@ﬂ@ ME6S

transmt nessages ovek_t
creates two diff ﬁéﬁ@
devices fromt hasm limmited

f he. '—‘r_.,, ) ? .,k‘{‘n;'e‘-v..,v "j ‘: :‘:é
x:::g::) OrDUh o cdb% ention

LRACILER TR 69 dees eddibr th of

i s received by i%hostemed @M 3‘“‘*
fO]chr fiel dsmdatwimﬁlﬁecﬁfm mmﬂ Eﬂé lieds@dé this
information is retrigved from atthe in
codec user terfawpummzmi (ﬁm
iotelephone handset is such a user mt.erﬁ@e) of

i8

that aﬂ@wedbypmmzs data buses used to wmzect the usermtezface
portion 208 of a radictelephone to the main processor 205 of the
radiotelephone, as a result this bus eliminates the need to supply

20 sepmm mﬂagmmlhmmdﬂa@dh&dm@mmmﬂ@g
gpeech signals to the cemmhr radiotelephone's pmeessmg pomm

example, a companded eodec @emmng at an 8 KHz rate reqmms a

64 Kbps data rate. The.system of the preferred embodiment is able to
25 accomplish, and furthermore, to acc@nmmd.ate ﬁve user interface (or

@th@r penphemm devices used to mput VOi nessag

radiotelephone) devices with such data tmnsfer apparati.

Furthermore, because the system allows all analog voice messages to

be digitized and sent over a digital data bus, it reduces the number of
signal lines required to connect the user interface (handset portion)
portion of the cellular radiotelephone from eight lines to four which
is an important factor in being able to down size radiotelephone
egquipment.

30




a nenory device. In the case of uplink nessages after the start-up
procedure has been executed, bus contention is resolved by the

i nformati on contained in the first three of the four fields conprising

t he nessage format. The data transfer apparatus can receive
upl i nk nessages at nore than one inpufi8port. One of the input ports
Is for inputting 5 digitized anal og voi ce nessages al so for |nput|ng

i nformati on (retrieved,f evi
start-up to det ﬁ’ MEM%@W%%
connect ed m&mmmmgmfw
and 10 messagem@ 4%
pr iorit y To INESsa el SSLIRK
the radiotelephone, which functions as the bus master, from other
5 devices which may access the serial data bus.
Pmph@ddmmmdthemmm(the central
iotelephone processor) interconnected over the high speed data
pparatus 211, 219 in order to: properly

i0 = trans over the high speed data bus; be mgmd time
transmitting over the high speed data Mg;'demmine bus
@@n&@ﬁh@n over the high speed bus; and to receive message
bus msm The data transfor apparatus 211, 219 can be used and
configured master side of the data bus or the
i5 pmphemﬂ device side of the data bus. The data transfer apparatus
211, 218 can be used to receive or transmit messages over the data bus
and it can process digital data messages or digitized analog voice
messages.
For example, in the case of anslog voice messages input to a
20 periphersal device such as a handset, the data transfer apparatus 211

in & peripheral device allows the radiotelephone data bus to accept an
analog voice message from a peripheral device 203 such as a handset
as depicted in FIG. 2 aﬁerthemalogvm@emesmgeh@sbeem

25 (%rm@fmphmmmydmbemdmm@mmt
invention, for instance FIG. § portrays a different device, such as a
facsimile system 511, which may send information through the data
transfer apparatus 211). The data transfer apparatus 211,219 may
then send the digitized analog message to the central processing

30 portion 207 of the radiotelephone, or some @ther peripheral device
connected to the high speed data bus.

The data transfer apparati 211, 212 contained in peripheral
devices that commmunicate over the high speed data bus (either on the
bus master side or peripheral device side of the data bus) is depicted




and bus contention are determ ned, by the input port the nessages use

to enter the data transfer apparatus. In order to operate at the

hi gh speed required to sanple and process digitized anal og voice

nmessages, and al so accept digital data nmessages at the other input 15

port, the data transfer apparatus has intef®8@F device which are able

to receive information in bit formfrom ot her devices and to Create a

48 bit data fiel LGEi ' ]

over the data bu by
hese

'1

der) are used f odepicbadi
16 bits are a prbﬁg
designating the r§ﬁ§ %
16 bits are crea h

| ocati ons ang ar ghieh the rrehdst

t he type of nﬁssﬁﬂianm‘w——‘$t- 25
det erm ne bus I n | BPS 1Br6 oL t

data bus. CEE %@%’[ ”iiéé ﬂ%%ﬁ?%ﬁmﬁgﬁ;ﬁ%@ggﬁgg § rréa%el ve
messages 30 seﬂmwfﬂ@@ﬁ@md«a@m waed to toarsfe tus
deternines 4g v TPl ;;H whot®

the data tr to

éhﬂ@ﬂ@@@ @@ﬁ@m@@%lces
transfer provides a mechs ’«;;Em te create a
64Emtvmm@ﬁmmnatvﬁmdhmsusa@t@smmﬂamdm@&ﬂm@dﬂ@@ddbMa
wa;aug@;ammﬂdm@ﬁz@@&mm&mgvumznnemwgwscwerﬂhedhﬂahms
18 FIG. 7 is a block diagram depicting schanism used by the data
iransfer appa 'dwaaidewmeﬁndMMEmmneﬁmm
@mman@@vaMhcmhmrpgmphmmﬂdmwumm,@m@tudetawﬁ}»the
pheral Device address over the high speed data bus.
At the beginning of operation of the high speed data bus (start-
20 up), the data transfer apparatus of each peripheral device assigns
nddress so that it can communicate with other devices
connected over the high speed data bus. Because more than one
device may be connected to the high speed data bus at start-up, it is
necessary to resolve contenfion among, and between, the peripheral
25  devices to be connected to the high speed data bus at start-up. In
-order to do this, the entire 64 bit word generated by the data transfe:
~ apparatus is used to determine bus contention.
In each peripheral device, at start-up, the first three fields are
initialized to the following values in the Audio Header 903 portion of
30  the Transmit Register 801 of FIG. 8, the Priority Field 403 (FIG. 4) is
set to 2 value of 254, the Register Select Field 405 selects the processor
register (register "C") in the bus master which is the same as
Handset/uprocessor Register 1001 (FIG. 10) in a peripheral device,
the Source Address Field 407 is set to zero by all the data transfer

i nformation. The
whi ch conpri se




the two input ports nmentioned above, depending on what the nessage
type is, i.e., voice, non-voice, highest priority nessage, or a start-up

procedure nessage. One application which nay advant ageously
enpl oy the present 5 invention is that of a cellular radiotel ephone in
whi ch a m ni num nunber of signal |ines20and associ at ed radi ot el ephone
har dwar e, ai ds in the mniaturization of the radlotelephone equi pnent .

In the preferred enb01 al | |nf t|on|n ‘
is digitized at HPRATRE ﬁﬁ@&? “ i ke &

t hat anal og si gnpicesdure has beepaxe 5
a radiotel ephon Mjg @ﬁv@ﬂ% .
bﬂﬁ; ang the Data Field 4@9 is used to determine bus contention when
5 more than one peripheral device is connected to the data bus. Once
such & bus contention is determined, the peripheral device which
gaings access to the bus assigns itself an address equal to the numbes
of attempts required to gain bus access
_ Thepmbyvfhﬂdwhemterseﬂmgmgmwrﬁewm
10 shown in the flowchart of FIG. 14A. A determination is made, at
1401, whether the data is presented from the microprocessor port. If
yes, the destination register generated by the microprocessor is used
(at 1403) as the register field value. In the preferred embodiment,
vahmes? 8,8, B, C, and E are used. If data is not from the
CTOpProces etermination is made, at 1405, whether data
representing digitized audm is available from the Audio Port. If yes,
the master destination is selected (at 1407) to be the Audio register
(Register "F", in the preferred embodiment). If audio data is net
present, the destination is selected (at 1409) to be a no active register
20 (Register 0).
The peripheral selects a register by employing the process of
FIG 14B. A determination is made (at 1413 and 1415) whether data is

@gtt@e I|Ot ﬁl ephone

Ipmmﬂys@mtems of

el

= o N
,5 w‘ e LI
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port, respectively, and if it is, the master destination is selected; (at
25 1417 and 1418, respectively) to be the Rx Register (Register "C"). If

data is not found to be present, a determination (at 1421) of whether
digitized audio data is present. If yes, the master destination is
selected (at 1423) to be the Audio register (Register "F"); if no, the
master destination is selected (a2t 1425) to be no active register

30 (Register "0").

At start up, the data transfer appmms 211 gets information
from a device external to it, such as the EEPROM 217, in order to
determine bus contention. The data transfer apparatus transmits

this information serially to its Transmit Register 705 where the




directly nodul ated for transm ssion over the radio-frequency channels

used by a cellular radiotel ephone system Radio-frequency spectrumis
conserved because digitized information signals are able to carry 15

equi val ent information as non-digitized signals in a snaller portion of

t he radi o-frequency spectrum Accordingly, -8be present invention coul d
be used in conjunction with a systemsuch as TDVA cel | ul ar systen1so

that radio-frequeng _ W%egsﬁt 3 M

digitizing all ngs

peri pheral devi c HEPROM espevifio i

reduces the nunbey,.af SHad aTalal=lox

subsyst ens of the raad ot phonge. | ‘ re uc |on of
har dwar e requi r ef phernl gevice mﬁm@tmth mmm ﬂ@m@?

radi ot el ephoiges. efeld sgeedww A%gtﬁﬂtug%hg enough to

@bty ugj"ﬂ gecess 't
oYL e 01 e RS 5 Gl e Gpeshs 201 e o

radi ot el ephone. access the bus iscddt\toame: adi ot el ephones provi de the sanme type
of fully aut onat i e PRICS e _user
that is 30 pI’OVI ded W%%e‘h@ g’#ﬁﬂ%‘%%% e "‘W' I n
a the peripheral device 208 is programmed so that the éata tmmfer

10 DPETE l

information Med in EEPROMs of other pempheml devmes whm
more than one device is connected to a cellular radiotelepho
when there is bus contention, the peripheral device wm&h the highest
18  wvalue number stored in its EEPROM 217 will gain sccess to the data
bus. To perform the start up bus arbitration, the EEPRO
transferred into the Transmit Register 705 of the data transfer
pparati 211. The first three fields (16 bits) are initinlized s
previously described. Then the entire 64 bit word is transferred
20 TX/RX Shift Register 707. After proper encoding (through the
Manchester Encoder 709) of the bits sent to the Tx/Rx Shift Begmster
7@7 the data transfer apparatus 211 does a htebyabmt cornpariscn
the 16 bit header and the 48 bit data field through
gate in the Collision Detect circuit 713 with a signal (data bus state
25 gignal) derived from the Manchester Encoder 708 output {(through
buffer circuits) of the data transfer apparatus 211 wired to the
Menchester Encoder cutputs of other data transfer apparati
attemp@mg bus access. If the data bus state signal and the
Manchester Encoder 709 output are not the same for any bit, then the
30 output of the Exclusive-Or function and the Collision Detect 713
circuit is a logic "1" which indicates a collision on the bus has
pccurred and the data transfer apparatus which detects the "1" will
not gain access to the bus. The data transfer apparatus which detects
the "1” will stop its attexpt to access the data bus and it will




cellular radio tel ephone systemservice is provided over a w de
geographic by dividing the area into a nunber of cells. In a
conventional cellular system each cell typically has a base station,
whi ch provides a signalling radio channel an a nunber of 5

radi ot el ephone voi ce channels. A base stat+2&-contains one or nore
receivers 135 and trasmitters 133, as well as control and ot her
circuitry 131 o base stat.io @é]% are 10
systemis depict wprpa M@? ﬁ' t@

radi ot el ephone uaj rm‘.'u. Md@&@dﬂl"%bm@m

radi ot el ephone u“"” Y ,
station 117. Eachitsasicodstac

transmtter 4 ta QA PRk dhiasatiss
portion 105 Wnere. ] epr t

istornl me‘?@&ﬁmm& 15

ﬁﬁé ? {ﬁ@ﬁﬁ fidthdhbace

paini ta transfer apparatus will
obtain aeeesst@thedatahman&wm asgm@mseﬂfthe address equal
to the value in its Priority Counter 701, which is one. The other data
transfer apparati which failed to gain access will increment their

10 Pn@m.y Counters 701 by cne, and the same procedure cutlined above

paragraph will be followed until a second d trans
Thms stmt»up procedure is repeated until each d@ta transfer
spparatus gains access to the bus and assigns itself an address. Each

15 failed attempt to access the data bus results in the Priority Counter
701 incrementing itself by one in each peripheral data transfer

paratus which fails to gain access to the data bus.
The process followed by each peripheral device is shown in the
ﬂ@wchartofMG 18. After power is turned on for the peripheral,

20 memory is read and the address count is set at an initial 1", at 1601.
Following a wait for the start of a time slot (at 1508), the unique serial
nurmber is sent on the bus bit by bit starting at bit number 64 (at 1605).
At each bit, contention for the bus is checked, at 1507>. If a collision
is detected, & test of the state of the ack field is made, at 1509. A result

25 of a busy condition returns the process to wait for the start of the next
time slot; a result of 2 not busy wndm@n results (a$ 1511) in the
incrementing of the address count by one, a cessation of the current
serial number transmission, and & return to wait for the start of the
next time slot. If a collision is not detected in the checking step 1507,

30 the state of the ack field is tested (at 1513) and the current address
count is loaded (at 1515) for the peripheral. If a busy condition is
noted from the ack field, the process returns to wait for the start of
the next time slot.




