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generally to digital data and
transmissions in & radictelephone unit. More
present invention relates to the conveyance of analog

voice mess&gwhyah@spee@ data bus between subsystems of a2
cellular radiotelephone and the resclving of bus contention and bus
collisions. 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 2l. on
July 18 1991 and assigned to the same assignee.

A communication system which transmits information
between two Emﬁmm mciudes a tmnsmmer amd a receiver

ansmitted mf@mam@n BEM

the receiver which receives the tr

Transmitters and receivers may be contained in a single
apparatus so that the apparatus may both transmit and receive
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
signal (for example, a voice message) or a digital information sigaal
(f@r example, an already digitized message). When the signal to be
modulated is an analog signal, separate hardware signal lines are
used to mrrythe analog signals and dipital signals to the point in the

eeﬂu'ﬂ.ar mdlmte}ephone at the user mtérfa.ce portion of a cellular
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radistelephone. Generally, devices such as microphones, keypads, or
er means for inputting information signals into the
phone may be contained in the user interface portion of a
external dmees, such as facsimile

The receiver of a mdi@ communication system
the modulated information signal from electr
contains circuitry to detect, or to otherwise recres
signal modulated vpon the carrier signal.

e receiver is constructed to detect, and to demodula

signals whmch have been previously modulated by a transmi

m@duht@r.

Subsequent to demodulation, the @nmal gignal i

user may ‘he reconstructed, generally, after further processing

demodu&atad signal is done to eliminate noise added in the
-ansmission of the signal over the radio-frequency channel. The

nstriet sm@al is then mtput at the user interface on the

dm@ays, or facsimile machines may be interfuced
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
separate from each other in the cellular radictelephone unit. Newer
cellular radiotelephone systems do not require the transmitter and
receiver to operate simultaneously on different frequencies.
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In prior eeﬂuhr m&ﬂoteﬂeph@m mts amﬂ@g mfom@@n

rmation szgmﬂs, therefore, sepmte pas

nerally necessary to carry the analog signal
to the modulation circuitry in order to fransmi

transmission of the maﬁ@g sig

radiotelephone required additions! hardware in the form of
hardware signal lines and signalling hardware devices that were
separate from the digital data signal lines to convey the analog

gnals through the cellular mdi@te]lmne from user interface
portions of radictelephones to the transceiver. Thus, cellular
mdm@tel@hmag have parallel hardware paths for anslog signals and
digita signals from the user interface portion of the cellular

in cellular radiotelephone techml@gy, i .g mizati

hardware requires that parallel paths, such as the one between the

user interface portion of a radiotelephone and the central signal
rocessing portion, be aveided wherever possible in order to decrease

the size of cellular radiotelephones

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

us/asynchronous data bus system described in U.S. Patent

No. 4,972,432 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.
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The synchronous/asynchronous dam Em.s, U S Patent No.

4,972,432, described a asynchro ] transmissi

ﬂ@y@r@d on & slower seﬂfadochng synchronous »
asynchro transmission system had much f&swr data

transmigsion system

p@rﬁmhﬂy important characte
fonctions ﬂf a portable radistelephone

lephone peripheral to mke advmﬁ@ of mpem@r mobile type
characteristics, such as power output, using a minimal amount of
time for the required transfer of data. Amempﬂe@fam@hﬂetype
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 mumphshed by
splitting radictelephone functions between the CVC peripheral and
the portable radictelephone. User variable ﬁmehms aﬂmtedl to the
CVC mdl radio funcblms. like cal’ﬂ. ]

the eelhmhr mdmtelwhme data hus in @rder to integra
radiotelephone functions and information between the portabie
mdmﬁelephme and the CVC peripheral than possible with the

nchro transmission inveation desm’bed in U.S. Patent
N@ 4 369 516 to Byrns, and the synchrono yachrong
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 radiotelephones because the mcmased number of
users on present cellular systems have strained cellular system
capacity. Cellular systems require more eﬁmem use of the resources
availahle for cellular systems.

One manner in which cellular system capacity could be used
more efficiently is to send more messages within a given period of
time. This could be accomplished by digitizing all messages sent on
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the cellular system by cellular radiotelephones, and then sending the
easages sequentially to the individual cellular

lephones cpemhm on the system. Moreover, cﬂmgmzmg all

mlog voice mesm Therefore, more d@hzad voice messages
could be sent over a portion of the radio-frequency spectrum than the
equivalent analog voice messages. One menner of doing this is to
dm@tmzethemessa@s at the user interface to the cellular
; ephone, and then send the messages to the central processing
Mcm in the radiotelephone transceiver on & high speed data bus,
and then to the modulation point in the transmitter. Analog
messages, particularly analog voice messages, could not be digitized
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
manner, from the user interface to the transceiver portion of the

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

cellular radiotelephones is necessary.
Moreover, much higher capacity systems such as the time
division muitiple access (@MA) 8 tems

hmdlmdaw than the @mmenhmed data transmission systems.
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
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
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routine digital data messages can be readily detected and messages
mhsmedmdmmewdfmmsmmgemdmmfm exror is

bected. Thus it would be desirable if a high speed cellular
iot phene data bus ammodated amaﬂ@g voice messages input

transfer speed mporﬁ:ant @@nszdemm@m for eliminati

gignals from cellular radiotelephones, hut conversion, transmission,

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-

vepresented form it can be stored, processed, and retrieved in a
signal is not lost or subject to the type of signal
ing, 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
bas 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 _
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
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
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machines, could use the radiotelephone in order to more efficiently
use the cellular radiotelephone and the cellular system. -

Summary of the Invention

Accordingly, the present invention provides a data transfer
apparatus for a radiotelephone peripheral using a time multiplexed
data bus for communication with a master unit, comprising means
for generating a contention determining field, further comprising
means for generating data representative of priority in response to a
busy condition on the 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
data bus.