into the transmtter 101 after necessary signal processing in a
central signal processing portion 111. This central signal processing
portion 111 contains the central conputing processor for the 20
radi ot el ophe and is generally located in the portion 121 of the

r adi ot el ephone whi ch contains the transm t428- 101 and recei ver 103.
In a convention system upon conpletion of the signalling, the

radi ot el ephone i s asi adi.o ,y0i,¢ tovvhlch id..SW

fromthe radio si gnal%glim%@gﬁfg%ﬁ Mtc@ d“%:’% 25
event that a radives 8 kkpseqaene [dnchedterrarmoded

r adi ot el ephone i g Gk

avai | abl e voice ‘
preferred enbodi ¥
renot e radi o§el ehfienn'th
mul tiple access syst
automati ¢ radi otel ep
i nformati on si gngdys
up the radiotel e

the radi ot el epho&e&% Bigh

R carit HTE, d| vi si on

e @&Td I n any

one sends
bde dita bént cutke

ccde if the data bit sampled is a zero, and mt is inverted

10 anehes
ﬁmm the clock if the data bit in the sampledmtervahs non-zero. The
" Manchester Encoder 709 output is one of the two inputs to the
Collision Detect 713, an Exclusive-Or function gate.
%eathermputt@th@@@ﬂmmwnam derived from all the
18 ' sr Encoder 708 outputs of peripheral devices which are

nnected to the cellular radiotelephone by their data transfer
pparatl thmugh data bus driver 715 and com narator 711. The _
resuﬁtmg uplink data bus line forms & wired- AND configuration of
the Manchester Encoder outputs from all attached peri ]
20 devices. The Exclusive-Or function is then perf@mgd mth the two
inputs, and if the Manchester encoded data bit matches the data bus
gignal bit, then the Collision Detect 713 circuit output is zero,
and the next Manchester encoded data bit from the Tx/Rx Shift
Register 707 is shifted into the Manchester Encoder 709 and then
25 compared with the data bus state signal. The original value of the
data bits stored in the EEPROM 217 is suchthatdumgthe start-up
procedure the peripheral device with the larges
EEPROM 217, and which is subsequently shifted through
Shift Register 707, and then out to the data bus, wm have a Collision
30 Detect 713 equal to zero for all 64 bits, mdthemfommtwmﬂgamms
to the data bus first.
FIG. 12 depicts in a timing diagram the outputs of the
Collision Detect 713 circuits of two data transfer apparati which are
"contending” for the deta bus with the values 254 and 255 being




t el ephone, anal og signals and digital signals are routed fromthe

portion of the radiotel ephone where the signals input are input into the
radi ot el ephone to other functional blocks in the radiotel ephone.

For exanple, in a conventional radiotel ephone, a user will speak into the
m crophone input of a cellular radiotel eph@4e, and t hen the anal og
signal (voice nessage |nput) wll be routed on anal og signal s

lines to the transmtter Iator,, e the anal og,Vvoi nmessage
signals will be S%#8Y k‘!% R '“ w ﬁﬁg AT anal og

signal is transrgdihiitl kB m~;‘ m&m@mm to a

r adi ot el ephone r. V@S .; nput

Thus in order t

radlotelephone DRSS «~M¢¢m§21$e15ther
hand, a digi i
di al a user elep‘
and be processe®®f

transmtter to RQst

%ﬁﬁﬁﬁgd to
PR ﬁhehggfhe
pguta transter appamtm can not
- transfer ammms that "loses” a
bmscunhmﬂmmmd@ﬂm&mmm@mw&@wnmgﬁheshm%qupmmmdhmemmﬁmm
manner then increments its Priority Counter 701 and does not
attempt to gain access to the data bus until the next time slot. In this
manner, each data transfer apparatus 211 which fails to gain access
to the data bus during the start-up procedure increments its Priority =
Counter 701. The first data transfer apparatus which gains access fo
18  the data bus will be given the address corresponding to the value one
when it finally gains access to the bus. This address will be used in
its Address Field 407 by the device whenever it transmits data, or
awwmmtstntmmmmmmthma ﬁm%h@d@ma@@n@fmg¢mmma@mn@werﬁhe
i : address value is also the value stored in
downlink messages which it receives.
Whmthadatamwerawmm 211 gains access o the data bus, it
transmits zero for the address in its Source Address Field 407 to the
central radiotelephone processor register 1001 in FIG. 10, register
"C" in the radioctelephone’s bus master data transfer apparatus.
25 This is the information in the 48 bit Data Field 409, which originated
in the peripheral device EEPROM 217. The central processor 205 in
the radiotelephone 1138 will use this information to assign a time slot
to the data transfer apparatus 211. The central radictelephone
pmmms&mr@busmmmﬂzm)ﬁ@ﬁ:ﬂhxmmesc&nhca@mﬂtmmeskmsvwmhumeach
frame 601 for peripheral devices (to send digitized voice messages to
the speech coder 223) which receive analog voice messages as input,
such as a handset 109 for a mobile radiotelephone 113, or the portion
of a portable radiotelephone which contains the microphone input
208. The anslog voice messages are digitized by a codec 213,
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30




out to the cellular radiotel ephone system Thus, this digital signal
transm ssion to and through the cellul ar radi otel ephone system requires

addi ti onal hardware signal lines to send the information fromthe
keypad press device to the transmitter in order to send the i nformation
through and to the cellular radiotel ephonee»SSstem _ Mor eover, in a
conventional radiotel ephone there are separate |ines _ for

anal og voi ce nessagesgand diqit gnal s, t e 1o be sent to 25 and
through the cell ul ar. I@E‘F TEFEIY i &M é any

interface/input pearticolardius mmmm m&-tmmpmdupa
r adi ot el ephone. @éw isdrBeRTRa BV dith. tggm@
i nvention has the need for sépdra e 5| “I'nes 1o arr 1 drmatldtﬁ‘

fromthe user i ntenas
of the radiogel

messages i nput to t o_,a ‘__ ,‘ ope al,
r adi ot el ephone SEa] HYE NN ADNCESSLeY raCOae]

ion Detect 713 circuit. A pmphaml device's
r apparatus 211 which fails to gain access to the data bus
7 wgammssmthabmswhemthemmtofa
ach encoded bit fiails to match the data bus state signal
through the Exclugive-Or function of the Collision Detect circuit 713.
FIG. 12 depicts the output of the C@msm@nﬂetect@mm 713 when a
collision is detected in the eighth bit transmi
value from the Collision Detect circuit 713. A@comhngly, the second
pparatus which gaing access to the data bus will
&s&gnmmlfavaiueofmfants address on the bus. A@mthﬁ%h&
data field is transmitted to the bus master 205 (@enwal radiotelephon
m@esm), and if the peripheral device containing
i ssage input penpherﬂ device such
andset 109, then & dedicated time slot will be

10

15

20

transmit to the bus master 205. In the pmfemél emmbodime

is & maximum of five such time slots which may can be assigned to
voice message input peripheral devices such as handsets 109 for

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

This start-up procedure detailed above continues until all of the

devices attemnpting to gain access to the data bus have gained access

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




the central radio processor portion of a radiotelepone. This
-radi ot el ephone unit accommodates digital data nessages as wel |,

-1 4- and allows the digitized anal og voice sanples to be processed
fast _ enough to ensure the digitized anal og voice are of good
audi bl e quality when re@bBrered by a radiotel ephone

receiver and reconstructed for wuse by a user of a cellular radiotel ephone

system preferred enbodi nent of t he
enpl oys a ti wﬂ@m@gt %’RBMP USSR H ??1 é%%ages and
digitized r availak -emmmmm@sm 7@7 for the next attempt to

p sceess to the data bus, by a data transfer apparatus 211 which
previously failed to gain access, the dmta bits can be shifted into
5 the Tzlﬁh Shift Regism 707 from the Transmit R@@S@f 705.
During normal operation, and during the execution of the start
procedure, the bus master 205 will flow control digital data
res. 'T'he bus master 205 will not flow control digitized analog
3 ssages. The dn@@zeﬂ voice messages are muw to the

10

cmmhmﬂ@mdm»ﬁﬂmmmmsﬂhﬂﬂgﬂmﬂh@éﬁﬂh@CkmMﬁﬂﬁundmmmzal T&m
@@m data messages are routed to the bus master 2056 for proceasing
‘Therefore since the digitized voice messages are not actually
pm@essed; by the bus master, the bus master 205, which has the
15  speech coder 223 under its control, allows messages destined for the
speech coder to be sent without "holding off” (stopping and starting
transmission to the speech coder 223 for some variable time
sequence) the digitized voice messages. Digital data messages which
are to be processed by the bus master 205 can be "held off’ until the
20 bus master 205 is not busy processing messages. The bus master 205
holds off these messages by sending the Ack Field 305 with a value of
*1." When the bus master 205 is not busy processing messages, it
will send out the Ack Field 305 with a value of zero, and peripheral
devices wishing to send messages which are to be processed by the
25  bus master may then attempt to access the bus master. A depiction
of this flow control to and from peripheral devices is contained in the
flowcharts of FIGS. 13A and 13B.
After addresses have been assigned to all data transfer
apparati attempting to access the data bus, the bus master 206 and
30 speech coder 223 can communicate with all peripheral devices
connected over the radiotelephone data bus. In normal operation the
key mechanisms of the data transfer apparatus when it is going to
transmit data out to ancther data transfer apparatus connected to it
over the data bus are depicted in FIG. 9.




anal og voi ce nessages between the user interface portion and other

function bl ocks of a radiotel ephone (including peripheral devices

whi ch may be attached to the cellul ar of radiotel ephone). 10 The
time alotted data bus, as depicted in the format of FIG 6

enpl oys six time slots 603 sent over a peri®@-of 750 m croseconds,

called a frane 601. Each tine slot is formatted.as shown in FIG 3
unldlﬁ@ﬂr gouicl

A e an

and FIG 4. The data us UEI i zed t
the "bus master” (the
113) to other deghpasa

from ot her devi cgs
are defined to b&@ﬁh‘g’?

nmesage fornmat asnsdase

format as sh@wn
fromthe Centgr al h@?%
mww

master 111 or 20the Pricgik
unit) 207 of the@@mw
radi ot el ephone,
single unit 201

25 to other poB08will nérmblly

portion 203 t%@g
be connecte to

&E@ Evimm‘;" %e BLS

mmtﬁng itinedl ephone
gver the data bus will

: P@“ﬂrﬂ?@i@ )
\ mm5ustl onjechifore
tized analog voice ; B @xe Bob mw

Poreover, the bus master 205, be@use of the

originaily stored in the EEPROM 217) transmitted to it
ﬁ‘cm a w@mﬂm‘ pmphsml device 203 (which inputs digitized
18 enalog veoice messages) during the start-up procedure, will allocate
at least one time sht 603 to each of such pemphemﬂ devices 801
depicted in FIG. 8, during each frame 601, up to a maxim
dedicated time slots in the present invention. Time d@ts which are
m@t dech@%d to pemphemﬂ devices which input anslog messages

20

mnmmmg mfomxatmn flow on the data bus am@ messages
transmitted to and from peripheral devices 805 which do not have
dedicated time slots. ,

25 The data bus controls bus access for messages which are not
digitized voice messages by transmitting downlink hea.dler 411
information in each timeslot with time slot synchronizati
information and by setting or clearing the Ack Bit Fme]ld 305, thereby
giving penpheml devices permission to send (or to hold off) such
messages on the data bus. Each data transfer apparatus 211 h&s a
pammﬂar address which as mentioned above, was determinec
during the start-up procedure according to particular mf@nmnom
mntamed in EEPROM 217 which resolved the Mup bus

i |iﬂi‘ii“

30




30 fields: a Synchronization Field 303; an Acknow edgenent. (Ack) Field
305; a Tine Slot Nunber Field 307 which is also by peripheral

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

Field 309 used to select a particular register within the addressed

data transfer apparatus device; a Destinat-iZ+ Address Field 311 used

to specify the device connected over the high speed data bus which is

bei ng addressed by t s T8 ter nd a. Data Fi.el d, 313, use o_send
i nformation which wi rﬁt@@ a‘gﬂ:ﬁe @@ ves

The Synchr oni zatgmalog a@tsmpuhlam a/hayuivet 108 for s5mobilet h

the uplink and t] on of & portahR€9! NNi Ng
of every downl i n sages are messa es sent
to the central & 1bmall x

i ‘ic v‘,’
radi ot el ephage fy o —

nheral wormally has access to a time glot durmg every
dam bus fmme 6@1 80 tha.t it cam send mfomah@m to the speech

ndr ﬁm{om' into the eight bits aﬂmted to the Priority Fme]ldl
408 wmt&mmdmthe 64 bhit word constructed by the data transfer
apparatus 211.
In the process of flow control, dam messages are sent to the
bus master microprocessor only when the state of the
15 acknowledgement field indicates a not busy condition. Voice
messages, however, are not subject to control dependent upon the
state of the acknowledgement
delayed, the real time processing of the voice message is enhanced
because the voice messsge is directed to the speech coder without
20 delay. As shown in the flowchart of FIG. 13A, the data transfer
apjpamms 211 for the peripheral devmce waits for the start of the
nlink timeslot, at 1303. A determination of whether a voice
m@ssage@radawmemgmwhemtmmdemmﬂﬁ If the
message is a voice message, digitized voice message information is
25  semnt on the DSC bus to the Audio Register, at 1307, and the process
returns to wait for ancther downlink timeslot. However, if the
determination is that a data message is to be sent, a determination of
the state of the acknowledgement (ack) field is made, at 1309. If the
ack field indicates a not busy condition (ack=0), data is sent to the bus
30 master microprocessor 205, at 1311. If the ack field indicates a busy
state, the process waits for another downlink timeslot and delays the
transmission of the data message until the ack field indicates a not
busy state.




ot her portions of the radiotel ephone, or from peripheral devices 10
attached to the radiotel ephone, over the present invention.