Brief Description of the Drawings

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

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
with other devices connected to the data bus and the device address.
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| FIG. 8 is & disgram depicting the sequential nature several -
devices may use to send data to, and from, the transceiver on the data
bus.

diagram demctmg the main data flow paths,
' mm, and protocel handling mechanisms for dm@t@l data and

ﬁi@@m& voice messages sent to the daw bus for transmission fo the

pam@n of & eeﬂ mdmteﬂephme, or other peripheral
anected to the cellular radiotelephone user interface by the

weﬂ as gmpﬁes of 8 Mt streams having the values 254 and 255.

FIG. 12 depicts & diagram for the cutputs of the Collision
Detect circuits for two data transfer apparati which are contending
for access to the data bus, and the resulting determination at the
gighth 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
meewmg from a peripheral (FIG 13C); and for the master

@eﬁe@hm in the master (FIG. 14A) and the penpheml (FIG 14B).
FIG. 15 is a flowchart for the process of power up employed by
the peripheral.
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).
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al messeges, in particular analog voice signsl
re real time sampling and processing not realizable on data
previously incorporated in mdz@telteph@M)a ave digitized at the

. user mteffaee of a radictelephone and then transmi

m@ssar p@man fast enough to meet the mmpﬂmg amd
quirements of such real time messages. Messages transn

t’h@ @emml mdm processor for pmssmg are ﬂow mtmﬁﬂeﬂ a

B88age : and messages

g the real time processing capability for
digitized analog voice messages.

Ahmeﬂomddambmmwhﬁmaﬂthammshmm

ntained within a frame is employed. Mesaages are sent within the
individual time slots of a frame. Time slots may he allocated to
individual peripheral devices for each frame, or ssveral peripheral
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.

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
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

@mrﬁﬁed. thmby enh “UH
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information contained in the first three of the four fields comprising
ssage format.

The data transfer apparatus can receive uplink messages at
more then one input port. One of the input ports is for inputting
@mmdl analog voice messages and also for inputting information

rieved from a memory device) used during the data bus start-up to

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
a_md bus contention are determined, by the input port the messages
ww@m&e&a&mﬁ@appmm En@rdertoopemteatthe
high speed required to sample and process digitized analog voice
o] and also accept digital dam messages at the other input
port, the data transfer apparatus 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
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 bite are created within the data transfer apparatus in different
locations and are routed dﬂmﬂy over the data bus, depending
the type of message, i.e., voice, non-voice, highest priority mesmge,
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
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
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type is, i.e., voice, non-voice, highest priority message, or a start-up
procedure message

One application which may advantageously employ the present
invention is that of a celluler radiotelephone in which a minimum
number of signal lines, and associated radiotelephone hardware,

aids in the miniaturization of the radiotelephone equipment.

embodiment, all information input to a

diotelephone is dmgmzed at the user interface portion of the
radiotelephone, so that analog signals are no longer transmitted
among the subsystems of a radiotelephone, nor are analog signals
dimeﬁy modulated for transmission over the radio-frequency
channels used by a cellular radiotelephone systerm. Radio-frequency
spe@trum is conserved because digitized information signals are able
to carry 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
celluiar system so that radio-frequency spectrum is used more
efficiently. Moreover, digitizing all messages
portion (or 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 & reduction of hardware requirements, an important
factor in reducing the size of radiotelephones. Additienally, the
present invention is fast enough to provide for simultaneous
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

This Sheet Has Been Rﬁhcm
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cellular m&@wleph@m system, service is provided over a wide

wmm@m} eeﬂuhr systm each eeH typically has a base station,
rovides a signallir io channel and amumh@r of

o in each of the cells. A general representati
system is depicted in ¥IG. 1. Depicted in FIG. 1 are a remote
diotelephone unit 113 controlled by cell base station 117 through
which the radioctelephone unit 113 may communicate with second

mdm@telephme and is generall

radiotelephone which containg the transmi

In a conventionsl system, upon completion of the signalling
radictelephone is assnmd a radio voice channel to whmh mi; mtches
from the radio signslling channe! for the duration of the ¢all. In the
event that a mdmtaelephone leaves the cell and enters m&her cell, the
radiotelephone is automatically switched over, or handed off, to an
available voice channel in the new cell.

The system of the preferred embodiment has been designed to
cperate in a cellular remote radiotelephone unit that will eperate in a
time division multiple access system (TDMA), although it could 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
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ignals and @tﬂ §i gn nals are routed from the
hana signals are mpuﬁ into the

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 analog
signel lines are required.

On the other hand, a digital signal input, for example a keypad
press used to dial a user telephone number, will be routed on
different signal lines, and be pmcessed by the central mdm pmeessm'
before it is sent to the transmi nd transm
cut to the cellular mdm@telephme system. Thus, this dﬂgmtal szgmm
transmission to and through the cellular radioctelephone system
requires additional hardware sigmal lines to send the information
from the keypad press device to the transmitter in order to send the
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
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
of the mdmtelephcne elimina
messages input to the mdmteleph@ne 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,
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and a@ow the digitized analog voice samples to be processed fast
encugh to ensure the digitized anslog voice ave of good audible quality
mmre& bya mdm@lephom receiver and reconstructed for

foneti i M @f@ fi‘} DOREe i

The time slotted data bus, asdmctedmthsfamatofﬂ@ 6
esnploys six time slots 6083 sent over 2 period of 760 microseconds,
called a frame 601. Ea@@medctzsfcmﬁeﬂasahommﬂ@ 3

ﬂm@es 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

pamm(%ebusmster 111 or%ﬁmsmtmne&mthsmrﬁmafm
radiotelephone unit) 207 of the radictelephone (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.)
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
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
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onnected over the high speed data bus which is
master; and a ]Da.w Fmeld 313 used to semﬂ

Mth the uplumk and the downlink messages and is sent a the
beginning of every downlink time slot.
Uplink messages mmm@ sent to the @mtm‘ﬂ m@ﬂ

ephons, over the present mvenm@n.

As shown in ¥IG. 4., the uplink message format 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, including the 48 bit data field, are
used to determine bus contention among transfer apparati
which communicate with each other over the time slotted data bus.
This is done by a sequential bit-by-bit compari
data transfer apparatus beginning with the most significant bit in
the 64 bit word (in the Priority Field portion of the word) and ending
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 invention to penphemﬁ
devices which accept analog voice messages i transm
dm@fmzedl voice messages to the cexm'aﬂ spaeeh processing devi

i g £21

ensure that voice messages are adequate]ly tranamni
radiotelephone 113, 118 to the cellular system base station 117;
peripheral devices means the user interface portion 105, 2038 of a
radioctelephone 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
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801, and forty-eight data bits mgg: time slot, therefore, the throughput
@f data bits by the present inventsew is three hundred eighty four
housand bits per second. Ifthe mnadata bits are accounted for, the
} tmsMsadm Msfmbmtswmmeslatamd the

hroughput of five hm,mdmd tweﬂve

&h@msam ’bmts per gaemd. In emther ,~

_ se it is much bigher 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” 218) and the data transfer

st&ﬁmn 117 amdt mdmteﬂephme 118, 119 and from the user mﬁerfma
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
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.

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

is Sheet Has Been R:ﬁlaced

N
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in FIG. 6 are sequentially shifted into the 64 bit register (only 48 bits
mdﬂm.the other 16 bita are control bits for the time slot) within the
data transfer apparatus from the codec 213. In the case of a linear
@dec, whmch takes hrger mpﬁes and does not compress data, three
frames gquentially shifted into the 64 bit m@am as

information pmmmng is mssary, the frame time period can be
shortened accordingly, conversion rate codecs could be
mﬂ in phee ofme companded and linear codec devices. The
mmduc@mofthsm&ecatthemmteﬁacepomm% {for
example a mobile radiotelephone handset is such a vser interface) of
the cellular radiote ement over previous cellular

" radiotelephone de&gms, because by bemg abk w throughp ut data at

the rates that it does, it iz able to process

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
sepmm mﬂagmmlhmmdﬂa@dh&dm@mmmﬂ@g
gpeech signals to the cemmhr radiotelephone'’s pmeessmg pon:mm

64 Kbps data rate. Thesystem of the preferred embodim
accomplish, and furthermore, to acc@mmod.ate ﬁve user interface (or

other peripheral devices used to input voice messages to a
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.
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Flow control bits and other format bits are added to the 48 hits

shifted into the 64 bit register to comprise a bus format as depicted in

3 messages that are sent to the central processing portion of
the radiotelephone, which functions as the bus master, from other
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
format dat@ hits of digital dats messages and digitized analog
transmitted over the high speed data bus; be assigned time
transmitting over the high speed data m;demm 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
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
peripheral 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 after the analog voice message has been
digitized by using an appropriate means such as a coder-encod
{Other types of peripheral devices may also be used with the present
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
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
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in greater detail in ¥1G. 7, 9, and 10. The data transfer apparatus as
depicted in FIG. 7 9 and 10 is th@ same device whether it is on the
s master side 219 or on the peripberal device side 211 of the data
bus. FIG. 7, 9, and 10 depict different operating conditions under
tw mvemum is used, and the variabl