As shown in FIG 4., the uplink nessage format provides four fields,
it has an eight bit Priority Field 403, a four bit Register Select

Field 405, a four bit Source Address Fielde#Q7, and a forty-eight bit

Data Field 409. Al of the fields, including the 48 bit data field, are 15
used to determ ne bus contention anong, data transfer appar at i whi ch
conmuni cate with eactﬁbﬂmm %@m Pergmerat mges messagesrhi s i s

done by a sequergijrgitad l@bwmwm@momgﬁmm hcess of FIGALEB

transfer apparat o W th.,t bit i . the 64
bit word (in thdPeiPepRyng %}ﬁ “'“‘”:‘ wi th
t he | east signi fm@de 2

M@@ EBIT) thﬁ&ﬁ@tﬁ@ﬂ@vﬁw MiilE gy 5 2 b

is transmtted Ir# whyas:
Addi tional Iy u “SEOTS W
format are al | odatthe sejected

whi ch accept anal og OSSP

radi ot el ep X 119 ] Ia \ P
peri pher al C‘%‘g @Eﬁﬁggtl@n AL IRILIAS
radi ot el ephone 1 éatd tosssegemir pptaeivas
connected to theggmh
Register. If the received message was & data message

the &ckﬁeﬂdns determined, at 1329 and if th@ a&ﬁeﬁd indicates a

15

therwise the received data is m@wmdl by the husy
microprocessor and the process returns to await the next received

transmission from the master follows the flow control
20  process @f FIG. ISD The process waits for the start of a timeslot, at
termines, at 1337, whether the message to be sentis a
data message or a voice message. If the message is a voice message,
the digitized voice message is sent (at 1339) to the specific peripheral
Audio Register. If the message is a data message, it is sent (at 1341)
25 to the specific peripheral.

Referring to FIG. 8 which depicts the throughput path of
messages sent through the data transfer apparatus during post-start
up pmae@m @pemtmm, all digitized analog voice messages such as

riginating at a roicrophone 209 input to a radiotelephone
30 handset 203 wbu.c.h are subseguently digitized by g codec 213, as in the
~ preferred embodiment, come into the data transfer apparatus 211 at
the Transmit Register 901 where the data bits are serially shifted i
the 48 bit Tx Register Bits 705, and the Audio Header 903 is added fo
~ make up the 64 bit word used over the data bus. The Priority Field




facsim |l e machi

menti oned above,

is 750 m crosec

- 16- 601,

t hr oughput

ei ghty four
account ed for,
time slot and t
hundred twel ve

throughput is ag,

available in
S | mport
10 f ound igw c
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ne 107, or simlar peripheral device 511. As
the data bus frame 601 in the preferred enbodi nent
onds, there are six slots per slots per frane

and forty-eight data bits per tine slot, therefore, the
of data bits by the presefgp-enbodi nent is three hundred
t housand bItS per second. If the non-data bits are

tﬁgme’ tﬁ'@eﬁé égﬁquh t. n ed %‘)m xtﬁgkﬁ&&‘glt per

digits ‘ MMMM@M@@M t hi s

tpérdﬁ‘k? #@%ﬁ@ﬁ%@ﬁg%ﬁ%ﬂ%put

&e a ® 2 -

th

% Shift Register 707. From there, the 48 data bits (p]tus
the Avudic Header 903 bits) are serially transmitted to the Manchester
Encodes 7@9 then out on the data bus as described in the start«swp
procedure. In the case of peripheral devices used to input analog
voice messages to the radiotelephone (such as handsets 109), the
pricrity value in the Priority Field 408 is such that it will normsll
gm the bus over any other peripheral device attempting to access
Moreover, since it is a voice input device, the bus master 2@5 will
ynehronized the peripheral device 211 to a dedicated time slot
80 that no bus contention with ancther voice message input
peripheral device should arise, and if bus contention does arise with
another non-voice message peripheral device, the high priority value
of 254 will normally ensure that the voice input device "wins” a bus
contention determination (gains access to the data bus to send its
nessage). The 16 bit Audio Header 9@1 which contains the anty

for a ceﬂular mobile mdmteieph@me 118, is routed in paralle
Header Mux 811, then to the tri-state buffer 907, where the 16 bit
header is stored with the 48 bit data field until the internal routing

bus of the data transfer apparatus 211 gates the 64 bit word into the
T=/Rx 8hift Register 707. In addition to a Priority Field 403 value of
254, the Header Mux 911 loads the Register Select Field 405 with the
value "F" so that digitized analog voice messages are routed to the
Receive Audio Register 1007 in the data transfer apparatus, shown in
FIG. 10, which receives the message. This register 1007 may be
contained in a data transfer apparatus used to transfer information
into the central processing portion 207 of the bus master 205 or in the

lata transfer apparatus 211 of a peripheral device which can receive




necessary in order that peripheral devices such as a handset for

nobi | e radi ot el ephones can contain digitizing devices (coder- encoder
"codec" 213) and the data transfer apparatus 211 can transfer this
digitized information to the mai n radi ot el ephone processor 205 15 f ast
enough for processing and storage w thout .gjl.oss of digitized anal og
voi ce nessage information. In order to accommpdate receiving
and processing infornation signals over the radio frequency |ink

bet ween t he basedigitized nm@g;@gﬁzg,;%hmm thei aendralprocessing Qﬂﬂﬂ@éﬁ?ﬂfgn1the
user interface %t:fﬁ;ﬂ, b q Sakite

I n a radiotel eph
architecture, ¢
209, further progs
circuitry 221 of,
coder - decodeT 213%W

anal ogt o- di gi t al thed@4 bitsiare ss

rigdlvosenit mrthe Jl féivr,t’ﬂ!i%,? “3§D:f“" 'y 769 QM sut @he
codec 213 conver @5@ B0 156 ; %@% o a
stream of bi nar % an can%gtm gn&'e |%nary bits
to a replica of W@@ ABYice S SI zed

s peeclh si gnal s a%@teﬂephom,/th@%ﬁ bfighafasg é’lm@b Héamwwgal og
sequenti al I y shi withdubmedification, ‘memto MWSM& mmmwm be
data transfer ANKE Blahthes Eficdti®»®709. ¥rom the Manchester Encoder 709, the
Pﬁmmﬁyﬁﬁékié@&bﬂsameﬁh@mshn$adsenaﬂytoﬁhed@b&busamdths
ollision Detect circuit 713 as in the start-up procedure. The 16 bit
er word output of the Manchester Kncoder 709 is bit-by-bit
mpared as in the start-up procedure. The Manchester Encoder 709
output is one input to the Collision Detect 713 cirevit and the other
input is the data bus state signal as in the start-up proced
TMANNEer, the mi@rity value of 254 which was assigned to the digiﬁzed
20 analog voice message by the Audic Header 801 and which makes up
the Priority Field 403 of the digitized anslog voice message is serially
transmitted to the data bus and the Collision Detect circuit 713, As in
the start-up procedure, the Collision Detect circuit 713 does a bit-by-bit
comparison between the oufput of the Manchester Encoder 709 and
25 the data bus state signal. The Priority Field 408 is the first portion of
the 16 bit header word which is compared by use of the Exclusive-Or
function within the Collision Detect circuit 713. In the case of a woice
input device, the Priority Field 403 has a value of 254. Because of the
mechanisms employed by the Collision Detect circuit 713,
30 Manchester Encoder 709, and means used to generate the data bus
signal, the peripheral device with the higheat value in its
Priority Field 403 will gain access to the data bus when there is bus
contention. During the bit-by-bit comparison, at a particular bit, a
peripheral device which does not have the highest value in its




where.the codec 213 is a conpanded codec, six 8 bit franes as shown 35

in FIG 6 are sequentially shifted into the 64 bit register (only 48 bits
are data, the other 16 bits are control bits for the time slot) within the
data transfer apparatus fromthe codec 213. In the case of a linear

codec, which takes | arger sanples and doesagot conpress data, three 5

16 bit codec franes are sequentlally shifted into the 64 bit register as

shown in FIG 6._The d described in he pref rred enbod| nent S
not limted to CaMRLY WM d@M aolimie ﬂqi stopy aemBiing 19 aceessr

shor t ened

in place of - ang

TG j

of the codec at “fHE LR “> g PEHOR tmg 8]
r adi ot el ephone Harditetrmise bmtwmmmm them@st smmnﬁcamt

5 bit), the peripheral device with the highest value in its Priority Field
403 will gain access to the data bus. If the priorit
then the Register Select Fields 408, and Smm
processed through the bit-by-bit comparison to determine the data bus
@@ntmmham,asmmtheshmﬁmmppzw~wr»c; Emtheca&eci}nvamgmnput
10  device, the voice input device will normally “win" the data bus
determination in the first 8 bits of the bit-by-bit comparisen (the
Priority Field 403) because the value, 254, of the Priority Field 403 is
normally greater than all cther values that can be stored in the
Priority Field, except for one value (258). The message accordingl
18 takes priority over all messages seeking bus allocation of a lower
priority, less than 254.
As depicted in FIG. 9, a Priority Field 403 different from the
velue 254, assigned to digitized analog voice message
Header 903, is assigned to other types of messages whi
20 routed through the Transmit Register 705. ﬁ&mmeaﬂhertypesuﬁ
messages are digital dats messages routed into the data transfer
apparatus 211 at the I/0 Buffer 915 one byte at a time. T'wo Wes of
d&m are routed through this YO Buffer 915: one type is data which
does not require the high speed real time sampling of digitized
25 analog voice messages, this type is routed with am initial priority
value of 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 less than 2654) may include data bits serially inputted from a keypad
215 of a portable cellular radiotelephone or the keypad 215 of a
handset of & cellular mobile radictelephone, or digital data
originating from a facsimile machine 107, which needs to be time

used
dyction
bile




the cellular radiotl ephone is an inprovenent over previous cellular

r adi ot el ephone desi gns, beause by being able to throughput data at 15 to
rates that it does, it is able to process digitized anal og voice

messages which requre a nuch higher access (sanpling) rate than

that allowed by previous data buses to conngct the user interface

portion 203 of a radiotel ephone to the main processor 205 of the

radi ot el ephone, as a result this bus elimtes the need to sugply 20

separ at e anal og d@WI@de%l f@mmmmmm@m megthe

speech signals tg.t ‘v :- .l  : m%m
M ﬁaﬁ | u'"*v . BEUL R0

eSS et
-

fromthe user intertat
exanple, a conpé@ﬂ%@m
Kbps data rate. ghiagases
acconplish, and fur

or peripherat d
radi ot el ephone) uhe
Furthernore, becgys

VEI & ol 20 nurroer 30
signal lines to v“:f"vf‘ petad portion
of the cellular SRS SndinOhdekes \h Srma he an

Irrportantf tor, i p bel
equi prent . ‘?ﬁ be transmi

K8ypas information (The date routing outline

hmmea@phestoeﬂmﬂ'ui~;wmtmmmw&mdhdmasmmmfe@mwetheimgher
priority of digitized analog voice messages.), the keypad sample is

15 received as a single byte of information at the I/O Buffer 915. The
data is then tested to ensure a valid key press has occurred and built
into a 33 bit word in the Debounce-Register function 917, where the
33rd bit is a switchhook indicator which indicates whether the
cellular radiotelephone handset is in its hang-up cup or not. The

20 Debounce-Register function 8917 compares a sample of the sampled
key preas byte transmitted from the I/O Buffer 915 with a previous
sample, and after comparing seversl sequential samples to verify
that a valid press has occurred, the key press information is
formatted into a 33 bit word and transmi )

25  Shift Register 707 as a 48 bit word into the data field bits through
Tri-state 807, the additional 15 bits in the 48 bit data field being

nfigpured as invalid bits. Appended to the 48 bit data field created in
the Header-Mux function 911 are the Source Address Fields 407 and
Register Select Fields 405 along with the Priority Field.