depending on the operations being pez romed by a data transfer
apparatus, e.g., whether it is on the bms master side or peripheral
device side of the data bus, whether it is used to transfer digitized
voice messages or digital data messages, or whether it is used during
start-up of data bus operation or after start-up of data bus operation.
The dﬁm transfer appamtus pmvmdes a mechanism to create a
ﬁémawﬂf@mtwmghmusedmgmdmdwe@mldam
nessages and digitized am&@g voice messages over the data bus.
MG 7 is a block lepicting mechanism used by the data
trans Op ipheral device to determine bus
mten@m mth other peripheral devices, also to determine
pheral Device address over the high speed data bus.
At the beginning of operation of the high speed data bus (start-
up), the data transfer apparatus of each peripheral device assigns
rddres mmunicate with other devices
mmectedwerthehghspe&ddatam 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
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 transfes
~ 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
the Transmit Register 801 of FIG. 9, the Pricrity 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
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termined until the start»up
executed to determine the proper priority that
shmﬂdlbe @:venwpmpherﬂ dmeesthatmwmmdmthedam
m, and the Data Field 409 is used to determine bus contention when
mere than ons peripheral device is connected to the data bus. Once
such & bus contention is determined, the peripheral device which
gmﬁns access to the bus assi Fns itself an address @M to the numbe
of attempts required to gain bus access

Thepmbyvfhﬂdwhemterseﬂmgmgmwrﬁewm

‘ghown in the flowchart of FIG. 14A. A determination is made, at

1401, whether the data is presented from ﬂme mimpmcesm port. If
yes, the destination register generated by the microprocessor is used
{at 1408) as the register field value. In the preferred embodiment,
values 7, 8, 8, B, C, and K are used. If data is not from the
microprocessor port, a determination is made, at 1405, whether data

resenting digitized audm is available from the Audio Port. If yes,
the Mt&i? destination is selected (at 1407) to be the Audio register

Regis F referred embodiment). If audio data is not
present, the des@mtmz is aelecﬁed {at 1409) to be a no active register
(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

port, respectively, and if it is, the master destination is selected; (at
1417 and 1419, 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
(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
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information is formatted into the 48 bit wide Data Field 408. The
EEPROM 217 contains specific information about the periphersal
device 208 that allows bus master microcomputer 206 to determine

ipheral device priority with respect to other periphersl devices
ttempting to access the high speed data bus. At start-up, the
Pmmty Counter 701 in all data transfer apparati 211 attempting to
access the bus is set to one.

The specific information contained in the EEPROM 217 within

srammed so that the data transfer

information Med in EEPROMs of other pempheml devmes whexm
more than one device is connected to a cellular radiotelepho

when there is bus contention, the peripheral device wm&h the highest
value number stored in its EEPROM 217 will gain access to the data
bus. To perf@rm the start up bus aﬂym'au@m, the EEPRO

previously descnw Then the entire 64 bit word is transferred
TX/RX Shift Register 707. After proper encoding (through the
Manchester Encoder 709) of the bits sent to the Tx/Rx Shift Register
7@7 the data transfer apparatus 211 does a bit-by-bit comparison of
the 16 bit header and the 48 bit data field through an Exclusive-Or
gate in the Collision Detect circuit 713 with a signal (data bus state
signal) derived from the Manchester Encoder 709 output (through
buffer circuits) of the data transfer apparatus 211 wired to the
Menchester Encoder cutputs of other data transfer apparati
attempting bus access. If the data bus state signal and the
Manchester Encoder 709 output are not the same for any bit, then the
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
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crement its Priority Counter 701 by value of 1. All data transfer
ati which do not detect 2 "1" will continue a.twmpmag to gmn

access to the data bus by continuing to shift Manchester encoded

hltﬁ@mdd@mbms state signal bits to the C@MM@@DGM713 mmnt

obtain aeeesst@thedatahusm&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

Pn@m.y Counters 701 by cne, and the same pm@dm mﬂme& above

Thms stmﬁ»up pmcedm is repeated until each d@ta transfer
spperatus gains access to the bus and assigns itself an address. Each
faﬂad aﬁ&mptt@&mthedambusmsmﬂtsmﬂmmgnty%mm

The process followed by each peripheral device is shown in the
ﬂ@wchartofMG 18. After power is turned on for the peripheral,
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
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,
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.
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FIG. 11 depicts the bit-by-bit timing diagram of the clock, and
two 8 bit sequences which are Manchester encoded by the clock. One
sequence of pulses 1108 is of the Munchester code for the value 254,
the other set of pulses corresponds to the va}u.e 255. The difference
between the pulse trains bemg the least signifi
ambodiment of the mmem mvem@.@n a

over the high speeﬂl data bus. The M anchester Encoder 708 output of
transfer apperatus is identical to the d@ck used to derive the
ccde if the data bit sampled is a zero, and it is inverted

ﬁmmth@d@@kﬁthed&@b&tmth@@ﬂnpﬂ@dm&n&ﬂmmmm The

Encoder 709 sutput is one of the two inputs to the
_ usive-Or function gate.
%eathermputt@th@@@ﬂmmwnam derived from all the
ster Encoder 709 outputs of peripheral devices which are

d to the cellular radiotelephone by their data transfer
pparati through data bus driver 715 and compera |
resuﬁtmg uplink data bus line forms & wired- AND configuration of
the Manchester Encoder outputs from all attached iy ]
devices. The Exclusive-Or function is then performed mth the two
inputs, and if the Manchester encoded data bit matches the data bus

gignal bit, then the C@Hisﬁon 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
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, will have a Collision
Detect 718 equal to zero for all 64 bits, mdthemfcmmtwmﬂgamms
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
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e Manchester Encoders 708. After

mwpm from their respectiv

raining access to the data bus, thzs winning” data transfer
am)amms will send the information in its 64 bit word to the bus

through the bus master's data transfer apparatus 218, If
th@ Colhsmmﬂ)em 713 circuit output is 1, then there has been a
collision detected, and the data transfer apparatus has “lost” the bus
erefore the data transfer apparatus can not
access to the bus. The data transfer apparatus that “loses” a
bus cumwxmm determination during the start-up procedure in this
rnenner then increments its Priority Counter 701 and does not
aﬁmpttogamamsswﬂmdambusmﬁlmemmmesﬁo& In this
manner, each data transfer apparatus 211 which fails to gain access
to the data bus during the start-up procedure
Counter 701. The first data transfer apparatus which gains access fo
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
attempts w tranamit data, for the duration of its @em@@n gver the
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.
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
processor (bus master) 205 allocates dedicated time slots within each
frame 601 for peripheral devices (to send digitized voice messages to
the speech coder 223) which receive analog voice messages as input,
handset 109 for 2 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,

increme nts its Pxitmity N
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iranefer apparati which €ail to gain access during any
particular bus contention in the start-up procedure will retry again
mth tha Priority Counter 701 incremented by one. Again, the data

nchester Encoder 709 mtputsmd tho data bus state

et 718 circuit. A peripheral device's
r apparatus 211 which fails to gain access to the data bus
" wgmnmssmthabmwhemthemmtofa
fanch encoded bit fiails to match the data bus state signal
through the Exclusive-Or fimction of the Collision Detect circuit 713.
FIG. 12 depicts the output of the Collision Detect circuit 713 wheaa
collision is detected in the eighth bit transmitted resulting in a "
value from the Collision Detect circuit 713. Accordingly, the sewmd
pparatus which gaing access to the data bus will
&s&gnmmlfavaiueofmfants address on the bus. A@nthﬁ%bﬂt
data field is transmitted to the bus master 205 (@enwal radiotelephon
m@esm), and if the peripheral device containing
ssage input penpherﬂ device such
andset 109, then a dedicated time slot will be

gh the C@Ihm Dete:

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
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
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
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ﬂmmg the start-up procedure so in the case where data bits are no
onger available in the Te/Rx Shift Register 707 for the next attempt to
 access to the data bus, by a date transfer apparatus 211 which
previously failed to gain access, the data bits can be shifted into
the Tzlﬁh Shift Regism 707 from the Transmit R@glﬂt@f 705.
During normal operation, and during the execution of the start
procedure, the bus master 205 will flow control digital data
28, 'T'he hus master 205 will not flow control digitized analog
sages. Lhe dn@@zeﬂ voice messages are muw to the

cmtmﬂ audio funemom; thmugh the Audio Control function 231. The
digital data messages are routed to the bus master 205 for processing

‘Therefore since the digitized voice messages are not actually

processed by the bus master, the bus master 205, which has the
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
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
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
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.
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embadsmarﬂ’
1t is & feature of the present inveation

messages being of particular impartame in cellular radiotelephone
applications. In the preiemd emmbodiment, the information sent in
the Priority Field 403 of a peripheral device 208 inputting digitized
anslog voice messages to the radiotelephone 113 over the data bus will
be such that the data transfer apparatus 211 of the peripheral device
208 will normally be able to access the data bus for at least one time
slutmdumgwery&ammMI of the data bus operation. This is
bacause dzgmzed; analog voice messages are not flow controlied by the
moreover, the bus master 208, because of the
originaily stored in the EEPROM 217) transmitted to it
from a particular peripheral device 203 (which inputs digitized
analog voice messages) during the start-up procedure, will allocate
at least one time slot 603 to each of such pemphemﬂ devmes 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
not dechwﬂaed to pemphemﬂ devices which input anslog messages

mnmmmg mfomxatmn flow on the data bus am@ 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
digitized voice messages by transmitting downlink header 411
information in each timeslot with time slot synchronizati
information and by setting or clearing the Ack Bit Fme]ld 305, thereby
gmvmg peripheral devices permission to send (or to hold off) such
messages on the data bus. Each data transfer apparatus 211 has a
pammﬂar address which as mentioned above, was determined
during the start-up procedure according to particular mf@nmnom
mntamed in EEPROM 217 which resolved the Mup bus

i |iﬂi‘ii“
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If the pemphemﬂ device is a penpheml device which receives
ice n ges at its input, such as a handset 109 for @ mobile
Dne interface mr@@n of a portab
ansfer appmms 211 will allocate itselfa
ipheral devices that will ensure
phera normally has access to a time slot during every
dam bus fmme 6@1 80 tha.t it can 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
acknowledgement field indicates & not busy condition. Veiece
messages, bowever, are not subject to contrel dependent upon the
state of the acknowledgement field. Since the voice message is not
delayed, the real time processing of the voice message is enhanced
because the voice messsge is directed to the speech coder without
delay. As shown in the flowchart of FIG. 13A, the data transfer
apjpamms 211 for the peripheral devmce waits for the start of the

m@ssage@radawmmmwhemtmmdemw% If the

message is a voice message, digitized voice message information is
sent on the DSC bus to the Audio Register, at 1307, and the process
returns te wait for another downlink timeslot. However, if the
determination is that a data message is to be sent, a determination of
the state of the acknowledgement (ack) field is made, at 1309. If the
ack field indicates a not busy condition (ack=0), data is sent to the bus
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.