30 In the case of the data fields, for these digital data messages
with priority lower than 254, created in the Debounce-Register
function 917, the Register Select Field 405 contains the address of the
Handset/uuprocessor register 1001, see FIG. 10,(Register "C") in the
data transfer apparatus 219 connected to the central proceasing




Fl ow control bits other format bits are added to the 48 bits shifted
into the 64 bit register to conprise a bus format as depicted in

FIG 4 for nessages that are sent to the central processing portion of

t he radi ot el ephone, which functions as the bus master, from other 5

devi ces which may access the serial data bug4g. Peripheral devices and the

bus nmaster (the central radi ot el phone processor) interconnected over
t he hi gh speed data bus require _the data transfer apparatus 211, 219
in order to: properdign 207 of theyadiatelpphong frem, ﬁ@@@ﬁh@@®@é@@®ﬁ@ssages and

digitized anal ogpldkessdCo08 BESidves Shwn be
assigned time 7 '
det er mi ne bus
nmessages from t hgfterwards
can be used gnd

data bus or the ‘ “ ; ;‘ @?@4%#@%; ge

ldreas FmeM 4@7 The S@mm Address Field 407 and Register
transmitted to the Header Mux 911, and the 48 hit
transmitted to ths Tri-state 907. The priority velue,
tinlized to ons im a Priority Counter 701 is appended in the Priority
i0 M@mwmke»mpthe 16 bit header of the 64 bit data bus word in
the Header Mux 911, and after the Pricrity Field 4@3 is added to the 16
bit header, the entire 16 bit header is thm transmi '

18 itegmster
Register 707, the data tmnsfer apparatus attempts !
word onto the data bus in the next appropriate time slot, which is a
gemeral use time slot 803 or 805, and not a time 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 message
(254), such as key press information, the data transfer apparatus 211
will attempt to gain access to the high speed data bus every time slot.
The mechanism for gaining access is similar to that used in the
start-up procedure, the Manchester Encoder 702 output is compared
25 to the data bus state signal (processing from the most significant bit
to the least significant bit of the header 411) for the 16 bit header word
termine if there is data bus contention, and if the Colligion Detect
circuit 713 detects a collision, the data transfer apparatus 211 will
stop trying to access the data bus. As in other bus contention
BCENATIOS dﬁscnssed ab@ve, 8 Mﬁpbyeﬁt COMmpal ison is done by each
peripheral device's data transfer apparatus attempting to gain
access to the data bus.
When a data transfer apparatus loses the bus contention to
another data transfer apparatus, the Collision circuit 713 cutput is

30




211, 219 can be used to receive or transnit nmessages over the data bus
and it can process digital data nessages or digitized anal og voice

nessages. For exanple, in the case of anal og voi ce nmessages
input to a 20 peri pheral device such as a handset, the data transfer
apparatus 211 in a peripheral deviceggllows the radiotel ephone data
bus to accept an anal og voi ce message froma peripheral device 203
such as a handset as depicted in FIG 2 after the anal og voice
nmessage has beervouted to thedinternsl Buys Q83owithin as a
coder - encoder 2 J BlenPSice %Q‘ he \Gail %EﬁEE%H@dem'h SE0
with the present inven ron, 1nsta ortrays a ditTerent
d@y@EEMﬁ5z§hmwnﬂqaa dateroghBwsnat i on

devi ce, such as @pparaius
irfels @MW%%@ Prierit Count@n 36 £ in

t hrough t he dat agrbitrator @33 _

apparat us 21 2 Y. hen, sen - '.N. (0] rres a e to the
central proc ssi Fger g mexy T3] ﬁﬂf‘gﬁﬁgﬁg& ®- ot her
peri peral devi ceThe m@ﬂaﬂmmmrﬂﬂm @mmmmmmm beginning

The data transf

t hat comuni cat .:,

mast er side or

10

rocedure eanm.nms mmm @n]ly one data transfer appamﬁms is Eeﬁ
ammpmng to gain access to the high speed data bus, this remaining
15 date transfer apparatus will guin access to the data bus. After a
particular data transfer apparatus gains access to the high speed
data bus, the Internal Bus Arhitrator 923 will reset the Priority
Counter 701 of the data transfer appara
lowest value, one. A data transfer appara )
20 access will try to gain access to the data bus when the next time slot
becomes avsilable. Again, if more than one date transfe:
is attempmgw gain access to the data bus, the bus mmtmtmmmﬂhe
determined as before, there is & bit-by-bit comparison of the
Manchester Encoder 709 outputs with the data bus state signal (after
25 being passed through a comparator to ensure a proper digital signal
is available) through the Collision Detect circuit 713 to determine the
bus contention. As before, in this case where the priority value is less
than 254, when the ocutput of the Manchester Encoder 709 does not
match the data bus state signal, a collision will be detected, and the
30 particular data transfer apparatus which detects a bus collision 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
assigned a priority value higher than the value of 254 assigned to

5




in greater detail in FIG 7,9, and 10. The data transfer apparatus as
depicted in FIG 7,9, and 10 is the sane device whether it is on the

bus master side 219 or on the periperal device side 211 of the data

bus. FIG 7,9, and 10 depict different operating conditions under 5

whi ch the present invention is used, and t8g-vari abl e operations

performed by devices within the data transfer apparatus 211, 219 apparatus,
e.g. whether it is on _the bus nmaster S|de,?,, deV|ce si de
of the data busdigitized iogm@asages, Jhaislyps MOAGAER
nmessages or di g  dpsbed B %sﬂé@iﬁmmthé daﬁu

start-up of dat @@%M vw‘

The dat a transf efappr

word format whi than snyseihet “~ 4
and digitized agal ogd oI (
bl ock di agr &m déptcting 9 ed Dy 1
appar at us cont am&i&mmmw&@ o thePrieri

contention wt h
Peri pheral Devi %e o ‘

C@umer 701, after the Data mm 408, R 405 and
Source Admgs Field 4@7 are assembled in the

10

Header Mux 911 where the Prwnty Counter 701

loads the value 265 into the Priority Field 403 bits. Once the Priority

158  Field 408, Register Select Field 405, and SoumAddress Field 407 are
caded into the Header Mux 811, the 16 bits are transmi

state buffer 207. Once both the 48 bit data field and the 16 bit header

field ave in the Tri-state buffer, the 64 bit field is shifted in parallel to

the Tx/Rx Shift Register 707. Therefore, when the next time slot
opportunity occurs, the data transfer appmtus will attempt

20

Priority Field 403, a data transfer apparatus wmth the vaﬁne 255 stored
in its Priority Field 403 will gain access to the data bus at the next
available time slot unless there is ancther data transf

25 with an equal value in its Priority Field 403, in which case the bus
contention will be determined by succeeding bits in the 16 bit header
word as described above: the succeeding bits of the Manchester
encoded 18 bit header word will be bit-by-bit compared (from most
smmﬁwnt bit to least significant bit) with the data bus state signal to

30 determine the bus contention. As previously discussed, each bit of the
lﬁbztheaderwmdthe data transfer apparatus has in the Tx/Rx Shift
Register 707 will be shifted into the Manchester Encoder 709 and the
data transfer apparatus will determine if at any instance a bus
collision has occurred. If a collision has been detected for any of the




At the beginning of operation of the high speed data bus (start- 20 up) ,
the data transfer apparatus of each peripheral device assigns

connected over the high speed data bus. Because nore than one devi ce
may be connected to the high speed data bus at start-up, it is

necesary to resolve contention anong, and_letween, the peripheral 25
devices to be connected to the high speed data bus at start-up. In

order to do this, the entire 64 bi t morgn?enerated by the data transfer

apparatus is us@a&rh@ snneesageswithne @ridrity value of 256 will not gatmh
peripheral devi Gouadh Sde

initialized to ng Me tteh%r%o%ac gggw ortjtowﬁmo 30
the Transmit Rem@@ﬂw @MG@ ty Jield;
set to a value (4@3254 t he Regl ster Sel ect Field 405 sel ects the processor
regi ster (r I ster g@t he.b h is . the .sane :
Handset/upr essor R s FEEsIe S PPar ‘ e

t he Source Addr dsansinét datkOgverst gu:e.-.i'.‘siﬂuow;:vd thbmdﬁaﬂmt%eef or

priority levels which the data transfer apparatus may load into its
Pmm@ﬁeﬂd@&h@ym@mmwmthedamw they are: a
priozi messages which allows the data
@nthemxtavaﬂablehm

0

or not; a priority Eeveﬁ of 254 for digitized analog voice messages
which aﬂ@ws these resl-time messages to be sampled and
transmi processing portion 207 of the
ephone 113 ina message time slot allocated to it in every
6@1 by the bus master (The central processing portion 207 of the
radiotelephone contains the bus master 205 f@r the radiotelephone;
memory devices such as RAM 228, ROM 227, AND EEPROM 225; and
the speech coder 223 processor for digitized analog voice messages);
20 and finally a priority level less than 254 which allows messages with
slower sampling requirements than real time voice message
input at the /O Buffer 915 and transm
slot of the data bus frame 601. The process of setting a priority count
of "255" or "263" is shown in FIG. 16B.
25 The data transfer apparatus 211 is also able to receive data
transmitted to it over the data bus. The same data transfer
nparatus can be used to receive messages as either a data transfer
apzmmg 219 on the bus master side of the data bus or peripheral
device 211 side of the data bus. (On the peripheral side, the data
transfer apparatus 211 can be used to send digitel data messages to
devices such as a display 233 for the radiotelephone 113.) 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
decoded ixi the Manchester Decoder 1008, and then serially shifted

186
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- 20- apparati 211 because no addresses are determ ned until the
start-up procedure has been executed to determ ne the proper
priority that shoul d be given to peripheral devices that are
connected to the data bus, and the Data Field 409 is used to
determ ne bus content when 5 nmore thapggoe peripheral device is
connected to the data bus. Once such a bus contention in
determ ned, the peripheral device which gains accesgs to t he bus assjgns
itsel f an addr edstethaTxRx Register e gl

access. réngoited
field is 10 onrs made,
at 1401, PELE 2 S iancneaster ent ssor port.
| f ‘yes, ighanglasd @W&GM h@s@@eaeeﬁvhyg@bm tramsfiar ocessor i s
used 5(at 14%@5 the register field value. 1In the preferred

enbodi nent ,

Hes 7 8, 9, B C and E are used If data |s not
fromthe 15 Harces
whet her data

Port. If yes, 0 Dbe_t he
Audi 0 register peri
audi o data in ngg $409) to

addlmssabﬁe registers mthm the data transfer apparatus 219 the data
ﬂsmmded. This is done by reading the Register Select Field 405 of
neoming message using the Register Select Decoder 1011. There
are three main registers which my be addressed by ancther data
transf Handset /uP Register 1001 (register
“C"), the Rx Audio Register 1007 (re@r.etar "F"), or the Control
Register 1009 (register "E") of the data transfer amamms.. When
data is written into register "C" 1001 to the data transfes
219 used by the bus master 205, the bus master 205 sends o
20 downlink message 301 with the Ack Field 308 bit set high so that all
peripheral devices are prevented from attempting to write to register
“C" by the bus master 205. Conversely, register "F" 1007 within any
data transfer apparatus may be addressed by another data transfer
apparatus during any timeslot without regard to flow control.
25 Register "F" 1007 is used to route digitized analog voice messages
sent by a voice input device to the speech coder 228 through
master's data transfer apparatus 219. Again, digitized analog voice
messages are allowed to be written to Register "F", the Receive
Register 1007, without regard to the setting of the Ack Field 3083 bit to
30 - a high value. |
In the case where the receiving data transfer apparatus 211 is
located in a peripheral device, the mechanism for receiving
messages from the bus master central processing portion 207 of the
radiotelephone is very similar to the case for receiving message when

18




The peripheral selects a register by enploying the process of FI G
14B. A determination is nade (at 1413 and 1415) whether data is

present fromthe handset |/O port or the peripheral m croprocessor

port, respectively, and if ii is, the nmaster destination is selected (at 25
1417 and 1419, respectively) to be the Rx_gggister "C'). If data is
not found to be present, a determ nation (at 1421) of whether '
digitized audio data is present. If yes, the naster destlnatlon i's

sel ected (at 14¥8¢ data teanifer AMWMQH receivasginessege:
e 1 g o e
gets informati oflevice shifts n, I
217, in order tmm%@m&m ehb dakh trenslBs
spparatus tpansiga e e e 56 et s
receive the data, the Control Register 1008, the Handset/)
1001, or the Receive Audio Register 1007. Then pe
sters gselected (by reading the Reggter Seiect Field
309), th@ TZIRX Shlﬁ Register iil parallel load the destination
10 register with different size ﬁew.s ]Ifthe Control Register 1009 has
been selected, a 32 bit Seld from the data bits in the Tx/Rx Shift
Begister 707 is shifted to the Control Register 1009. If the Receive
Register 1007 has been selected, then & 48 bit field is loaded into the
Receive Audmo Re@ster l[fthe H@ndsetlp:? Regxstef 1@@1 is selected
loaded into the Hamdse@m) Register MM.

lines to carry
analog information from the user interface portion of a
20 radiotelephone to the main processing portion of a radiotelephone.
Moreover, the system of the preferred embodiment, is able to
accommodate five voice message input devices and enables the
radictelephone to process the information without a significant
degradation of the voice message. The system is able to accommods
25  digitized voice messages and digital data messages by use of a time
multiplex scheme which gives & higher priority and dedicated time
slots to digitized analog voice messages. The preferred embodiment of
the present invention flow controls digital data messages which are
processed by the central radio processor, but it allows digitized voice
30 messages to pass without flow controlling such messages. A
bardware apparatus is implemented to determine bus contention by
devices attempting to access the data bus simultaneously. The
hardware apparatus is also used at the start of the operation of the
data bus to determine bus contention which results in the allocation

bus which eliminates the need for separate signsl




information is formatted into the 48 bit wi de Data Field 409. The EEPROM

217 contains specific information about the peripheral devi ce 203
that all ows bus master m croconputer 205 to determ ne t he peri pheral
device priority with respect to other peripheral devices 5 attenpting
to acess the high speed data bus. At start.gg. the Priority Counter
701 in all data transfer apparati 211 attenpting to access the bus
is set to one. The specflc |nforrrat| on cont alned in the
EEPROM 217 wi t hi @faddmsseﬂw atiepéemipberdl desveascConTR ineeels that

e Of

the data bus) th ‘ 7 cel ‘ ted Dy Lhe ‘s».c;ra i

sane specific @wmwrﬂm areferred embodirpen 1590 ) WJ‘H‘@( al

devi ces when —y b 3 3 fﬁ@\dﬁ ﬁ&dcﬂﬂ!i ﬂ | : | I erred
a g 3 Har

device with Phe ﬁ%n tﬁ%@ﬂs &J e

gain access to tmwfmndlmcmbmt
arbitration, the EEPROM data i s transferred i nto the Transm t

Regi ster 705 of the data transfer apparati 211. The first three
fields (16 bits)We cimimai al i zed as - previously described. Then the
entire 64 bit word in transferred to the 20 TX/ RX Shift Resister 707.
After proper encoding (through the Manchest er Encoder 709) of the
bits sent to the Tx/Rx Shift Register 707, the data transfer

apparatus 211 does a bit-by-bit conparison of



the 16 bit header and the 48 bit data field through an Exclusive-O

gate in the II’UIt 713 with a signal (data bus state 25
si gnal) derlcgw m‘!iﬁdm ester Encoder 709 out put (through

buffer circuits a*transfer apparatus 211 wired to the _
Manchest er Encoder outputs of other data tcaggsfer apparati attenpting
bus access. If the data bus state signal and the Manchest er Encoder
709 output are not the sane for any bit, then the 30 out put. of _the
Excl usi ve- O f unef addres date bus te
logic "1" which ¢ B ] “
data transfer aparat us
to the bus. The E&EPEES

‘( , aEsted by i te iy
he not a| access
dithe Braferan o  to dete bus i 1)
stop its attenptcdrtentions intludidgthedstadfield. Alnb) the system of the preferred

trzzzittsf er gnc; o g opprgimt C%%E@#&“M&%%Pﬁ%@@ﬁu ng

to gain f@tmd in current cellular radictelephones.