10

15

20

25

30

In the opposite direction, the peripheral
directed to it from the data bus. As shmm the proces
incorning message is decoded (
(at 1317) whet&r a data or a voice message

h@ been received.

charts of FIG. 13C am,d FIG 13D. The
mastes Message ipheral and decodes the
message, at 1323, Am a detefmmau@m is made (at 1325) whether
& data m@sme or a voice message was received. If the message
a voice message, the voice message is routed (at 1327) to the Audm@
R .,1' , If the received IMessaye was a d&t& mesgage, the state of
the ack ﬁeﬂd is determined, at 1329 and if th@ ack field indicates a

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

ransmission from the master follows the flow control
Process @f FIG. ISD The process waits for the start of a timeslot, at

termines, at 1387, whether the message to be sent is 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)
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 procedure operation, all digitized analog voice messages such as

originating at a microphone 208 input to a radistelephone
handset 203 wbu.c.h are subseguently digitized by g codec 213, as in the
preferred embodiment, come into the data transfer
the Transmit Register 901 where the data Mts are senaﬂy sh i
the 48 bit Tx Register Bits 705, and the Audio Header 903 is added to

~ make up the 64 bit word used over the data bus. The Priority Field
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m@m the value "254 "which is applied as shownin FIG. 16A. All
“1-, mmﬂ@g voice messages are processed in this manmner
ugh ‘ransmit Register 7056. The data bits 505 which contain
the dﬁ@@z@d amaﬂ@g voice message bits are then parallel loaded
through a tri-state buffer 907. Then the internal routing of the data
for ap w 211 gates the tri-state 907 fo the ﬁmﬂl mx@ut

the Audio Header 9@3 b:nts) are sanaﬂy nchester
Encoder 709 then out on the data bus as demw 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
priority value in the Priority Field 403 is such that it will normall
gain the bus over any other peripheral device attempting to access

Moreover, since it is 8 voice input device, the bus master 208 will

ynehronized the peripheral device 211 to a dedicated time slot
80 that no bus contention with ansther voice message input
peripheral device should arise, and if bus contention does arise with
another non-voice message peripheral device, the high pricrity value
of 254 will normally ensure that the voice input device "wins” a bus
contention determination (gains access to the data bms to semd 1ts
nessage). The 16 bit Audio Header 9@1 whi h contains

for a ceﬂular mobile mdmteieph@me 113, 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
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‘@zed voice messages from the central proc

elephone. The last field loaded by the H
Address Field 407 which was determined
procedure and is stored in the Control Re

sing portion 207 of a
der Mux is the Source
@ﬂumg the start-up
ster 801 from where it is
Header Mux 911. From th@ ’I‘fox Shify Regmste‘r 7017,
serially sent m the Manchester Encoder 709 then cut on
the data bus and to the Collision Detect 713 circuit. In the case of &
voice input device, such as a handset 109 for & cellular mobile
mdmateﬂeph@m. the bits originating in the Audic Header S01 are
through the Header Mux 911 and the mesm&e buffer 907

Pﬁm@ﬁ@ﬁdé@&b&@m&mﬂmﬁaﬂ%@ﬂy@&g@mm mdthe
ollision Detect circuit 713 as in the start-up procedure. The 16 bit
- word output of the Manchester Encoder 709 is bit-by-bit
mpared as in the start-up procedure. The Manchester Encoder 708
output is one input to the Collision Detect 713 cirevit and the other
input is the data bus state signal as in the startpup proced
manner, the pricrity value of 254 which was assigned
snalog voice message by the Audic Header 801 and whmch makes up
the Priority Field 403 of the digitized anslog voice message is serially
transmitted to the data bus and the Collision Detect cireuit 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
the data bus state signal. The Priority Field 403 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,
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
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Pﬁ@ﬁty Eiem 403 will detect a collision and stop attempting to access
imilar to the procedure described in the start-up
ProCe( Z-Cfff:?ww. of the time slot is used
to dewmme bus contention proceeding from the most significant
bit), the peripheral device with the highest value in its Priority Field
£03 will gm@mm the data bus. If the priorit
Register Select Fields 405, @nd Sm.m

In the case af a voice input
demce, the voice input device will normally "win" the data bus
determination in the first 8 bits of the bit-by-bit comparison (the
h&zmty Flield 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 (255). The message according]
takes priority over all messages seeking bus aﬂocah@m of a lower
priority, less than 254.