We claim:



access to the data bus by continuing to shift Manchester encoded data

bits and data bus state signal bits to the Collision Detect 713 circuit 5
unti | i ealat i sfer apparatus has a zero output fromthe

Col |'i sijorkiikE i 11m|s remaining data transfer apparatus wll

obtain atcess tto%the data bus and will assi gn itself the address equal

to the value inits Priority Counter 701, -4hich is one. The other data
transfer apparati which failed to gain access will increnment their 10
Priority Counters 701 by one, and the same procedure outlined above

in this paragf@8¥B8ni || be followed until a second data transfer

appar atus gai ns access to the data bus and assigns itself an address.

This start-up proged r epeat ed un each,.dat a .t ransfer

apparatus gains a Ce’%ﬁﬁ%%ﬂ%@pﬁw %%a@l? ¢phane peripheral £uch

701 i ncr enentismg & tiee mblfiplexed datecnis foe copimsunication avith anaheter

appar at uss whighe E@H@@ﬁg‘gal n access to the data bus. The
process follomed each” peripheral device is shomm in the fl owchart
of FIG 15. After TRAREIor gengrating 8 nontentivhdleparmiiping field, farthenenory is
read and t hecgsl Mgm A

Fol I owi ng a wvali P for t & stﬁgfgéof a ﬁarh‘egkééentt&%%eo pl]i’éﬂb’uni que seri al
nunber is seftSEORSE LR afpNssEan O%mebg%“ls‘?@% adiefielanhonsy ( at 1505) .

At each bit, penphemllmp@w@tﬁh bus i s checked, at 1507>. If a collision

IrZsSﬁ egwd o? ;e usy cgﬁ%ioﬁé%%ggt%@ Edﬁ%%%ﬂé \?v; talEor15'?gé ?t art

of the next means for assembling said contention determining field and said
accepted data bits for transmission in one time slot on the time
multiplexed data bus.




time slot+~—a—+result of a not buy condition results (at 1511) in the
|ncrenent|ngvof t he address count by one, a cessation of the current
serial nutfiil rwlwl"ﬂmL and a return to wait for the start of the
next tinme!$eQ ion is not detected in the checking step 1507,

m vm:‘ W‘!‘l “;‘

30 the state of the acK field is tested (at 1513) and the current and
count is |loaded (at 1515) for the peripher®4 If a busy condition is
noted fromthe ack field, the process returns to wait or the start of
the next time slot,

FIG 11 depicts tHe Aidatgfrapsier ?ﬁpﬁbﬁ%ﬂﬁ@?%@@@ﬁ%vv&%%ma]nWhGWm two 8
bit sequencessgid hfdandfor %ﬁ@f&&l@ﬁh deiacteprésentbiive bbploritnfurther sequene
of pulses 1103 is.of the chest.er code for %gfthe &Qfa &‘%sfer 6 bet ween
the pul se tr &PFRPTRASTGCARS xl-egggz[lmg P §f i3 POYET © I'n
preferred enupparatus, fr iditalysetimg saidodatacepeesentative of priority to a
5 first predetermined value and for changing said data representative of
priority by a second predetermined value when a busy condition is
encountered on the time multiplexed data bus.

3. A data transfer apparatus in accordance with claim 1 wherein
10 said means for generating a contention determining field further
commprises:
means for determining whether the data to be transferred is a
digitized analog message or a data message;
means for assigning a first predetermined value to a register
15 select 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 transferred is a digitized analog message.



hester Encoder 709 in used to encode data sent out

H Eata bus. The Manchester Encoder 709 out put of

FATE aratus is identical to the clock used to derive the
10 Manchester code if the data bit sanpled is a zero, and it is inverted
fromthe clock if the data bit in the sanpled interval is non-zero. The
Manchest er Encoder 709 output of the two T%uts to the Col I'i si on
Det ect 713, an Exclusive-Or function gate. The ot her input to the
Col l'i si on Det ect 713 i L f LOm ster oder 709
out puts of peri phel’a @%@Séé%wf@%@aé% &W%?E?ﬁ?%’et ]p@@ml[”

r adi ot el ephofie alrpdidtelephdae amit vinst Gme multipleppd data busjrconygirisiag dhéus
driver 715 ag m%@narator 711. The resulting uplink data bus |ine

fornms a wire D configuration of . 20 devices. _The Exclusive-O
function is then perfof#k@enexatingdatagepresentativg of Briogiy in respamskhnchest er

encoded osit atph teoh8Rid'en #8é BubYshen the ra&io%é]%pﬁbﬁé‘ @Enﬁhbraltﬂg en the

convent| onal Manc
BN MRV EL] ERE

Col l'ision Detect 713 circuit output is zero, the next Manchester
encoded dat aPBPE™¥4 B/ t he Tx/ Rx Shift Regi ster 707 is shifted into

the Manchester Encoder (B0 %9ceeptirige plidality of dpte Bitsydnd t he data bus state

signal . The original u sto d in the 217
is such that durl n thgé) ?gs%h%ﬁ}?gsmd da&?%%ﬁﬁ%?@% %F @f%ﬁ"dg ce with
the | argest wneatepseddatabitsfor tmsmzssmr&aﬁmssambl@ﬁemnamg timeudletequent | y

shifted jfr OHﬂ%etdﬁ Hﬂ@bﬂexedda@liufst Regl ster 707, and then out to the
data bus, will have a I'sion




30 Detecf——T‘TB”e@mo for all 64 bits, and therefore it will gain

access ll‘”us first. FIG 12 depicts in a timng
di agram t ;:'__' ﬂﬂﬁ Col lision Detect 713 circuits of two data
transfer whi ch dre "contendi ng" for the data bus with the
val ues 254 and 255 bei ng _44. - 24-
output fromtheir respective I\/anchester Encoders 709. After gai ni ng
access to the data bus, this "wi nning" data transfer apparatus will
send the informatign 'nﬁeﬂbﬂnﬁ%@bﬁd&‘f@é%ﬂ?t&@m&lﬁd0fciamm@ﬁ&@fenﬁ05 t hrough
the bus master's data transfer par at us the Col lision Detect
713 circuit C@ipsten @ahwmmﬁ@s n a col i sion detected,

and the data trans@qp nﬁﬁiﬁlﬁé@tﬁm@%&ﬂ@ﬁm@&fﬂmﬁm of priotitlydor fiesti on and
therefore the d tatrai%a ratus can not gain access to the bus.
The date tra PQY "l oses" a bus contention

det er mi nasi on duri (a@) tdhenging saidplata eprhsentative of priority by a second
predetermined value when a busy condition is encountered on the time

multiplexed data bus.

6. A method in accordance with the methed of claim 4 wherein
10 said step (a) further comprises the steps of:
determining whether the data to be transferred is a digitized
analog message or a data message;
assigning a first predetermined value to 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 or analog message.

7. A method in accordance with claim 4 further comprising the
step of (d) digitizing voice information to produce said plurality of data
20  bits.



10 manneLFthg increpents—its Priority Counter 701 and does not
attenpt t0 gain access f he data bus until the next time slot. In this
manner, eap@EgEn ‘ ﬂ apparatus 211 which fails to gain access

to the dat &igh “ b start-up procedure increnments its Priority
Counter 701-= Tﬁe ¥ir'st ‘data transfer appar%eus whi ch gain access to 15
the data bus will be given the address corr€sponding to the val ue one
when it finally gains access to the bus. This address will be used in
its Address Fiel dg40 ish

attenpts to transf%dftggai'/aaor t%@fagura fo‘gﬁisoe éﬁgé%!rié&%} gB%tlgl\l/ltér t he
hi gh speed dasinga§imemultiplenedyds @méﬁnﬁ@amﬁ@n in 20
t he Desti nati @gﬂ 311 of dovvnl i nk rressages which it receives.
When t he data trans aratus 211 a| ns access to the data bus, it
transmits zero fomqwﬁgﬁmmg@mea 55 i G5 B U3t R %07 1o t he
central radi etetiehded

"C' inther e; 5§ bus master data transfer apparatus. 25
This is the %ﬁ'ﬁ@%ﬂ@ ?@%Ea%%?’he 48 bit Data Field 409, which originated
in the peripheral mgarsfor EFRRCHNE tata Tepresentative @ﬁm@oﬂewﬂ@msﬂm t he

radi ot el ephopgs 1.3 | ﬁgfc s ime sl ot

to the data g\rwlgpl?)a aotx}s @m’%ﬁh#%e ceﬁ%@ﬁ%@%ﬁhﬁone
processor (b&adigiale 93192@@ ming il vvlthl n each 30
frame 60{gfor per ipRdigisdb ﬁhéa{&@whdaswgéfs@
t he speech coder 22323_ %ch recel ve anal 0g Voi ce nessages as |nput
such as a hafRRS5PEY 65 2 AtaA#IABC ARG i ot el ephone 113, or the portion

means, responsive to a determination that sald message is a data
message, for routing at least a portion of said message based on said
contention determining field.

15



of ~a port abl eygisa whi ch contains the m crophone i nput

209." The ﬂ@gﬂlﬁﬂﬁgm s are digitized by a codec 213.

- 25- ' ' - tsans er apparati which fail to gain access during
any particul ar bus contention in the start-up procedure wll retry
again with the Priority Counter 701 ggicrenmented by one. Again, the
dat a transfer apparati attenpting to gain access to the data bus wll
break 5 the bus contention by doing a bit-by-bit conparison between
their 9. Amnéa bﬁ&a&@faﬁ@tﬁwaﬁpﬂﬁoﬁﬁ@h@%wﬁ@&aﬁﬂat he data

bus state . Calljision Detect .71 cit
peri pheral dg@@m@i@ﬁgﬁﬁonep uﬂ%@t‘:ﬂﬂ ‘éeg s SOTPTIsing {?Hséﬁﬂ s to gain
acess to the dat a(é?tmcewmgaméésagemoﬂeﬁmsb@oga m::,‘m,cx bus when

the out put OH&&&&S :.,—:z’i.;i'm%,

state signal roug g%ﬁﬁ@g@ﬁg%\%} @ tﬁd}%@%&eﬁmﬁmu@ﬁ%ﬁ@&%@%ﬂ?ogus
Det ect ci® cuplurplity ofdata bits;c 12 depicts the output of the Collision
Detect circuit 71gMhfPacking data representative of priority determined in
response to a busy condition on the bus upon power up of the
radiotelephone unit from said contention determining field;
{c) determining whether said message is a digitized analog
10 message or a data message; and
{d) routing, in response to a determination that said message is a
data message, at least a portion of said message based on said

contention determining field.

15



collision is detected in the eighth bit transmtted resulting in a "1"
value fromthe Collision Detect circuit 713. Accordingly, the second 15
data transfer apparatus which gains access to the data bus wll

assign itself a value of two for its address on the bus. Again the 48 bit
data field is transmtted to the bus mastegy 205 (central radiotel ephone)
processor), and if the peripheral device containing the data transfer

apparatus is an anal og voi ce message input peripheral device such 20 as
r adi ot el ephone handset 109, then a dedlcated tlne slot will be

all ocated in each fr OnrtiRGaTel Al h & % RlATST TR

transmt to the busmnaster [
a maxi mum of fi e i) iy PS4 SN CE
nmessage i nput peripheral devices such as handsets 109 for 25 nobi | e

radi ot el eph gnes 113. The sixth time slot is a general use tine sl ot
which is used to send non-voice dlgltal data (digital data) nessages
and control Sheieact of the Hidcosuim This start-up procedure
detai | ed above continues until all of the devices attenpting to gain
access to the data bus have oalned access 30 to the data ; have

assi gned thensel ves Hatn &xns pparatus (311:213) for a radiotplepnppe peri pher al
devi ce i nf or mat jephe ¢ titiab iiltsidleked ata bus for co sigafibho! | 1y
(by which the ceptre 1di O, essor edi cat

sl ot s) for% he WHES D% HASHET, @ﬁﬁ@ﬁmWMge%ﬂuéwﬁg ﬁh@@ t he bus

master 205. Theddviessexterhal radiiotelephone (20D dmd bthier user

information mpummg devices, sueh as a handset (203) for & cellular
mmdhﬁer@dmmek@%mmw,t@theradmnékmhmn@scmm@mﬂgm@umﬁ@ramd
speech processor (207). The data transfer apparatus generates time

i85 slots in frame formats in which the information is sent gver the data
bus. The entire message, information bits and the header, sent in a
hﬂmaﬂb@ﬁﬂﬁmtap@mphmmﬂdbwmgt@thehmsmmmmmmmsmm@dto
determine bus contention. Bus contention resolution during the
mmr#upofdatzbusc@&nﬁ@mm&ﬂgthepmmmmvaﬂhrammxmto@ﬂmn

20 data transfer apparati with which & peripheral device's data transfe:
apparatus is able to access the bus during normal operation.

FIG. 2 accompanies this abstract.

o
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during the start-up procedure so in the case where data bits are no

| onger available in the Tx/Rx Shift Register 707 for the next attenpt to
gain access to the data bus, by a data transfer apparatus 211 which

has previously failed to gan access, the data bits can be shifted into 5
the Tx/Rx Shift Register 707 fromthe Transmt Register 705.

During normal operation, and during the execution of the start up
procedure, the bus master 205 will flow cgntrol digital data
messages. The bus master 205 will not fl ontrol digitized anal og
voi ce nessages. The digitized voice nessages are routed to the 10 speech
coder 223 for processing. The speech coder 223 is used to ~ cgntrol
audi o functions through the Audio Control function 231. Th di gi tall
data messages are routed to the bus master 205 for procesHihy.
Therefore since the digitized vojeH3ressages are not actual | =
processed by the bus master, ik ~rast-er—205—whi-ch—has the
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15 speech coder 223 under its control, allows nessages destined for the
speech coder to be sent without "holding off" (stoppi-n@“’“ ‘)"}:" Replaced
transm ssion to the speech coder 223 for sone variable '([ji i

the digitized voice nessages. Digital data nessages whi gfj ‘;fﬁ be
processed by the bus master 205 can be "held off" until the 20 bus master
205 is not busy processing nessages. The bus master 205 hol ds of f

t hese nessages by sending the Ack Field wi th val ue of "1." Wen
the bus master 205 is not busy processi ssages, it wi.ll send out
the Ack Field 305 with a value of zero, _and peripheral_ _ _ _ ¢ devices _

wi shing td Send messages which are to be .proceéssed by the 25 bus naster,

my then aten attenpt t4 & fmaster. [A deﬁ on_ | of thi%
flow control to and ffom gdt lces,is e 18 = |
fl owchartsg of El ? 121 ‘and=-i8Br——m—— | | Arter=geiire I
assi gned uo avrﬁ a{a transfer apparat i at fFefpt+ng- i@
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-27- It is a feature of the present enbodinment that the data

transfer apparatus 211 within each peripheral @%gg&ﬁﬂ%@@@ﬂh!ﬁfug
either digital data signals or digitized anal og Hilfl: Hii zed
anal og voi ce nessages bei ng of particul ar inport gl (i iar
r adi ot el ephone applications. 5 In the preferred enb et
I nformation sent in the Priority Field 403 of a perlpheral deV|ce 203
i nputting digitized anal og voice i$#sages to the radiotel ephone 113
over the data bus wll be such that the data transfer apparatus 211
of the peripheral device 203 normal |y be able to access the data
bus for at |east one tlne sl 603 1@ Lgﬁ%qlng every franme 601 of the data
bus operati g —Tf o '.Hse g I zed anfl 0Q _valce nessa es_arg
not H(wvcortﬁRANBCEIVER s mEster—205" it éEEBH ERMe BBYIGEstEr
205, becauséwusi=the=-=nfer=pati on (ori gi nal | ysteoret—t+rthe-EERPRSM-L17)
transmtted to it froma particul @i peri phera deV|ce 203 (which
i nputs digitized analog voice 15 nessafyes) during. - rocedur e,
will allodate at least one time slot 603 to each of such peripher
devices 8(1 depicted injFIG 8,
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during each frane 601, up to a maxi mum of five dedicated tine slots
in the present invention. Tinme slots which are not dedicated to
peri pheral devices which input anal og nessages are shared in a tinme 20

mul ti pl exed manner by data bus Control Messages 803 transmtted from
the bus master 205 to peripheral devices for controlling I nformation
flow on the data bus and nessages transm gfgd to and from peri pheral
devi ces 805 which do not have dedicated tine slots. The dat a

bus controls bus access for nmessages mhlc@gare not 25 digitized voice

nessages by transnitting do header £ ==¥;LLQLQLLLQQ_LHN§aCh
mation and by sétting or

tinmeslot with tinme sl ot synchfon
clearing the Ack Bit Field 305, sz WCROSEW§Q peri pheral devi ces

per m ssi on pbl'd of r)} such Mess

Each data t s 2192 has aTS@ paS4 cy
mentioned apove, was deternj ned durjing t he st
according to pafticulaf infornaiion coptaine
resol ved t he stéwt up &us conte ioL. Q ck
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- 28- I f the peripheral device is a peripheral device which

recei ves anal og voi ce nessages at it input, such as a handset 109
for a nobile cel lul ar radi ot el ephone or the user interface portion
of a portable radi ot el ephone, the data transfer apparatus 211 w ||
allocate itself a 5 priority with respect to other peripheral devices
that will ensure the peri pher al dqygfe normal |y has access to a tine
sl ot during every data bus frane . so that it can send information
to the speech coder 223. For peripheral devices 203 which are used
to input anal og voice NWA&Q@PERWH@N done by witing a Priority
Field 403 with a val ue of tmo-‘undred fifty-four into the eight bits

allocated to the Priority Fl eId 403 contained in the 64 bit word
const ruct ed by the data transfer appar at us iﬁ@;ﬁ Tx AUQDIge
hii

process of trol, data negsage —o&sS  mast
m cr opr oces Er\&MﬁE Kvihen the s Ti OAUE)EQ 1'3 acknow edgenent fﬁ‘ﬁ“@

cubj oct to oagt /ATORESE Ay READER | CBRTRCFIELD SRV cagonent

field. SincEIMEe Sﬂgﬁ)‘@'e (&@}&g%r' not(m) del ayed, the real t

processing of the voice nessage i Eenhe gcause tne voice
nessage i s di r@ f ﬁag ech coder wi t hout 20 del ay. As s HdviAROM
the flowchart Y34 ta tr fer BopBAtAs 211 fdATéhe
peripheral device waits for the itar/f‘= “t he | {83:0)
PRIOCRITY ?
COUNTER 707 i
PRIORITY ADDRESS (3:0) | X/Rx SHIFT REGISTER (64)
|
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downlink tineslot, at 1303. A determ nation of whether a voice

nessage or a data nessage is to be sent is made at 1305. If the

nessage is a voice nmessage, digitized voice nessage infornmation is 25
sent on the DSC bus to the Audio Register, at 1307, and the process
returns to wait for another downlink tineslot. However, if the
determnation is that a data nessage is to be sent, a determ nation of
the state of the acknow edgenent (ack) f|?{ﬂi|s nade at 1309. If the

ack field indi.cates a not busy condition (a data is sent to the bus

30 master m croprocessor 205, at 80! If the ack field indicates a busy
state, the process ptsTor—anottrer—downl i nk tinesl ot and del ays the
transm ssi on of the daDATRsIRANSFERI it he ack field indicates a not

busy state. APPARATUSI N §he opposite direction, the

peripheral receives Hessg@gCE TSGO
- 48 INFO BITS
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directed to it fromthe data bus

As shown in the process of FIG 13B,

the incom ng nessage i s decoded (at 1315) and a determ nation is
made(at 1317) whether a data or-a voice nessage has been received. 5 | f

the received nessage is a data message,

the data is routed (at 1319)

master as shown in the flowharts of FIG 13C and FIG 13D. The

master receives a nessage froma peripheral and decodes the

~at 1323. Again, a deternination is made (#&#61325) whet her

nmessage or a voi ce message was received.

voi ce nessage,

Regi ster.

the ack fi
not - busy st
1331. O her

m cr opr oces
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control

at g ck= 0)

Bulir s
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Audi o Regi ster.
to the specific peripheral.

t he t hroughput path of

If the nessage is a data nessage,

apparatus during post-start
anal og voi ce nessages such as

I nput to a radiotel ephone 30

handset

It is sent (at 1341) 25
Referring to FIG 9 which depicts

nessages sent through the data transfer

up procedure operation, all digitized
those originating at a m crophone 209
wi ch are subsequently digitized

by a codec 213, as in the preferre g?gg,_fﬁé come into the data
transfer apparatus 211 at t he Trans, o'l r 901 where the data
bits are serially shifted into t he BIXDDCOBDAyi ster Bits 705, and
the Audi o Header 903 is added to nak"‘ ? 4 bit word used over
the data bus. The Priority Fleld ; y ¥

- 30- cmmn(&ﬁ val ue "254" which i@a%fﬁ Bs shown in FIG 16A
Al | di gi »i«u%ww READAWRITESSages §s®8l in this manner
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through the Transmt Register 705. The data bits 905 which contain
the digitized anal og voi ce nessage bits are then parallel 1oaded through a

tri-state buffer 907. Then the internal routing of the data transfer
apparatus 211 gates the tri-state 907 to the final output regi ster,
Tx/ Rx Shift Register 707. Fromthere, the 48 databits (plus the Audio
Header 903 bits) are serially.transmttedgig the Manchester Encoder

709 then out on the data bus a described in the start- up 10 procedure

the case of peripheral devi gesyused-{o japht | 0og ges
to the radiotel ephone (suchja hanfisegs 409}, }[he |ori|tz vaEI ug

“the Priority Field 4 s .shichf t Bl l_nbr y {__lgai he busLo er
any ot her peripheral ‘déevice at 1Larrpt| g to accessﬂthe ‘ bus. Wr eover
since it is a voice input de—a#g;e, mL bps 20 II
synchroni zed the perippggal jdeyicg 201 {o ﬁpdfdl ated Iot sdé
that no bus contention wi.thiangther Yoice skage_Lhp

peripheral dev(@ELEBFONI arise, and {f bus;contepntion does ari se with
anot her non-voi PETiEGFage peri Pher al , devi CE, they hi gh prr ori ty val pre—
of 254 will nERReIBEVEQEULE thet the voi cey i nput, devr cge "W qs ahb
contenton detergimapsagn (ghins.acce ,.,,Wo” le_data bus to send. |
nessage). The 16 bit Audio Heagler 90 whi cl p ! E
Field 403 w t lCRLNESTENT 254 for a 'yor ce gevr ce suchn as a handsqt 109 ,
for a cellular QEFEGETradiot el ephoneE 113, }s rou} ed in paral I el tq a

Header Mux 91gQRheYEYPCEReltLiqgst buf.fer ~where the 16 bit.25

header is storegmipgst he 48 bit data fleld untl the i nternal routi ng

FIG.I2
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bus of the data transfer apparatus 211 gates the 64 bit word into the

Tx/ Rx Shift Register 707.

254,
val ue "F"

Recei ve Audi o Register 1007 in the data transfer apparatus,
FIG 10, which receives the nessage.

shown

This register 1007 may be

In addition to a Priority Field 403 val ue of.
t he Header Mux 911 | oads the Register Select Field 405 with the
so that digitized anal og voice nmessages are routed to the 30

in

contained in a data transfer apparatus ud@@to transfer information
portion 207 of the bus nmaster ZOp or in the

into the centra

transfer apparatus 211 of a peripheral
digitized voice nmessages fromthe central pfocess
"The last field | oaded by thengdi

radi ot el ephone.

devi ce—wh

STAB PY

STCak receive
tion 207 of a
in the Source

dat a

Address Field 407 which was determned during thelgtart-up
and is stored in the Control Register 901 fromwhere it is
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5 | oaded into the Header Mux 911. Fromthe Tx/Rx Shift Register 707,
the 64 bits are serially sent to the Manchester Encoder 709 then out on
the data and to the Collision Detect 713 circuit. In the case of a

voi ce input .device, such as a handset 109 for a cellular nobile

radi ot el ephone, the bits originating in the Audi o Header 901 are 10
routed through the Header Mux 911 and the tri-state buffer 907

wiithout nodification, then to the Tx/Rx £ft Register 707 and then to

t he Manchester Encoder 709. From the Manchiester Encoder 709, the
Priority Field 403 bits are then shifted serially to the data bus and the
Col lision Detect circuit 713 as in thg start-up procedure. The 16 bit 15
header word output of the Manchegteistfgedar 709 is bit-by-bit

conpared as in the start-up prod e rheyManchest er Encoder 709

output is one input to the CollisigdNDetée s
input is the data bus state signal_asiin

manner, the prioritly value of 254 Mhirh was aSS|gned to the dlgltized 20|
anal og voi ce nessade by the Audio 901 afjc\ whi ch makes up - the
Priority Field 403 {of the d|c|t|ze | legppssage is serially '
transmtted to thejdata bus ¢ Petect circuit 713. As in
the start-up procedure, the (oII|§WESSEﬁﬁ%ct cijircuit 713 does a bit-by-bi}
conpari son between |t he out putisei=the-Lhnech: e# Encoder 709 and 25 t he
data bus state sigrlal. The Priority Fgeld 403 is the first portion of

the 16 bit header word which is conpa Apsof the Excl usive-O
function w t frmtte—Coftipsi on Depe ‘DK’TAC"‘ 713. In the case of a voice
RECE%VED ' |
DATA - |
1327 -
i (. Y _ .i
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i nput device, the Priority Field 403 has a val ue of 254. Because of the
mechani sns enpl oyed by the Collision Detect circuit 713, 30 Manchest er

Encoder 709, and neans used to generate the data bus state signal,

. the peripheral device with the highest value in its Priority Field
403 will gain access to the data bus when there is bus contention.
During the bit-by-bit conparison, at a particular bit, a peri pher al
devi ce whi ch does not have the highest value in its
- 32- Priority Field 403 will detec collision and stop attenpting
to access the data bus. Simlar to procedure described in the
start-up procedure (except only the header 411 portion of the tine
slot is used to determ pe bus contention proceeding fromthe nost

significant 5 bit), Ag ,L~-eie-.l device with the highest value inits
Priority Field 403 agcess to the data bus. If the priority
fields are equal, ; y :

//'140'3

ves| USE REGISTER DESTINA-
>—2| TION PROVIDED BY THE |
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then the Register Select Fields 405, and Source Address Fields 407 are
processed through the bit-by-bitq conparision to determ ne the data bus
- contenton, as in the start-up procedure. In the case of a voice input 10
. device, the voice it device will normally "win" the data bus

. determnation in the first 8 bits of the bit-by-bit conparison (the

- Priority Field 403) because the value, 254, of the Priority Field 403 is
normal |y greater than all other values that can be stored in the
Priority Field, except for one value (2 %% The message accordingly 15
takes priority over all nessage seekingg s allocation of a | ower

priority, |less than 254. As depicted in FIG 9, a Priority
Field 403 different fromth val ue 254, assigned to digitized anal og
voi ce nmessages in the_Addi-o - Header 903, is assigned to other types of

messages which are ndt @EGIS?Eﬁte3 t hrough the Transmit Register 705.
These ot her types of ! GENER/AEEAYes are digital data nmessages routed into

the data transfer ~=pparatts 211 at the 1/O Buffer 915, one byte at a
time. Two tyes of dat a~aré rout ed through this 170 Buffer,§&§7 orje

type is data which ﬁ% ire the, I|ng
of digitized 25 anal ggr ;-s% g thip

initial priority ¥ in the Pr r
type is for data FRG&Eﬁé@NESﬁH’C~. Hgher

t han that of
t he hi ghest

di o1/ e@%’b‘?