As depicted in FIG. 9, a Priority Field 403 different from the
value 254, m&d to d’ﬂgﬂ@i@d an.al@g voice messages i
Header 8083, is assigned to other types of messages wh
routed thmugh the T'ransmit Register 705. These other types of
apparatus 211 at the /O Buffar 9185, one byte at a time. Two 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
analog voice messages, this type is routed with amn initial prierity
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 messapes (254) for messages of the highest
priority. '

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 a cellular mobile m&mteleph@ne. or digital data
originating from a facsimile machine 107, which needs to be time

mtemﬁm as in &he start-up procedure
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sletted and frame 601 formatted for the hmgh speed dats bus 8o the
message sphone’s main processing block
required for dﬂ@m& amaﬂog

can he mtamsd mthm peripheral
machine 107, cellular mobile radictelephone hands

interface portion 203 of a portable or mobile @ﬂuﬂm‘ lephone,
@f@therdevmegwhnchmyhemmmw@@m@m

here applies to @ther information which does not require the higher
priority of digitized analog voice messages.), the keypad sample is
received as a single byte of information at the I/D 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

Debounce-Register function 8917 compares a sample of the sampled

key press 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 i is
f@mamd mt@ a 33 bit Mmﬁ bransmi

Tmestat@ 807, the additional 15 bits in the 48 bit damﬁeldbm

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.

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
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pm'mm 207 of the radictelephone from where the bus mastex
vy i)y retrieves &ammthtmthedamlms The Source
Addmm Field 407 as determined during the start-up procedure is
afterwards constant in t.he Debmmmeemm function 917 and
mﬁmms the ad ress determined during staﬁ:sup in the 4 bit ﬁeﬂd
Sem m@m 405 are transmitted to the Header Mux 811, and the 48 bit
is trans t&m Tri-state 807. The priority value,
itinlized to one in & Pri@rity Counter 701 is appended in the Priority
M@mmmmm 16 bit header of the 64 bit data bus word in
Header Mux 911, and after the Priority Field 403 is added to the 16

bit headef, the entire 18 bit header is then transmitted into the Tri-
Btate 807 ﬁr@m the Header Mux QH,m parallel

gister 707, the dam tmnsfer apparatus attempts

Regie to shift the
word onto the data bus in the next appropriate time s]L@t, 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
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
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
sCenarios dﬁscnssed ab@ve, a Mﬁpbyeﬁt CoMmparison 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
iransfer apparatus, the Collision circuit 713 output is
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m@dwmmmmﬂBmArhthQ% within the data transfer

or 92 ok signal to the Pﬂmty Counter 7@1 in
t@ increase the value @f the Priority Field 408 by value of one.
The initial value in the Priority Counter 701 is one at the beginning
the bus access attempt by the data transfer apparatus. Aﬁeramgﬂe
failed attempt the Priority Counter 701 has & value of two which will
be loaded into the Header Mux 911 as the Priority Field 403 from the
Priority Counter 701 the next time the data transfer apparatus 211
@%mptsmgaimmsswm&ambm This next attempt wiil occur
becomes available. Iteratively, this

eanm.nms mmm @n]ly one data transfer apparatus is Eeﬁ
ammpmng to gain access to the high speed data bus, this remaining
data transfer apparatus will gain 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
access will try to gain access to the data bus when the next time slot
becomes available. Again, if more than one data transfer apparatus
is attempting to gain access to the data bus, the bus contention will be
determined as before, there is & bit-by-bit comparison of the
Manchester Encoder 709 outputs with the data bus state signal (after
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
particilar 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 264 assigned to
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@J@mﬁd analog voice messages . This type of dﬁ@t&l data message
is also mpmt to the data transfer apparatus I/O
i Messaye requms faster access to the bus

th:m any other mf@mamm sent to the data transfer apparatus 211.

The routing for this data is as described above for data which starts
mth a priority value of 001 in the Priority Counter 701, except that the
high pricrity data begins with a priority value of 255 loaded into the
Priority Counter 701. With this value of 255 loaded into the Pricrity
Counter 701, after the Data Field 409, Register Select ¥ield 405 and
Source Admgs Field 4@7 are assembled in the Debounce

407 are sent to the Header me 811 where the Pmnty Counter 701
loads the value 256 mmmepnm@mmm%m Once the Priority
Field 408, Register Select Field 405, and Source Address 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
opporturity occurs, the data transfer apparatus will attempt
to access the data bus. During the bit-by-bit comparison of the
Priority Field 408, a data transfer apparatus with the value 255 stored
in its Priority Field 403 will gain access to the data bus at the next
available time slot unless there is another data transfer apparatus
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
determine the bus contention. As previously discussed, each bit of the
lﬁbztheaderwwdthe 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
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header bits, 2 message with g priority value of 255 will not gain
acoess to the bus, and it will wait for the next time slot when it will
try to access the bus with the value of 255 loaded into its Priority Field
403.

Thus, for a data transfer apparatus which is attempting to

- transmit data over the high speed data bus, there are at least three

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

or not; a priority Eeveﬁ of 254 for digitized analog voice messages
which allows these real-time messages to be sampled and
transmi processing portion 207 of the

ephone 113 ina message time slot allocated to it in every
frame 6@1 by the bus master (The central processing portion 207 of the
radiotelephone contains the bus master 205 for the radiotelephone;
memory devices such as RAM 228, ROM 227, AND EEFPRO
the speech coder 223 processor for digitized analog voice messages);
and finally a priority level less than 254 which allows messag% with

input at the I/O Buffer 915 and transmi
slot of the data bus frame 601. The process of setting a priority count
of "255" or "263" is shown in FIG. 16B.

The data transfer apparatus 211 is also able to receive data

pparatus can be used to receive messages as emther 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
dmees 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
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into the Tx/Rx Shift Register 707. The Manchester

well known in the art and serves to recover

from the Tx/Rx Shift Register 707 and Manche
transmission over the data bus to the Mﬁng data transt
apparatus.

For example, in the case where the data transfer apparatus is
used by the m&m&eﬂwhmbusmm 205 to receive data from
peﬂphemi devices, the Manchester decoded data is Sh‘ﬂﬂ:ed into T/R=

: Register 707 and aﬁ@r the first 16 bits are decoded,

addressable registers within the data transfer apparatus 219 the data
ﬂsmmded. This is done by reading the Register Select Field 405 of
ncoming message using the Register Select Decoder 1011. There
are thme main registers which may be addressed by ancther data
transi Handset !ﬂ,@ Re@ster 1001 (regmster
“C"), the Rx Audio Register 1007 (register "F"), or the Control
Register 1009 (register "E”) of the data transfer apparatus. When
data is written into re@sm *C" 1001 to the data transfes
219 used by the bus master 205, the bus master 205 sends o
downlink message 301 with the Ack Field 303 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.
Register "F" 1007 is used to route digitized analog voice messages
sent by a voice input device to the speech coder 223 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

- 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
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‘the data tmmsfer apparatus 21[9 receives messages for the central

terT i:a:m B wha@ mgster wnthm the data transfer
recsive the data, the Control Register 1009, the Handse
1001, or the Receive Audio Register 1007. Then pending

sters selected (by reading the Regstar Seiect Field
309), th@ TZIRX Shlﬁ Register iil parallel load the destination
register with different size ﬁew.s ]Ifthe Control Register 1009 has
been selected, a 32 bit field 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 Audio Register. If the Handset/uP Regxstef 1@@1 is selected
then the entire 64 bit word in the Tx/Rx Shift Registe sarallel
loaded into the Handset/uP Register 1001.
embodiment of the present invention uses a data

bus which eliminates the need for separate signal lines to carry
analog information from the user interface portion of a
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
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
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




40 -

of addmsseg to all peripheral devices connected over the data bus to
distelephone. The entm W@rd formatted by the data transfer
: @wmmg @fthe nreferred embodiment is used to determine bus
contention, including the dam ﬁeld Mso, the system of the preferred
embodiment operates on the order of a magnitude faster than data

buses found in current cellular radictelephones.

We claim:
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dresses to sll peripheral devices connected over the data bus to
iotelephone. The entire word formatted by the data transfer
@f the preferred embediment is used $o determine bus.
e@mezmm, including the dats field. Also, the system of the preferred
bodiment operates on the order of a magnitude faster than data
buses found in current cellular radictelephones.

We claim:
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1. A data transfer apparatus for a radiételephone peripheral

using a time multiplexed data bus for communication with a master
5 unit, comprising:

means for generating a contention determining field, further
comprising means for generating data representative of priority in
response to a busy condition on the bus when the radioctelephone
peripheral is powered up;

10 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 data bus.
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2. A data transfer apparatus in accordance with claim 1 wherein
said means for generating the data representative of priority further
comprises means, responsive to a power up of the data transfer
apparatus, for initially setting said data representative 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.
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4. A method of transferring data from a radictelephone peripheral
to a radiotelephone unit via a time multiplexed data bus, comprising the
steps of:

{(a) generating data representative of priority in response
to a busy condition on the bus when the radictelephone peripheral is
powered up;

(b) accepting a plurality of data bits; and

(c) assembling said data representative of priority and said
accepted data bits for transmission of an assembled field in one time slot
on the time multiplexed data bus.
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5. A method in accordance with the method of claim 4 wherein
said step (@) comprises the substeps of:
(al) initially setting said data representative of priority to a first
_ predetermined value; and '
5 (a2) changing said data representative 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.
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8. A data transfer apparatus for use in a radictelephone unit
using a time multiplexed data bus for communication with a master
umnit, comprising:

means for receiving a message in one time slot on a time

5 multiplexed data bus, including a contention determining field and a
plurality of data bits; '

means for extracting data representative of priority determined in
response to a busy conditicn on the bus upon power up of the
radiotelephone unit from said contention determining field;

10 means for determining whether said message is a digitized analog
message or a data message; and

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

15
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9. A method of transferring data in a radiotelephone unit from a
radiotelephone peripheral to a master unit, comprising the steps of:

{a) receiving a message in one time slot on a time multiplexed
data bus, said message including a contention determining field and a

5 plurality of data bits;

(b) extracting data representative of priority determined in
response to a busy condition on the bus upon power up of the
radiotelephone unit from said 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