SELECT MASTER
DESTINATION TO BE § .

| THE Rx REGISTER
(REGISTER “C")

/f1423

SELECT MASTER |
DESTINATION TO BE| .
AUDIO REGISTER
(REGISTER “F*)

FROM N\
AUDIO PORT? 2

iNo 1425

SELECT MASTER
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NO ACTIVE REGISTER
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30 For exanple, the lower priority nmessages (Priority Field val ue
I's less than 254) may include data bits serially inputted froma keypad
215 of a portable cellular radiotel ephone or the keypad 215 of a
handset of a cellular nobile radiotel ephone, or digital data
originating froma facsimle machine 107, which needs to be tine
slotted and frane 601 fornmatted for the ?@@5 speed data bus so the
207 without the high speed sanpling requ for digitized anal og
- nmessages. The data trafisfepg ratys 211 of the present invention 5
. can be contai ned wthiyn pgqua gevices such as a facsinmle

machi ne 107, cellul ar ewlﬁxjmjé;gfﬁlephone handset 109, the user
interface portion 203 of a pgrtabl /] bil e cellular radiotel ephone,
or other devices_which may b§ connggfe to a cellular
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radi ot el ephone’' s mai n processi ng bl ock 207, so that information may 10 be
transmtted by the cellular radiotel ephone 113 through the cellul ar

system here applies to other information which does not require

t he hi gher ~ priority of digitized anal og voi ce nessages.), the keypad
sample is 15 received as a single byte of information at the 1/O Buffer
915. The data is then tested to gﬁggre a valid key press has occured
and built into a 33 bit word in Debounce- Regi ster function 917,
where the 33rd bit is a swi tchhook indicator which indicates whether
t he cel lul ar Lotelephone. handset is in its hang-up cup or not.
The 20 Debounce- ReslsteA&HHﬁktloﬁ 917 conpares a sanple of the sanpled
key press byte fromt g15 with a previous that a valid
press has occurred, fey=gress=Pnf ormation is formatted into a 33

bit word and transnltted in qarallel to the Tx/Rx 25 Shift Register 707

as a 48 bit word-i-n ata-fileld.bits through the Tri-state 907,
t he additional I{5 blts in the 48 b|t dawa field being configured as
invalid bit. Apdended $BTt HRREGRAITY datd field created in t he
Header - Mux functli on 911 COWUNTRe2S6ur ce Hi el ds 407 and Regi st er

Sel ect Fields 405 along with the Prioritly Field. 30 In the case of
the data fiel ds, =FoF these—anyrtar uata: messages with priority |ower

t han 254, created in the Debqunce- Regi ster
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function 917, the Register Select Field 405 contains the address of the
Handset / processor register 1001, see FIG 10,(Register "C') in the

data transfer apparatus 219 connected to the central processing

portion 207 of the radiotel ephone fromwhere the bus naster processor
205 retrieves data sent to it over the data bus. The Source Addr ess
Field 407 as determ ned during the startggﬁ procedure S

afterwards constant in the Degboune-Regis function 917 and 5 cont ai ns

the address determned during start-up in the 4 bit-field Source
Address Field 407. The-Sewece-Addiess Field 407 and Regi ster Sel ect
Field 405 are transn1g‘ed$ﬂ£ﬁlﬂ&kbﬂder Mix 911, and the 48 bit dat a

~—cBunter 701 is appended in t he Priority 10
:Jt header of the 64 bit data bus word in

initialized to one in a~Prro
Field 403 to nake-up the 16

SET PRIORITY
COUNT=253 OR 255
AS SPECIFIED

LOAD PRIORITY
VALUE INTO FIELD

Tl ﬁ’i‘ilf‘iu Tin

g _
WAIT FOR START *}

OF TIME SLOT

{
SEND DATA MESSAGE!

BIT STARTING
AT BIT 64

CHECK

EACH HEADER ™ 1| END
BIT FOR BUS > OretSIONEL L o oReNT |-
CONTENTION - TRANSMIT
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t he, Header Mux 911, and the Priority Field 403 is added to the 16 Tomea pps
header, the entire 16 bit header is then transmtted into the Tri-

state 907 fromthe Header Mux 911, in parallel, where it is conbi ned

into a 64 bit word. The entire 64 bit word is subsequently transmtted 15
to the Tx/Rx Shift Register 707. After the 64 bit word is in the Tx/Rx
Shift Register 707, the data transfer applfatus attenpts to shift the

word onto the data bus in the next appropriate tinme slot, which-is a
general use tine slot 803 or 805, and not a tinme slot 801 allocated to a
voi ce input device. In the case of a digital data message with a 20

priority |ower e dRbdI Gy | é&%@ﬂ@; é%c geswﬁg@

(254), such as i, rlééss mf’or%ﬁﬁgg Mgﬁ ransf apparatus 211

will attenpt t@@@%‘&d@@%@gﬁo the hi gh speed data bus every tine slot.

The mechani sm f or nmvﬂﬁds aﬂvézita @&sﬁ%ﬂ aibloy theSresent
¥

start-up pr cedure the ste CcO out a.red 25 to
The dat bub. o EByeian i thak ot 8 celile s.%’éwmsm

to the | east smfmmﬁezcaﬁwsnghal lmés,tand Mad‘mtedflﬂﬁmfehphm Rfrdwiareheidier wor d
to determ ne if_ther | 1'i sion Detect
circuit 713 defe ectg{8 nﬁmﬁmﬁﬁ%@%ﬁ%&’% %gggmg@{dtgggkr}gﬁ%réqgnp%ara ‘us 211 will

stop trying to acceds thﬂqzrsﬁsraed)smbmhmemmlhsﬁomsﬂssrmpmnb@ra 30

scenarious di Ssssmsegﬁsﬁsas az,%hbeéhtlﬂhé uﬁmﬁé&‘%bﬁmﬁpﬂft&@/ each
peri heral device dﬂ transf ap ar at us, att erg) ain access
telepnone, s BRASRYE &Eﬂ%’f ﬂ‘gﬁmf”ﬁ@s t he bus

to to dat allus radio
contention to among the subsystems of a radmtelephone, nor are analog signals

directly modulated for transmission over the radio-frequency chamnels
used by a cellular radictelephone system. Radio-frequency spectrum is
conserved because digitized information signals are able to carry

15  equivalent information as non-digitized signals in a smaller portion of
the radio-frequency spectrum. Accordingly, the present invention
could be used in conjunction with a system such as TDMA cellular
system so that radio-frequency spectrum is used more efficiently.
Moreover, digitizing all messages at the user interface portion (or

20  within peripheral devices connected to the radiotelephone over the
data bus) reduces the number of signal lines used to interconnect
different sub-systems of the radiotelephone. This corresponds to a
reduction of hardware requirements, an important factor in reducing
the size of radiotelephones. Additionally, the present invention is fast

25 enough to provide for simultaneous connection, and operation, of
several peripheral communication devices, voice and non-voice, to
the radiotelephone.

Cellular radiotelephones provide the same itype of fully

automatic service to a mobile or portable radiotelephone user that is

30 provided to a conventional land line telephone subscriber. In a
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anpot her data transfer apparatus, the Collision circuit 713 output is

- 35_
transf er

data transfer
| nt ernal Bus
Counter 701 in

routed to th Internak. Bus :Arbitrator 923 within the data
apparatus 211 which the increased the value of the the
apparatus' Priority Field 403 by a value of one. The
Arbitrator 923 sends a clock signal to the Priority
5 order to increase-thhe value of the Priority Field 403

by val ue of one. The inital value in the Priority Count®er 701 is one
at the begi nning of t he bus access atten&t % the data transfer
appar at us. a@dsfmw@ghtdambtmup%@nms e ithrgugbputit er 701

the Priority Fle

has a val ue of of ?y"&\é?resent emBRRIRAY 86 ek AuindRed gl
4 i?‘“ om
the data transHiwus 8

) 911 as

&
P CO t 701 t ti
spbna. H the gpe G in HOJeroNRBadss, B8 | he fat

bus. This nexﬁ@tﬁlﬂﬁﬁ’@gh tishmdron sixty-fountlsits pletinexdlot and thé ot becones

hi s

avail able. 5 It er dehy Smbodifieht has a total throughput of five hundred twelve

10

15

th@usand bits per second. In either instance, this throughput is an
order of magnitude faster than that generally available in
conventional cellular radiotelephones. This throughput is
important because it is much higher than conventional data buses
found in current cellular radiotelephones. This throughput is
necessary in order that peripheral devices such as a handset for
mobile radiotelephones can contain digitizing devices {coder-
encoder “codec” 213) and the data transfer apparatus 211 can transfer
this digitized information to the main radiotelephone processor 205
fast enough for processing and storage without a loss of digitized
analog voice message information. |

In order to accommodate receiving and processing inforimation
signals over the radio frequency link between the base station 117 and
radiotelephone 113, 119 and from the user interface portion 105 of the
radiotelephone, the data bus is used in a radiotelephone architecture
as shown in FIG. 2. In this architecture, analog voice messages may be
input at the microphone 209, further processed as an analog signal by
the audio control circuitry 221 of the radiotelephone, before being
digitized by the coder-decoder 213 which provides for the digital-to-
analog and analog-to-digital conversion of speech or other analog
signals. The codec 213 converis the received analog voice message
signals to a stream of binary bits and can be used to reconvert stored
binary bits to a replica of the original analog signals, such as
synthesized speech signals.

After the codec 213 has digitized the analog signals into digital
messages, it then transmits them to the data transfer apparatus 211
where the digitized analog message is sequentially shifted bit-by-bit
into a 64 bit register within the data transfer apparatus. In the case
where the codec 213 is a companded codec, six 8 bit frames as shown
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attenpting to gain access the high speed data bus, this remaining 15 dat a
transfer apparatus wll again acces:to the data bus After a

particul ar data transfer apparatus gains access to the high speed

data bus, the Internal Bus Arbitrator 923 will reset the Priority

Count er 701 of the data transfer apparahgs whi ch gai ns access to the

| onest val ue, one. A data transfer appafatus that was unable to gain 20
access Will try to gain access to the data bus when the next tiTre sl ot

e ot tompt g to odt i Adeeie f et Rhotidal BERSHE QRRRRGERE |

det ermi ned as dpgfarabys zliewathm eacfbpemphemltd yisepcan process either digntal

Manchest er Enc 5%@ 25
bei ng passed t ﬁ {H rat or to gﬂ?ﬂtga% gl ta@ S| gé?s

i s avail abl e) 8 f?%fﬁ‘é a8 imporénecneall belephane YRPLeFHNS- t he
bus contengi ong e ?ﬁéﬂ@d éxﬁbé@izﬁexﬁaﬁee i&tf@f&ahbﬁ sehtmlﬁhé ﬁ&? is less

Lhan 254, ineris bty PY nalte JBASDSS eL Rcete 03 Cone Wiens e a0
particul ar datm,es ft@lthapmm e ©18 detrettiesdatalius will be suoch that |
order to try thesh St Ut ﬂﬂ%ﬁetp&%he@@@%%%@%@b%bwe there
is a type of dresmally bemblewesacsges the data bus fonstleaginene timerslot 683 val ue
higher thag thguMag'eeef frande BGELORRAAAE bus operation. This is because
digitized analog voice messages are not flow controlled by the bus
master 205, moreover, the bus master 205, because of the information
{originally stored in the EEPROM 217) transmitted to it from a
particular peripheral device 203 (which inputs digitized analog voice
15  messages) during the start-up procedure, will allocate at least one time
slot 603 to each of such peripheral devices 801 depicted in FIG. 8,
during each frame 601, up to a maximum of five dedicated time slots
in the present invention. Time slots which are not dedicated to
peripheral devices which input analog messages are shared in a time
20  multiplexed manner by data bus Control Messages 803 transmitted
from the bus master 205 to peripheral devices for controlling
information flow on the data bus and messages transmitted to and
from peripheral devices 805 which do not have dedicated time slots.
The data bus controls bus access for messages which are not
25  digitized voice messages by transmitting downlink header 411
information in each timeslot with time slot synchronization
information and by setting or clearing the Ack Bit Field 305, thereby
giving peripheral devices permission to send (or to hold off) such
messages on the data bus. Each data transfer apparatus 211 has a
30 particular address which as mentioned above, was determined during
the start-up procedure according to particular information contained
in EEPROM 217 which resolved the start-up bus contention.
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digit|{zed anal og voi ce nessages. This type of digital data nessage
(thi\gh speed message) is.also input to the data transfer apparatus I/0

BUf fer 915. This high speed nessage requires faster access to the bus
than any other information sent to the data transfer apparatus 211. 5
The routing for this data is as descri bed above for data which starts
with a priority value of 001 in the Priority Counter 701, except that the
high priority data begins with a priority Yaf 8 of 255 { oaded i1t o t he
Priorty Counter 70%...Wth this value of 255 |oaded into the Priority
Counter 701, after the Data Field 409, Register Select Field 405, and 10
Source Address Field 407 are assenbl ed i n-t he Debounce- Register-

function 917, 'the Data Field 409 is transmtted in paraIIeI Tri -
state buffer 907, and the Register Select 405 and Source Ad rt;ggf ifel d
407 are sent to the Header Mux 911 where the Priority Couni®t

| oads the value 255 into the Prlor?;ﬂlgleld 403 bits. Once th "'Tlty
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15~ -Field 403, Register Select Field 405. and Source Address Field 407 are
l'oaded into the Header Mux 911, the 16 bits are transmitted to the Tri-
state buffer 907. Once both the 48 bit data fied and the 16 bit header
field are in the Tri-state buffer, the 64 bit field is shifted in parallel

to the Tx/ Rx Regi ster 707. Therefore, when the next tine
slot 20 access opportunity occurs, the data transfer apparatus wl|

at t enpt to access the data bus, i Ng the bit-by-bit €orparison of
t he Priority Field 403, a data transfer apparatus with the val ue 255
stored TATtS Priority Fireld 403 wTI™ daifn access to the data bus -at
t he next " avai | abl Z/a MEe_SI Ol _Unless th% % [s-anot her —daf a t ransfer!
apparatus 25, with an al TRANGEE thﬂs Prijoni{ )Mmﬂ%@%‘*@l@@ i ch

[ wor d_as _described_above: it herstuceeedig blggg of the ,

!
! X
case the bus ) t@ Fﬁﬁ*‘ﬂﬁl . re—cet rmnq:d by=—succeediag\ bits|in t?Te
i
{

16 bit header § [ _ _word_as_descri
Manchest er E’ ezzgoded 16-bps h=ader vvor(i wi gl @Eﬁiﬁiﬂ), b L conmpar ed
(from nost ' 5 st-gatf Leant—bi it a ltedst—sig i cant bit) with

h—tio 30 determh ec ttheé bus,gan ent
previously di stu sed J: bit of the ¢ 16ibit eaderﬂaraAﬁQ% at}l
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-37- - header bits, a nmessage with a priority value of 255 w | not
gain access to the bus, and it will wait for the next tinme slot when
it will try to access the bus with the value of 255 |loaded into its

Priority Field

which is attenpt
there are at
apparatus may | o

403.
ing to

| east three

ad intoits

5

Thus,

for a data transfer apparatus

transmt data over the high speed data bus,
priority levels which the data transfer
PriGthyaFieId 403 to try and gain

access to the data bus, they are:

for high speed nessages which atﬁ&m& thg%ﬁﬁ#g%éo

send out the nesgageom the next availa
whet her the next| dﬂ&%NSGE&WﬁRﬁ rs—attocated—to—it*

priority |level of 255
transfer apparatus to '

priority level o

—254—f-er—ai-gt1 zed anal og voice ne

all ows those real -tine nessages to be sanp%ﬁﬂ and
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r adi ot-el ephone contains the bus master 205 for the radiotel ephone;

mepory devi ces such as RAM 229, ROM 227, AND EEPROM 225; and t he
speech coder 223 processor for digitized anal og voi ce nessages); 20 and
finally a priority level less than 254 which all ows nessages with

sl ower sanpling requirenents than tine voi ce nessages to be i nput at
the /O Buffer 915 and transmtted over a general use tine sl ot of
the data bus frane 601. The process of setting a priority count: of f
"255" or "253" is showmn in FIG 16B. 25 The data transfer
apparatus 211 is also able to receive data transmtted to it over
the data bus. The data transfer apparatus can be used to receive
nessage as either a data transfer apparatus 219 on the bus naster

side of the data bus or peripheral 4 , 3gdevice 211 side of the data bus.
(On the peripheral side, the data 30 transfer apparatus 211 can be used
to send digital data nessages to . devi ces such as a display 233 for
t he radi otel ephone 113.) A bl ock di agram of the neans used to
acconplish this is depicted in FIG 10. The data is processed
serially through the Conparator 1003 then decoded in the Manchester
Decoder 1005, and then serially shifted

601
AL

r Y
- 750 MICROSECONDS

TS0 | TSt | TS2 | TS3 | TS4 | TS5 | ST5

Voo () U0 U 1
603 603 603 603 603 603 603
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EITHEi///////,///// OR
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SPEECH

‘s8] 8 1 81 81 8 |8
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DATA OR
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-38- .. into the Tx/ Rx Register 707. The Manchester Decoder 1005 -us
wel |l known in the art and serves to recover the data bits transmtted
fromthe Tx/Rx Shift Register 707 and Manchester encoded for

transm ssion over the data bus to the receiving data transfer 5

apparatus. For exanple, in the case where the data transfer
apparatus is by by the radi ot el ephone bus master 205 to

receive data from periphe?af Hevices, the Manchest ez decoded
data is shifted into Tx/Rx Shift Register 707 and after the

first 16 bits are decoded, the data 10 transfer appaaratus 219 is able
to determne for which of t NERMAL OWAﬁQNbIe registers within the data
transfer apparatus 219 the data is intended. This is done by reading
the Register Select Field 405 of t he i ncom ng _nessage using the

Regi ster Sel ect Decoder 1011. There are thrlere7@&| n regl st etrs MDEIO
may be addre se%@j/ not her data 5 t-r-anster—apparatus——these—gqre th

Handset/[err}® T (regl st UDIO "C'), the Rx Audio sh?gl S¥
1007 (regi stgyc’ AODRESS 15 Lol pEADER FEOIBATA. FO0A 1 Rg@s;t r "E') of
the data transter apparatu (ﬂﬁ) th I's witten —
1001 to the HEME tSﬂﬁEféB:&hpW N X
. EEPROM
PRIORITY CLOCK 01 Tx DATA DATA
v S (63:0)
PRIORITY
COUNTER f707 |
- |t /o0 ou ATQTE
PRIORITY ADDRESS (3:0) | X/Rx Sh%fT REGISTER (64)
1 ~ ﬁCOLLISION
/1 MANCHESTER | .
709! ENCODER, | N
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A
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219 used by the bus master 205,

the bus master 205 sends out a 20

downl i nk message 301 with the Ack Field 303 bit set high so that al

perlpheral

"C' by the bus master 205. Conversely,

devices are prevented fromattenpting to wite to register

register "F' 1007 within any

data transfer apparatus nmay be addressed by anot her data transfer

apparatus during any tineslot without regard to fl ow control.
"F" 1007 is used to routg gdiggtized anal og voi ce nmessages

Regi st er

25

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

master's data transfer apparatus 219.
nessages are allowed to be
Regi ster 1007, wi thout
30 a high value

transfer apparatus 21
mechani sm for receivi
processi ng portion 20
case for receiving nes

wrltten t%(;(f

egard
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I s APPARATURat e

g VOICE n¥Se®fpesjfromthe bus nmaster central
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ai n,
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-39- .. the data transfer apparatus 219 receives nessages for the
central processi ng portion 207 of the radiotel ephone. Wen the

peri pher al device shifts in the 16 bit header fromthe Manchester
Decoder 1001 to the Tx/Rx Shift Register 707, the data transfer
apparatus is able to 5 determ ne which register within the data
transfer apparatus 211 wll recdi ve itthe data, the Control Register
1009, the Handset/[err] P Register 1001, or the Receive Aleo Regi st er
1007. Then depending on which of g,g t he reglsters hasDBdeén - && K@cted ( by
readi ng the Register Select qufﬁ ‘””ﬂ, 7@» 54

w |1 paral | eCOLpISTON—6¢
fields. If the Control R#gz

field fromthe B&Sa bits|in tg i iiw
to the Contr oREQEEIST er=10 @% é%; i
sel ected, then (2:8% bit f g ” !

Regi ster. If the andset il

entire 64 bitg RERS T “ “Shl f Regi st er WI Ll be nar {1 lle
| oaded i nto the—Hamuset/ e -QZ%xﬁs-er 1001. KEY COMPAREhe n;kpgred
enbodi ment of TIKe ﬁﬂéXEn(éﬂhVentlon ses a (EURRENT REGISHER;—eHX

the need for | nr,nal i nesjto carry LASTaﬂﬁGﬁSTEﬂprie;;;ﬁﬂ Be
the user int @Zég 4P 2 rtignjof a 20 rHERBOENEEhONe q;*rw‘?-‘- grafmﬁ)
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Mor eower, the systemof the preferred enbodinent, is able to
accommodat e five voice nessage input devices and enabl es the
radi ot el ephone to process the information without a significant -
degradation of the voice nessage. The systemis able to acconmobdate 25
digitized voice nessages and digital data nmessages by use of a tine
mul ti pl ex schenme which gives a higge} fgiority and dedicate tine
slots to digitized anal og voice nessages. The preferred enbodisent of
the present invention flow controls digital data nessages which are

8

)

processed by the central radi o processor, bﬂlﬁ 433 digitized voice 30
XK xXpdd A har dwar e

46, devi ces

apparatus i's inplenented to deterine bus con

attenpting to access the data bus sinultaneogs i; LER: har dwar e
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of address to all peripheral devices connected over the data bus to the
radi ot el ephone. The entire word formatted by the data transfer
apparatus of the preferred enbodi nent is used to determ ne bus
contention/the data field. Al so, the systemof the preferred 5

enbodi ment operates on the order of a magnitude faster than data

buses found in current cellular radiotel ephones. We claim
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1. Adata transfer apparatus for a radiotel ephone peripheral using a
tinge nmultiplexed data bus for conmunication with a master 5 unit,

conpri si ng: means for generating a contention determ ning
field, further conprising nmeans for generating data representative of
priority in response to a busy condition on the bus when the
r adi ot el ephone peri pheral |sl@pweﬁ%g up; 10 means for accepting
a plurality of data bits; and means for assenbling®said
contention determ ning field and said accepted data bits for
transm ssion in one tine s|ot 1t he—+4 e Py | plexed a bus.___
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sai d 'neans for generating the data representative of priority further
conpri ses neans, responsive to a power up of the data transfer

apparatus, for initially setting said data representative of priority to a
5 first predeterm ned value and for changing said data representative of
priority by a second predeterm ned val ue when a busy condition is

encountered on the tine nultiplexed data bus. 3. Adata
transfer apparatus in accordance with claim1 wherein 10 said fsans for
generating a contention determning field further conpri ses:

means for determ ning whether the datg R@ transferred is a

digitized anal og nessage or a data nessag means for assigning
a first predeterm ned value to a register 15 select bit when data to be
transferred is a data nessage; and means for assigning a second
predeterm ned value to said register select bit when the data to be

erred is a digitized anal og nessage.
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-43- - 4. A nethod of transferring data from a radiotel ephone

per.i pher al to a radiotel ephone unit via a tinme nmultiplexed data bus,
conprising the st eps of: (a) generating data
representative of priority in response 5 to a busy condition on the bus
when the radiotel ephone peripheral is power ed up;

(b) accepting a plurality of data bits; and (c)
assenbling said data representati i@ of i@ iority and saird ‘@ecepted data

bits for transm ssion of an assenbled field in one tine slot 10 on the tine
mul ti pl exed data bus.
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5. A'rethod in accordance with the nethod of claim4 wherein said step
(a) conprises the substeps of: (al) initially setting said data
representative of priority to a first predet ermi ned val ue; -and 5

(a2) changing said data representative of priority by a second -
predet erm ned val ue when a busy condition is encountered on the tine

mul ti pl exed data bus. 6. A nethod in accordance with the

met hod of claim4 wherein 10 said step (a) further conprises *£he steps of:
determ ni ng whether the data to beﬁr,@lrﬁerred is adgitized anal og
nmessage or a data nessage; assi a first predeterm ned val ue
to a-register select bit_when the data to be transferred is a data
nmessage; and 15 assigning a second- predeterm ned val ue to said
regi ster select bit when the data to be transferred is a digitized or
anal og nmessage. 7. A method in accordance with claim4 further
conprising the step of (d) digitizing voice information to produce.

said plurality of data 20 bits.
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-45-+ . 8. A data transfer apparatus for use in a radiotel ephone

unj t using a tine nultiplexed data bus for conmunication with a master
unit, conprising: means for receiving a nessage in one tine sl ot
on atime 5 nultiplexed data bus, including a contention determning field
and a plurality of data bits; means for extracting data
representative of priority determned in response to a busy condition
on the bus upon power up of the r adi ot el ephone unit from=said

contention determning field; 10 ns, for determ ni ng whether said
nessage is a digitized anal og l@i@s@%e or a data nessage; and
means, responsive-to a determ nation that said nessage is a data
nessage, for routing at |east portion of said nessage based on said
contenti on determ ning field.|f
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5 - - 46- 9.
A nethod of transferring data in a radlotelephone unit froma
radi ot el ephone peripheral to a master unit, conprising the steps of:

(a) receiving a nessage in one tine slot on a time nultiplexed dat a
bus, said nessage including a contentlon determining field and a 5
pIurallty of data bits; (b) extracting data representative of
priority determned in response to a busy condition on th&=bus upon
power up of the radi ot el ephones upiigfrom sai d contention determ ning
field, (c) determ ning whether said nessage is a digitized
-anal og 10 nessage or a data nessage; and (d) routing, in
response to a determnation jhat said nessage is a dat a nessage, ~at
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